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The natural appearance of beauty in certain colors seen in concert 

has inspired universally a timeless interest in the connection between 

color and the aesthetic enrichment of visual objects. Color harmony is 

an old idea. To the early Greeks, in whose time a philosophy of color 

harmony took shape and grew, it was a metaphor of life implying unity 

and beauty, coming from a foundation of mysticism and symbolic logic. 

During the Renaissance and throughout later periods, it shifted to more 

individual and expressive reasoning. As new possibilities for the 

organization and use of color were discovered, color manipulation and 

expression gained scientific dimensions; the search for a personal 

aesthetic in color became also a quest for natural law. Over the years 

color harmony theory enlarged from the interests of the artist and 

philosopher to the systematic color analyst and beyond. The result 

was a profound dichotomy of meaning. 

The purpose of this study was to examine the changing definition 

of color harmony and to ascertain a general state of understanding of 

the term. A content analysis method was applied to writings taken in 

a special sampling technique, selecting for analysis those works regarded 

as classics in the broad field of color literature. 

The dissertation is organized in standard research form. The 

report is in five chapters. Chapter I is the introduction to the study 

and includes the problem statement and its significance. In Chapter II, 



the literature on the subject of color harmony is reviewed from antiquity 

to the present with a survey of the problems of language of color. The 

research plan, definitions, sources of data and data collection techniques 

are discussed in Chapter III. Chapter IV covers the analysis of data and 

the report of findings. Results are summarized in Chapter V, with con-

clusions and recommendations for further research. 

A ranking of eight color harmony attributes and their definitions 

was obtained. Terms found to be coincidental with the discussion of 

color harmony were order, tone, configuration, interaction, similarity, 

association, attitude and area. Cases surveyed in the study failed to 

demonstrate an acceptance of the ranked list of terms. However, disagree-

ment on the order of emphasis of the terms was complemented by strong 

agreement that color harmony was characterized by many definitions. 

Therefore, it was confirmed initially that color harmony was a viable 

but multifarious concept. It was found, too, that emphasis placed on one 

term was likely to be related directly to emphasis seen in another. When 

the eight terms were combined in different ways, the group of tone, order 

and interaction demonstrated the strongest connection with the discussion 

of color harmony in the sample. Interaction displayed characteristics of 

being an intervening variable on which most of the other terms depended 

for meaning, except tone and order which were independent. The general 

understanding of color harmony was determined to be attributed most fre-

quently to order, referring to uniformly spaced points in a color 

classification system. 

Results of the study suggested that a potential for synergistic 

effect existed in color harmony in the connection of tonal response to 



a process of ordered visual perception. The physiological intervention 

of visual adaptation—interaction—was identified as a possible agent 

in an event—level synergism. A conceptual model linking two tetrahedron 

units together was created to form a cubical vector lattice as a device 

to illustrate the interrelationship of the color harmony attributes when 

interactive processes were at a maximum. Recommendations to apply the 

research method to other problems of language in art were presented. 



PREFACE 

This work began in 1976 as a research project aimed at defining 

a veil known special case of color use in art; viz.9 color harmony. 

In its broad interest, the investigation of color is naturally a multi-

farious subject that can be broken into many parts and applied in 

different ways. But color harmony, or the use of color, belongs 

uniquely to art and cannot be separated from it. In the process of 

analysis there may sometimes be the appearance of a loss of connection, 

but color harmony can never be completely removed from the important 

visual applications which the term defines. Thus, a study of color 

harmony is primarily a study of art. To be able to study color from 

the art point of view was a particularly satisfying experience. The 

penchant for investigating substructure in art eventually led to the 

theory of the synergetic nature of color interaction and to a philosophy 

of the general significance of the synergy theory. Without the practice 

of art these connections probably would not have been made. Monet is 

said to have told Clemenceau, "Your error is to wish to reduce the world 

to your measure, whereas, by enlarging your knowledge of things, you will 

find your knowledge of self enlarged." It was a need to enlarge the 

knowledge of things of art which carried this study to its conclusion. 

Dean Brewster Judd, the color scientist, once remarked that one of 

the difficulties of a so-called color expert is that nearly everyone 

knows a good deal about some phase or other of color and expects the 

expert to know more. In this study no assumptions are made concerning 
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rules of general color use or expertise as a colorist. The problems 

of other writers in this regard have been carefully avoided. 

Finally, in the course of developing the research plan, it seemed 

the method had potential value for students conducting future inquiries 

into the language and meaning of art; therefore, the method of study was 

kept intact for reference purposes at the risk of encumbering the more 

substantive results of the research. 
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CHAPTER I 

INTRODUCTION 

When two or more colors are brought together to produce a satis-

fying affective response, they are said to be harmonized. Color has 

been studied for centuries by both professionals and laymen representing 

art, science, psychology, and other interests; and a voluminous body of 

literature exists on the subject. But it is not without some confusion 

that the various sources are able to be applied to color harmony. 

It would appear that, despite the effort which has gone into color 

study in the past, the knowledge of color harmony has not yet been 

assembled into an agreeable modern concept. The essential requirements 

for producing a satisfying affective response to color remain unclear. 

Detachment and isolation of specialized interests in color research have 

evolved disjunctive color study methods. Balance and unit of presenta-

tion of color knowledge have given way to an "atomistic" approach (Vigus, 

1952, p. 16). 

One of those to recognize the error of disjunctive color study was 

Goethe (17^-9-1832) who purposely arranged Zur Farbenlehre (l8l0) into a 

color-analysis section and a color-synthesis section. Synthesis, he 

said, is an acquiescence to human nature. Without unity and context, he 

maintained, knowledge will probably always be misappropriated: "Man 

usually gives in to hypothesis, theories, systems, and other such 

presentments, thereby attempting to comprehend infinity by guess and 

by God" (cited in Matthaei, 1971, p. 57). That is to say, unless 
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pragmatism is made a part of theory, it is natural for persons to 

gravitate toward the more specialized intellectual states. The 

fragments of an idea may preoccupy us so that in time the parts are 

taken as erroneous substitutes for the whole (cf. the color wheel and 

the simplified system of color harmony associated with it). 

In such a way cults of color theorists have evolved, each cham-

pioning a certain disjoined part of the synthesis. One finds in this 

century alone widespread diversification of theory concerning color and 

color harmony: interaction of color, color order, and color systematiza-

tion, intuitive color (e.g., the Abstract Expressionists), the 

quantitative approaches of the scientist and the qualitative ideas of 

the philosopher, plus hosts of lay considerations of common everyday 

color use. Faced with what offen appears to be correct, but at the 

same time contradictory answers to color application, it is not surpris-

ing to find color experts concluding: "The problems of color harmony are 

in a very unsettled state . . . . The facts of color harmony are few [and] 

contradictions in expert opinions are frequent" (Burnham, Hanes, and 

Bartleson, 19^3, pp. 215, 219). The last two centuries have seen an 

unprecedented emphasis on disjunctive color study, mostly investigations 

of a technical nature. Consequently the concept of color harmony*— 

satisfying affective response to color—is frequently defined in biased, 

mechanical terms. Meanwhile, the psychic—nontechnical-—meaning of color 

harmony, thought to be more dependent on unity of theories (Argilelles, 

1975)5 has apparently been neglected. Color harmony has become a narrow, 

sometimes vague, often frustrating topic for those interested in a general 

understanding of the subject, 
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In the milieu of color information one must often choose from 

among numerous claimed solutions to color use. Anxieties which often 

accompany the adoption of a theory or method of color study could "be 

alleviated by unifying the various scientific, psychological, artistic, 

and lay arguments into one comprehensive model which demonstrated the 

interrelationship of the apparent different ideas about color and color 

harmony. The unity concept would show that all color theories represent 

extractions from a much larger point of view. In the future the advance-

ment of a single theory would likely be approached with its potential 

limitations more firmly in mind. A unified conceptual model would 

provide access to several recognized, available approaches to color 

harmony which are likely to influence the meaning of the color harmony 

concept. 

Art, more than any other field, is the proving ground for color 

study. Goethe thought as much and wrote: "It is best to speak to the 

practicing artist, for then truth confirms itself directly at the deed" 

(cited in Matthaei, 1971? P- 202). Unfortunately, not all color 

theorists share Goethe's sentiments, and it often becomes necessary to 

translate the language of a color harmony method into the language of 

art before the information can be applied. Therefore, in addition to 

the need for the interrelation of substantive information on color 

harmony, there is also a need to clarify the language associated with 

it, a language which, due to the diversity of color theory sources, 

makes it difficult to communicate outside a limited sphere of color 

interests. By assembling the apparent diverse meanings of color harmony 

into a unified concept, the resulting equation of idioms would provide 



a more comprehensive common reference for those teachers, artists, and 

students from all fields of study who may be interested in color. 

Statement of the Problem 

Hypothesis. Color harmony is an abstruse concept described 

differently by different authorities and is representative of diverse 

meanings when applied to the process of making art or when used in 

art-related and other specialized color-use opportunities. 

Questions to be answered in the study. The study is designed 

to answer three specific questions about color harmony: 

1. What are the apparent different interpreted meanings for the 

term color harmony? 

2. Is it possible to determine the relative emphasis placed on 

each meaning in a sample of written works on the subject of color? 

3. Utilizing the findings from the above questions, is it 

possible to construct a conceptual model to show the color harmony 

meanings in a format suitable as a visual reference for organizing 

future color study efforts? 

Significance of the Problem 

Sufficient questions have been raised in the study of color about 

the validity of color harmony as a concrete concept to easily justify 

a detailed analysis of its meaning. Such a task is not easy, because 

color, unlike music, has no traditional harmonic foundations around 

which to structure an analysis; foundations must be built. The field of 

art has successfully avoided all attempts to canonize its practices in 

color in the way that music has quantified its theories of harmonic 

sound. Musical harmony apparently began as early as the ninth century 



(Copeland, 1957). Rameau (1722), Kirnberger (1773), Schenker (1906), 

and Schoenberg (l91l), all presented treatises on the structure of 

harmony in music, during a period in which art failed totally to develop 

any kind of similar comprehensive concept. 

Yet, art has not been without its attempts, as the literature on 

color harmony supports. It is replete with references to color harmony, 

but the independence of the concept from any generalized theory soon 

becomes obvious. 

Historical attempts to structure harmony notwithstanding, there 

is widespread agreement, at least among artists, that such a plan is 

probably undesirable anyway: "As long as we understand clearly what 

the painter is driving at, and how he achieves his results, it doesn't 

much matter about our classifications, which are merely a means toward 

understanding our judgment" (Pope, 19^95 P» 93). Albers (1975) has 

made it clear that no such rules for the quantification of color 

harmony are invited. He wrote: "We feel fortunate that so far there 

are no comprehensive rules for such aims" (p. kk)• The concern by 

Albers, however, for the vulnerability of the field to rule making does 

not escape notice. The arts of other cultures and other times are 

commonly known to have been frequently encumbered by such conventions; 

but history shows that each time rules of color were set they were 

broken, often sending art to new levels of consciousness in color design. 

The purpose of this study, therefore, was not to establish laws of 

color harmony, not even to suggest that they be encouraged. Neither was 

it intended to form a permanent foundation for the analysis of color 

harmony. Instead, its purpose was simply to assimilate the knowledge 



already available on the subject and to evaluate its relative position 

in art as a part of the -working vocabulary of the field. 

Rules seem to enjoy their greatest affluence in areas where 

confusion is highest and knowledge and understanding lowest. Color 

harmony at this state is particularly susceptible to rule making. If 

through the present study it is possible to expose the concept of color 

harmony more openly to the light of professional scruitiny, the purpose 

will have been achieved. By bringing about a more complete mastery of 

color meaning in art, the study will help to cancel the need for super-

ficial and usually notoriously incomplete rules which have heretofore 

contributed more to causing confusion in color than has been resolved. 

Hardly is anything written about color harmony that some mention 

is not made of its relative state of misunderstanding and incompleteness 

or its unruly complexity. Many artists, and some writers, pass harmony 

off as being unimportant to art, thus avoiding the frustrations and 

problems imbedded in the subject. Yet, practically anyone who has 

ever taken up the study of color has sooner or later turned to the 

aesthetics of color and to color harmony. 



.CHAPTER II 

,THE MEMING(S) OF COLOR HARMONY: 
A REVIEW OF THE LITERATURE 

The evolution of meaning in the term color harmony runs coinci-

dental with the history of art. Yet, the occasions where artists 

have helped to shape the language of harmony are few. The study of 

color is an amorphous discipline (Sloane, n.d.) which spans the 

fields of art, philosophy, language, physics (and metaphysics), 

physiology, psychology, sociology, business, and education. The 

language of color harmony is a language of all of these; thus, the 

language domain for each new vocabulary that wants to define color 

harmony goes beyond art. Birren (1937) wrote: 

Countless theories of color harmony exist . . . . 

There are rituals of color in the schools of the 

old masters. There are books and color systems, 

color solids and gadgets of every variety. Back 

of all this is the ambition and conceit of men to 

search out the fugitive secrets of beauty and then 

pin them down to fast rules (p. 77)-

The story of the development of meaning in color harmony is 

replete with definitions, a good many of which fail on a single point; 

viz., color harmony is a process and not a product. In art, a product 

never exists, for once it does exist, it no longer fits our definition 

7 
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of art. Color harmony defined as a color scheme, for example, says 

nothing about the internal process of perception which gives the 

term its viability. But, knowing that color harmony is a process 

assists its study; it does not guarantee its understanding. To 

paraphrase Barnes (1937): It is analogous to being familiar with the 

grammar and vocabulary of a language which makes speech possible 

but does not in the least guarantee that anything said will be worth 

listening to. Therefore, a survey of the literature on color harmony 

reflected some judgment about what was and was not to be reviewed. 

Color harmony was traced from its origin in ancient writings to 

the present. The l8th and 19th century influences of science and in-

dustry on the meaning of the term and the problem of the multifarious 

nature of the concept in many fields, added to the body of literature 

on art and other aesthetic concerns of harmony, were part of a compre-

hensive review undertaken to learn the history of color harmony before 

proceeding to identify its specific definitions. 

Antiquity 

We are delighted with harmony, because it is the 

union of contrary principles, having a ratio to 

each other (Aristotle, cited in Audsley, 1922, p. 17). 

Almost certainly color harmony was a working concept in art 

before it was a theoretical one in the literature; but exactly when an 

awareness of the affective response to color first began is not known. 

Seybold (1976) speculates that human use of color dates back 150,000-

200,000 years. Fifteen thousand years ago it was being applied to 



cave walls in a conscious attempt to represent experience. However, 

despite our perceptions today of those colored earth pigments against 

natural stone as harmonious, there is no evidence of any artistic 

use of color at all; and it is unlikely that color theory played a 

part in its earliest application. 

Age of Arcana 

By 2500 B.C. higher attitudes toward color usage had developed. 

Colors began to take on identities and to "be of themselves a kind of 

language; thus, the earliest meanings of color are thought to have 

been largely symbolic. 

The earliest literature on color, the Papyrus Ebbers, dates to 

1500 B.C. Its discovery and translation (Ebbers Papyrus, 1937) 

confirmed a longstanding visual evidence of the importance of color 

in the liturgies of Egyptian mysticism. 

The Hindu Vedas and the Upanishads of the 7th century B.C. have 

much to say on the symbolic use of color, as do many of the early 

writings of the world's other great religions. The Book of Exodus, 

which prescribes the service garments of Aaron, lists the five colors— 

gold, blue, purple, scarlet, and "linen"—in what is perhaps the first 

color scheme. The harmonious effect of these colors, whose undeniable 

beauty seems, in modern context, to be inescapable, was surely 

apparent then as well. 

Gradually the art of the civilized world began to create a com-

pelling evidence that the beauty of color, as well as its symbolism, 

was important also, at least in the mind and eye of the practicing 

artist. Euphranor (fl. 36k B.C.)., a painter and sculptor, is said to 
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have written about color in art (Pliny, 1896). Further on, somewhere 

around, the Uth century B.C. and coincidental with the exploration of 

the philosophical implications of all things natural, an intellectual 

examination of color began to take shape. Thoughts on the origin of 

color were added to the existing views of color as a beautiful but 

abstract and arbitrary communicating device, vis a vis symbolism. 

Symbolic color became scientific color in a move to resolve the 

duplicity of color meaning found jointly in the definition of its 

origin and the description of its enjoyment. 

As early as the 5th century B.C. the Greek philosopher Empedocles 

(c. 1+95-c. U35 B.C.) maintained that color was a quantity perceived by 

the eye and not the property of objects (Evans, 1973). The debate 

about the nature of color continued into the 3rd century B.C. 

(indeed, it still continues today); Epicurus (3^1-270 B.C.) supported 

an intromission theory of vision which stated that sensations were 

due to effluxes and images issuing from the surfaces of things. 

Euclid (fl. 300 B.C.) favored the emission theory point of view 

(Trevor-Roper, 1970). 

Harmony. The term harmony in its broad, philosophical meaning 

was an important part of the classical Greek world view. Euripides 

(c. U80-^06 B.C.) spoke of harmony in nature and equated it with 

universal order (Cott, I9U0). Meanwhile, Roman historians told of 

one Polygnotus (fl. ^80 B.C.) who expanded the ancient traditional 

Greek palette of black, white and red to include the color yellow 

(Trevor-Roper, 1970). These two scant pieces of information, the 
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philsophy of Euripides and the palette of Polygnotus, were the incip-

ient materials of a color harmony concept; that is, (a) harmony as 

a defined philosophical idea and (b) historical evidence of concern 

for expanded color use in art, in the same culture and at about the 

same time. Birren (1961) has said that the Greeks identified color 

with universal harmony, but exactly when and how such identification 

took place he does not say. 

Color harmony. Pythagoras (c. 528-c. 507 B.C.), Democritus 

(c. h60-c. 370 B.C.), and Plato (U27?-3^7? B.C.) all held color 

theories more or less relevant to art; but it is thought to have 

been Aristotle (38H-322 B.C.) who first attempted to assimilate the 

theory of color to that of harmonies (Aristotle, 1973). However, 

despite his intense interest in the subject of color (Aristotle, 1906, 

1913, 1936), he evidentally left no laws regarding color in art, which 

is surprising in view of the Greek predilection for the formulation 

of rules of aesthetics: 

There "was invented a canon of the proportions of 

the human form, and not a canon of the harmonies 

of colours. Proportions were considered as lavs 

. . . but harmonies of colour were treated only 

"by sensibility (Venturi, 196k, p. 55). 

Therefore, the origin of the concept of color harmony probably 

had its philosophical formulation before the turn of the millennium 

in the ideas of the Greeks, the sources of the earliest writings to 

be identified with the subject* The implications of its use, however, 

were not recorded until much later. 
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Readings. Cicero (IO6-U3 B.C.)* Pliny (A.D. C. 23-A.D. 79) 5 

and Ptolemy (fl. ikO A.D.) all wrote on color. Additional literature 

on various other attitudes toward the use of color in antiquity is 

in Abbott (19^7), Birren (1965, 1969a), Blanchford (19^9), Hellman (1967), 

Hiler (1935), and Venturi (196U). Walch (1979) shows some of the early 

typical color schemes of the ancient cultures. Works specifically on 

the color concepts of the Greeks are by Bruno (1977) and Osborn (1968). 

The Development of Color Harmony Meaning 

Unity in painting is produced when a variety of dif-

ferent colors are harmonized together . . . . "When 

these colors are laid on flashing and vivid . . . , 

as was formerly the wont with some painters, the 

design becomes marred (Vasari, cited in Protter, 1963, 

p. 52). 

The period of time from the collapse of the Greek Empire to the 

middle of the 17th century forms a unique segment of the literature 

on color harmony because of its incongruity. From virtually no in-

formation about color use, color harmony theory emerged thoroughly 

published in less than five hundred years. And what was not shown 

to have been already known of today1s concepts was inferred. 

Illation A.D. 

No literature on color which can be applied to the development 

of meaning in color harmony survived the first part of the new age. 

As a working art principle, color harmony continued into the Gothic 

era (Abbott, 19̂ -7); but evidence of a theoretical meaning is sparse. 
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Theophilus (fl. 1120 A.D. ) (1979) mentioned the art of color 

composition and "blending" of colors; Thomas Aquinas (,1225?-12710 

was known to have had a harmony theory but, like Aristotle, gave 

no directions toward its use (Gilson, 1957); and Cennini (c. 1370-1^0) 

was aware of the character of colors and the difficulty of their 

accord (Cennini, 1930). Nevertheless, in an age known to be a period 

of recipes in art, no rules for color harmony have been discovered. 

Renaissance. The first modern treatise on the theory of color 

in painting was by Alberti (lUo^-1^72) (1966). Completed in 1^35-1^-36, 

Alberti's book revealed a sense of awareness of the effect of con-

trasting color; and he spoke of color chords and the affective use 

of color ("There is a certain friendship of colours,5' 1966, p. 85). 

His treatise was widely distributed in his time and became a chief 

source of later treatises on the art of painting, including works by 

Filarete (1896) in ll*60, and Piero della Francesca (1910) about 1^85-

Alberti was among the first to advocate a shift from a philosophical-

symbolic purpose for color in art to a more expressive, aesthetic 

point of view. 

Leonardo da Vinci (J.U52-1519) knew Alberti's book and used it to 

develop a number of parallels in his own treatise on painting (l835) -

Although Leonardo's book was apparently compiled from his notes after 

his death, it is thought to accurately represent his views, including 

a section in the treatise on color harmony and contrast of colors in 

which he very accurately describes the phenomenon of simultaneous 

contrast and the effects of color interaction in the visual process. 
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Vasari (1511-157U) defined color harmony as unity in variety; 

and he, too, understood the nature of color interaction as a determi-

nant in color appearance (Protter, 1963). Whether the knowledge was 

new with Vasari or whether it was a repetition of Leonardo's concept 

or that of others of his time is not known. 

The astounding clarity of the statements on the affective use 

of color contained in the Renaissance treatises leads to the conclu-

sion that the foundations of modern color composition date from this 

period in history. Renaissance color was largely a process of sensi-

bility, as it had been in antiquity, and it functioned without 

elaborate organizational schemes. But the important step of applying 

color for purely aesthetic reasons had occurred somewhere leading up 

to or during events of Renaissance painting. The scarcity of litera-

ture in art during the first 1,000 years A.D. is a serious interruption 

in the chain of events and personalities which may have contributed to 

the conclusions of the first color treatises having to do with color 

harmony. 

Baroque. Rubens (l5T7-l6^0) is said to have written a treatise 

on color, but it has since disappeared (.Gage, 1969). The philosopher-

scientist Descartes (1596-1650), a contemporary of Rubens, also 

advanced theories on color (Birren, 1961). The most important litera-

ture affecting color harmony meaning in this period, however, was the 

158<̂  treatise of Lomazzo (1969). In his book lengthy discussions of 

color revolve around the elements of agreement and disagreement of 

colors seen together. Lomazzo's conclusions are perhaps the earliest 

report of empirical research on color harmony. 
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Boschini (1613-1678) gave the greatest richness to the meaning 

of color in the 17th century when in 1660 he wrote: 

As regards colouring, here are the "essential ideas." 

One works by impasto, and it is a foundation—that is 

to say it serves as a sketch; by spots, and it is a 

manner—it serves to liberate you from natural objec-

tivity, by union of the colours, and it is tenderness 

of shading; by tinting or flattening, and it is the 

distinction of parts—that is to say, it makes them 

stand out; by raising and lowering the tints, and 

this is rounding or volume; by the rapid touch, and 

it is boldness of colour—this is the art of tone; 

by veiling and this means retouching to unite more 

completely, for chromatic harmony (cited in Venturi, 

196b, p. 127). 

Even for its awkward phrasing, in this theory of color harmony is 

recognized the substance of much that was to follow in the way of 

color experimentation in the art of the 19th and 20th centuries. 

The long established philosophical concept of color harmony had, 

by the end of the 17th century, obtained its aesthetic definition, 

although it was not to be called aesthetic until later. Ideas like 

tonal attraction, complimentary colors, interaction of color, and the 

affects of shape and placement on color, plus color schemes and the 

use of color as a nonobjective, expressive element, were part of a 

general working knowledge of color which lacked nothing except a way 

of communicating verbally its meaning as a total concept. 
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Readings. A general reference on the color attitudes of artists 

from the lUth to 20th centuries is Goldwater and Treves (1971)• A 

similar work on artists1 opinions from the 12th century forward is 

Protter (1963). Gage (1969) includes a concise and illuminating 

overview of post-Renaissance color harmony. Leonardo's notebooks (1938) 

are valuable color references, as is Van PuyveldeTs (195̂ -) discussions 

of the color of Rubens. Merrifield (18U9) is the definitive work on 

original art treatises dating from the 12th to l8th centuries, 

including the treatises of Vasari (.1907 9 1912-1915)• 

Systematic Color Study: The First 
Division, Color Analysis 

We conclude . . . that there are six distinct har-

monies of colours, comprised of two kinds (Chevreul, 

18395 cited in Chevreul, 19675 P- 106), 

The developing meaning of the term color harmony, as with all 

meaning, is inextricably linked to the cultural, religious, and 

socio-economic conditions of civilization. It is an outcome of the 

evolution of thought and of the applications of knowledge. 

The l8th century was a period of intense scientific inquiry 

and unprecedented technical growth. The church-supported hold of 

Aristotelian logic (Simon, 1971) had been loosened by this time, 

opening the way for a renewed spirit of inquiry not previously 

tolerated. 

Isaac Newton the physicist, Rickey (1967) estimated the systematic 

study of color to be about two and one-half centuries old, Robert Boyle 

(.1627-1691) was among the first to publish experimental evidence of the 



17 

behavior of light in 1670 (1738). His regard for color as the province 

of art (Birren, 1965) ̂ a s hardly been equalled in a scientific work. 

The famous experiment of Newton (l6k2-lj2j) with the refraction of the 

sun's light occurred in l660; the research was completed by 1666 and 

published in 170U (1952). They, Boyle and Newton, ushered in the begin-

ning of the science of color. Color identification and quantification 

became important adjuncts to color use and, along with symbolism, 

philosophy, and beauty, grew to be another branch of meaning for color 

harmony. 

But the roots of the term remained in art. LeBlon (1667-17^1) 

reflected the growing interest in color systematization in a book in 

1725. Thought to be the first work specifically on "rules" of color 

harmony, its contents were in marked contrast to a 1696 treatise of 

Da Costa (1639-1712) which spoke of sympathies and antipathies of color 

harmony in the language of an earlier era. 

William Hogarth (1697-I76U), an artist noted for his harmonious 

use of color, also picked up the increasing interest in an analytic 

approach to color study, naming seven scales of five principal colors 

in part of an elaborate theory of beauty in 1753—an idea, incidentally, 

anticipated by Leonardo. 

Newton had diagrammed the first color circle and suggested a color 

organization scheme. Moses Harris (l731?-1785•) (1963), however, is 

believed to have published the first color wheel in full color in 

1766 (Kelly, 196U). 

Goethe the poet. The unsuccessful challenge by Goethe (17̂ -9-1832) 

of the theory of color set forth by Newton is well known. The Goethe 

treatise (18U0), which first appeared in 1810, criticized Newton's theory 
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and traced a direct connection to the philosophical color concepts of 

Aristotle, including Aristotle's general theory of the origin of color. 

Goethe's Farbenlehre, a curious blend of the new science and the old 

mysticisms, was written from the perspective of a sensitive and bnllant 

artist, a poet. Despite a lack of success as a sound theoretical 

treatise, the "book is, nevertheless, a landmark in color literature. 

It revived a credibility in the aesthetic meaning of color while demon-

strating that scientific and artistic definitions could be compatible in 

describing color in art. Of all his many writings, including his prose, 

Goethe considered his work on color to be the most important. 

Runge (1777-1810) (1959), who knew Goethe, introduced the concept 

of a spherical color solid in 1810 as a means of color systematization. 

Sir David Brewster (.1781-1868) (.1939), meanwhile, advanced the theory of 

red, yellow, and blue as primary colors in 1831, after Thomas Young 

(1773-I829), but with artistic interpretation. Unlike Young, Brewster s 

interest in the primaries extended to their use as well as their scientific 

description. Thus, by the year 1831 the color wheel, the spherical color 

solid, and the primary colors—as most people understood them—had been 

proposed. In these three things were the materials of a systematic color 

harmony. 

(It should be noted here that the treatise of Leonardo, often cited 

for its influence on color use, was not published in a modern edition 

until 1817, having been lost for over 300 years. Although most of the 

material in the treatise was also in Leonardo's notebooks, the treatise 

itself was not available before the 1817 date. Its appearance in that 

year could conceivably have triggered a new wave of interest in the use 

of color in art.) 
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Visual evidence of concerns for color harmony by artists of the 

past is, by and large, circumstantial, for most artists leave no written 

theories or descriptions of their coloring methods. However, color has 

always been at the center of art criticism; and the literature occasion-

ally will call attention to a particular artist or work of art known for 

its color. Correggio (1^9^-153*0 was believed by Vasari to be the 

greatest practitioner of color in his time. Before him, the Van Eycks, 

Fra Angelico, Piero della Francesca, Botticelli, Giovanni Bellini, and, 

of course, Leonardo may be mentioned. Tintoretto called Titian (c.lU87-

1576) a master of color, a remark echoed by Roger De Piles (17^3). 

Titian's painting "Bacchus and Ariadne" (1523), now in the national 

Gallery of Art, London, is regarded as perhaps the best early example 

of intelligent color use (Gage, 1969). Rubens is frequently mentioned 

in connection with color use. Reynolds (1965) in 1797 commented on the 

harmonious coloring of both Titian and Rubens. John Ruskin's (l873) 

"seven supreme colorists" included Titian but not Rubens. He 

also named Veronese, Tintoretto, Correggio, and Giorgione, who, like 

Titian, was a student of Bellini. Reynolds and Turner of a later period 

completed Ruskin's list. 

Rembrandt (1606-1669) was heralded by Sandard C1675) for his 

characteristic color harmony, one of his "salient" attributes (cited in 

Protter, 1963). The distinctive harmonious palette of Vermeer 

(Goldscheider, 1958) was a product of the same age. El Greco (l5^1-l6Ul) 

made a distinctive contribution to the use of color. 

The first half of the 19th century in art was dominated by the 

color genius of J.M.W. Turner (1775-1851) and to some extent by Constable 
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and Corot, each a colorist of remarkable accomplishment. Through Turner, 

and later Delacroix, the method of color harmony as an independent 

expressive element reached new levels in the consciousness of the artist 

and viewer. Turner's preference for "prismatic" color compositions were 

unequalled in brilliancy of tone until Monet. The early influences of 

Rubens and Titian in Turner's work has been pointed out (.Gage, 1969); and 

his interest in the writings of Goethe, plus his own theories of color 

use are well documented (.Butlin, 1929> Gowing, 1966; Rothenstein & Butlin, 

196k). The essays of John Ruskin (1873) contain critical accounts of 

Turner's art written in his own time. 

Hogarth once said that France had never produced one remarkedly 

good colorist (cited in Protter, 1963). Diderot, considered by many to 

be the best of the l8th century critics, went further by saying there 

had been few great colorists at all. Ccited in Venturi, 196^). But 

color events of the l800's were to render both statements obsolete. 

Chevreul the chemist. In 1839 Chevreul, a French chemist (.1786-

1899), published his epic-making work on color harmony, thereby continu-

ing the drive toward scientific domination of its meaning, Chevreul 

intentionally sought and discovered a law explaining the phenomenon of 

simultaneous contrast, which had for so long been the interest of color 

theorists. His observations on the harmony of colors, meanwhile, 

represent a model in empirical research. Most students of color are 

agreed that modern methods of color harmony trace their theoretical 

origin to Chevreul (.Birren, 1965).. His laws of the harmony of analogy 

of colors and the harmony of contrast are recognized in every system of 

color use developed to the present; thus, Chevreul, who was working on 
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problems of dye constancy at the time, unintentionally became the single 

most important figure to undertake a study of color harmony. Not only 

did he add substantially to the meaning of color harmony, but entire 

movements in art were later formed on the basis of his writings. Many 

artists and teachers today still unknowingly adopt the harmony techniques 

he outlined in 1839 and introduced in English in 185^* 

Delacroix the artist. Delacroix (,1798-1863). read Chevreul and 

knew his theories well (1961). Through Delacroix, from Chevreul, a line 

of color harmony theory can be traced to the Impressionists and to the 

Neo-Impressionist techniques of Seurat, Signac, and Cross, Chevreul, 

Delacroix, and Turner constituted the foundation of modern color 

expression. 

Readings. Other writings touching on the subject of color use in 

this period are by Bardwell (1756); Cromwell (17311* who reviewed 

LeBlon!s theories; Lairesse (1817); Mengs (.1783); Piles (17^3); and 

Schiftermuller (.1772). Piles was among the first to note that beauty 

lies as much in color as in drawing—a severe blow to classical 

tradition. Interesting critical viewpoints are in Reynolds (.19.651? who 

had much to say about color harmony and used its meanings as a key part 

of his discussions of the practice of art. Other perspectives are in 

Richardson (1969) and Rumford (l802), the latter concerning "principles11 

of color harmony. 

Writings relevant to the color theory of Goethe are numerous. 

Much less is known about Runge whose untimely death tragically ended his 

career as an artist and color theorist. Other works contributing to 

color harmony meaning during the first part of the 19th century are by 
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Cawse (1829), Field (18U5)9 Hayter (1826), Merimee (l839)> and the 

philosopher Schopenhauer (1891)• 

Chevreul's continued interest in color harmony after 1839 

appeared in -works published in 1855 and 186U. The original treatise 

of 1839 was republished in 1899 in celebration of his 100th birthday. 

He died at the age of 103- Concerning Delacroix, Baudelair (19^7) 

gives a poetic insight into this French artistTs investigation of 

color. 

Systematic Color Study: The Second 
Division, Color Vision 

Our natural delight in colours . . . has but little 

to do with man's sense of art; it only appears as 

the natural pleasure of the perceptive organism in 

the varying and multifarious excitation of its 

various nerves, which is necessary for its healthy 

continuance and productivity (Helmholtz, l88l, cited 

in Warren and Warren, 1968, p. 163). 

After the publication of Newton's Optiks, there followed a wave 

of analytical works which sought to integrate the facts of the new 

color science with the Aristotelian logic of color sensibility. Each 

new system of color harmony organization which appeared had its list 

of advocates and detractors. Some theories were more lasting than 

others; but nearly all of them, in the wake of Newton, adopted a 

concept of harmony which submitted to the idea of natural law and 

order in the harmonious combination of colors. Chevreul had demon-

strated the possibilities, and new experiments in color vision were 
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inevitable. Where the first era of the systematic study of color 

began with Isaac Newton, a physicist, at the start of the l8th 

century, the second epic dates to the l850's and to H. L. F. von 

Helmholtz, a medical doctor (Cohen and Gordon, 19^9). 

Heimholtz the physician. Helmholtz did not write about color 

harmony in his treatise on optics (l866). The treatise is the defini-

tive work on the physiology of the eye and the mechanics of vision 

which confirmed the ever emerging reality that color was a perceptual 

phenomenon—a mental science as Maxwell put it (cited in Rood, 1973)• 

But Helmholtz did write on color in art elsewhere (1962), revealing 

a good knowledge of the problems of the painter in the affective use 

of color. 

With the encouragement given by Helmholtz's interest in color, 

color theorists began to widen their investigations of color harmony. 

But few were immediately successful in expanding the meaning of color 

harmony beyond its analytic definitions of the early l80Q's, The 

new wave of color harmony theories added little to the findings of 

Chevreul and did not begin to integrate the important physiological 

data summarized by Helmholtz. 

The difficulty of the task of integrating the new vocabulary of 

color into the mainstream of artistic thought was demonstrated in the 

literature. Blanc's book (187U), for example, was a haphazard collec-

tion of vocabulary and an ideal reflection of confusion regarding the 

definition of color use. Venturi (196I4) wrote about it: 

The historical experience of art is distributed in 

a systematic manner, but in which the lack of any 
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dominating thought is astounding. It deals with 

classification of manners, -without profound con-

viction and without artistic sensibility (p. 221). 

The scientific predilection for classification crept into all phases 

of art, in many instances without any purpose except to satisfy the 

analytically curious. Newton, Helmholtz, Chevreul, and, to a large 

extent, Goethe were scientists well schooled in the ability to system-

mat ically define their observations. Many of those, however, who 

sought to similarly define color harmony and apply its meaning to 

art were not as well trained; and the concept of color harmony was 

very nearly lost as a result. 

The layman and the literature. A good amount of what transpired 

in color theory under the aegis of science lacked development. The 

same thing occurred in art. Directly after Helmholtz, the field of 

color study was soon crowded with all manner of theories representing 

lay opinions in a host of directions. Much of the literature on 

color in the latter part of the 19th century was, in the humorous 

wording of Henry van de Velde: 

incomplete and inevitably suffering from the 

haste of arriving first and from the poorly es-

timated intake of breath for the first bugle 

T?ca,ll to arms" of the new formulae (cited in 

Homer, 196U, p. 122). 

In 187̂ -5 Bezold (1876) sought to simplify the growing complexity 

of color vocabulary in a book aimed at the "unprofessional" reader, 

an appropriate gesture since Bezold himself was neither a scientist, 
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aesthetician, art historian, or artist. The result is a less than 

totally successful summary of Chevreul's theories interpreted in an 

atmosphere of naturalistic color use which was much in vogue in the 

romantic 19th century. In the idiom of color science, he recounted 

the "rules" of harmony. The important difference in BezoldTs work, 

however, from that of his contemporaries, was a dependency of meaning 

for color on the writings of Bruecke, a psychologist. 

The experimental study of perceptual response to color stimuli 

was a relatively new idea in the l800!s. It was conceded that certain 

colors looked better together than others, but why they looked better 

only gradually had become a pertinent question. Eventually, however, 

color harmony came to be no longer the province of just art and 

philosophy; and the literature pertaining to meaning in the term was 

spread generously over many disciplines. 

The Amorphous Field 

Hobbes is commonly credited with laying the foundations of 

modern psychology in the 17th century. Almost immediately afterwards, 

the field branched off into separate "schools." However, the fairly 

recent development of the field notwithstanding, Aristotle's De Anima 

is often considered the first psychological treatise. 

Aesthetics, meanwhile, is a branch of philosophy which is 

concerned with the nature of art and the criteria of artistic 

judgment. Baumgarten is believed to be the first to use the term as 

a new science in the field of artistic knowledge (Venturi, 19.6U). The 

classical concept of aesthetics, though, was formulated by Plato and 

developed by Aristotle, possibly having its original formulation as 
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far back as Pythagoras (Eysenck, l^lb). Nevertheless, the principles 

of aesthetic judgment lacked scientific organization until the middle 

of the l8th century when Baumgarten identified the science of 

aesthetics (Gilbert and Kuhn, 1939). 

Physics is a quantitative science concerned with the description 

and measurement of natural phenomena. In color, it is the branch of 

optics in physics which is of general interest. Physiology is a 

branch of biology which deals with the functions and activities of 

life or of living matter; physiological optics, meanwhile, describes 

the joining of a branch of physics with a branch of physiology to 

create a new field of study, which, incidentally, since Helmholtz 

has undergone rapid development. 

Thus, it is not difficult to see from the list of diverse parti-

cipants in color investigation how meanings of terms may become 

confused. Many other separately identifiable fields of study associ-

ated with color research exist besides those named, but the problem 

of specialization of meaning can be easily illustrated by referring 

to a few hybrid sciences. 

Psychophysics. Fechner was among the first to study the per-

ceptual organization of color (Fechner, 1966). His impact on the 

scientific study of color organization has been extraordinary. Many 

of the color harmony concepts connected with order and precise measure-

ment of color intervals of appearance originated with Fechner. The 

psychological importance of shape and spatial configuration in color 

study were also part of his early investigations. The work of Wundt 

(1892) and Bruecke (.1866, 1867) did much also to prepare the way for 

later psychophysiological investigations of color. 
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Physioaesthetics. 0. N. Rood published Modern Chromatics in 

1879. Written by a scientist, the book was probably the most impor-

tant work up to that time to attempt an integration of meaning 

between the color definitions of science and those of art. Birren 

wrote: 

Rood was a remarkable man with broad knowledge, 

rare insight, and exceptionally keen powers of 

observation. He was one of the leading American 

physicists of his day, a pioneer in the new 

science of physiological optics—and an artist 

at heart ..... What Rood was able to do with 

rare skill was to interpret scientific data in 

terms that could be understood by an intelligent 

artist (cited in Rood, 1973, pp. 39, 76). 

Events of the late 19th century marked an interesting place in color 

literature. Rood was the first American writer of note to address 

the topic of scientific color in art. Largely ignored in America, 

however, he gained his highest prestige in Europe where he was probably 

the most significant of all influences on the French Neo-Impressionists 

(Birren in Rood, 1973). Moreover, Rood's entry into the literature on 

color in the manner in which he chose, as a simple textbook of color, 

was clearly commentary on the disjunctive state of color meaning near 

the turn of the century. Vanderpoel (1902) observed that his work 

would greatly help "all description of color harmonies" (p. Ho). 

Meanwhile, Thomas Edison produced the first commercially practi-

cal incandescent lamp in 1879. An invention of unparalleled 
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significance to the study and use of color, artificial lighting 

became in itself a new world of color experience (cf. , Luckiesh, 1931) 

not unlike color television in this era for its unique visual 

impact. 

Psychophysical aesthetics. Henry (.1888, 1889) prepared elaborate 

measuring devices aimed at producing affective color combinations 

through a strict mathematical approach to sampling of a well defined 

color space; i.e., a geometric color solid. His instruments attracted 

considerable interest in Europe, especially that of the painter Seurat. 

Thus, yet another vocabulary—that of psychophysical aesthetics was 

added to the growing language of color harmony definitions. 

Readings, numerous works are available to describe the origin 

of psychophysics and the role of Fechner in applying its techniques 

to the study of color. The best source of information on Rood, other 

than his book, is the 0. N. Rood Collection at Columbia University 

where work continues on the classification of his life's effects. A 

recent appraisal of psychophysical aesthteics is that of Argtlelles 

(1972). Other studies on color harmony worth mentioning in this period 

are by Church (1887), Hughes (1883, 1885), Sully (1873), and Sutter (l880) 

who prescribed 167 rules of color use. 

Proliferation of Meanings 

Art is harmony [which is] the analogy of opposites, 

the analogy of similar elements of value, hue, and 

line (Seurat, l88G, cited in Homer, 1967* p- 156}. 



29 

The eye demands approximate balance and resents 

unbalance in proportion to the effort it makes 

to regain equilibrium. Color arrangements, 

which preserve it, we call harmonious (Munsell, 

19U6, p. k3) 

Concurrent with the expansion of color study into sepcialized 

fields, a relatively new communication device called the periodical 

appeared. The American Journal of Psychology, for example, began 

in November of 1887. The first article concerned with the affective 

use of color was by Kirschmann (1892), which was a psychological re-

cycling of the principles of Chevreul and Fechner but with a suggestion 

of new perceptual consequences of color that neither had previously 

addressed. 

Raynal (1950) was one to observe that a great many small reviews 

and journals made their appearance from 1885 onward and did much to 

disseminate the avant garde theories of the day. Almost everyone 

with an opinion, who could present an idea in literate fashion, was 

assured a forum. Consequently, great quantities of information on 

color harmony exist, some of little value to the problem of defining 

the term but, nevertheless, a part of the potpourri of post-1900 

color literature. 

During the period 1890-1895, studies in color perception and color 

harmony were very much a part of university research. Harvard, the 

University of Wisconsin, Leland Stanford University, and Prang Normal 
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in Boston were all active. Rood's "textbook on color had suggested the 

importance and potential of color as part of the educational curriculum, 

adding another avenue for the dissemination of color meaning. Prang, 

Hicks, and Clark (1893) defined a course of study for color in a hook 

-which today hears a remarkable resemblance to the way in which color is 

still taught in many grammar schools, (it may be added that a further 

motivation for the book was to introduce educators to the use of Prang 

coloring materials and charts,) Despite their oversimplified approach 

to analytical color harmony, Prang, ei at., was a significant entry into 

the color literature because the book recognized the need for shaping 

the color perceptions of the child as the starting point of a color 

instruction. 

Color Harmony in Art, eivea 1880 

The tremendous upheaval of the art world in the latter part o± 

the 19th century did much to intensify the study of color and vice 

versa. Technological advances, such as the manufacture of prepared 

colors, released the artist from the confines of the studio to paint 

outside. When Monet painted nAn Impression: Sunrise/1 he ushered in 

Impressionism (Taillandier, n*d.); and, when he painted "Poppy Field 

Near Givernyn in 1885, scientific symbolic color was born (Seitz, n.d.). 

Art had succeeded in aligning itself with scientific fact. Visual 

proof of the laws of color harmony was created, but so much of the 

meaning of the term had been lost or corrupted by then that few people 

appreciated MonetTs discovery at the time (Bezold, 1876; Hoopes, 196U; 

Vanderpoel, 1902). 
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Delacroix had sought to return to the philosophies of painting 

as an expressive medium, an idea which had for the most part slipped 

from view in the Academy—directed work of the 19th century artist. 

Scientific color theory was a new material which the artist could use 

to liberate color and to express it as light rather than object surface. 

At the age of 19, Georges Seurat read Chevreul (Raynal, 1950) 

and from Chevreul, Rood, Blanc, and Sutter the theory of Neo-

Impressionist color took shape (Birren in Rood, 1973). Concerning the 

influence of Chevreul on Seurat, Seuphor (1958) wrote: "The germ of 

an idea can have astonishing results in domains for which it was not 

intended, nor, at first sight, appropriate" (p. 86). Throughout Europe 

"pointillism" "became a target for the discussion of the merits of 

analytical color harmony. Homer (196U) and Rewald (19^6) have summarized 

these discussions, including accounts of the work of such artists as 

Signac, Jonkind, Sisley, and Pissarro, as well as Seurat, With the un<-

timely death of Seurat, whose career lasted barely 10 years, the 

movement ended. 

Meanwhile, the synthesis of other color harmony meanings, besides 

the wholly scientific, were being explored in art. The Postimpression-

ists, made up of artists like Van Gogh, Gauguin, and Cezanne, were 

exploring the more personal, inner meanings of color in which the 

power of color association and attitude took precedence over purely 

scientific concerns. The rapid change of events in color expression 

during this period in art has been characterized by Selz (1963) as the 

historic revolution in painting in "three acts," (a) Impressionism, 
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(b) Neo-Impressionism, and (c) Pre-Fauves, vis-a-vis Vlaminck, et at., 

to which a fourth act, that of Postimpressionism, may be added. 

The meaning of color harmony is shaded by the intellectual and 

professional bias of its investigation; that is, to the psychologist, 

psychophysicist, educator, artist, etc., color harmony meaning has 

been, by and large, a consequence of the ideas of the strongest 

personality to enter the domain of color theory in each age. Thus, 

from Aristotle's time onwards, meanings shifted with, each new trend 

in color study. By the beginning of the 20th century, the competition 

to add new knowledge about color had expanded to such a degree that 

each competing discipline and sub—discipline had its own personalities 

and its own vocabulary and lexicon of color terms. 

The Subjective Idea 

Reviews of Fechner's principles of aesthetics began to reappear 

early in the 20th century in connection with the study of affective 

color response (Martin, 1906). Many of his views were rediscovered by-

researchers who lacked knowledge of the full scope of Fechner's work. 

Meanwhile, Schopenhauer is said to have first described color as a 

sensation (Jacobson, 19^8; Sloan, n.d.h and Wundt, who is credited 

with first separating sensation from feeling in psychological 

discussions (Hollands, 1906), apparently coined the terms objective 

and subjective relative to feeling. In any event, these terms, 

sensation and subjective and objective feeling, became the generic 

classifications of the modern meanings of color harmony. 

Cohn (189^) was among the earliest to seek a relationship between 

color preference and color harmony (Eysenck, 19̂ +la). Findings by 
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Major (l895) quickly followed, and the idea of the measurement of 

human personality in the choice of color combinations soon produced 

a personality-favorite-color syndrome that immediately began a new 

phase in the search for color harmony meaning, that of subjective 

meaning. 

(The irony of color preference studies has always resided in their 

inconsistencies. Great effort has gone into proving that certain colors 

will always produce certain affective responses in the viewer; e.g., 

that there is a general preference in the population for the color blue. 

At the same time, equally sincere studies have produced evidence that 

certain personality types see colors differently. Indeed, the latter 

hypothesis forms the basis for many so-called personality tests which 

use color as a method of personality testing; cf,, Luescher, 1969-) 

The traditional theory of affective color response states that 

everything either pleasant or unpleasant in varying amounts——the 

core of Hedonistic aesthetics. An alternate view is the tridimensional 

theory of aesthetic response which says that, in addition to pleasant 

and unpleasant reactions, we may also be indifferent. Several studies 

on color in the early 20th century were devoted to examining these two 

theories using color harmony as the test vehicle. E. B, Titchener (1910) 

investigated pleasantness and unpleasantness thoroughly, as did 

Hayes (1906) and, to some extent, Fernberger (191*0 • Also on this 

subject see Norris, Twiss, and Washburn (.1911); Crawford and Washburn 

(1911); Clark, Goodall, and Washburn (.1911); Bacon, Rood, and 

Washburn (191*0; and Potter, Tuttle, and Washburn (191*+) • 
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Unfortunately, many such studies had. as their stated hypothesis 

the assessment of color harmony, when, in fact, they were usually 

testing the effects of such variables as physical fatigue and prolonged 

fixation on the perceptual mechanism. The relevance of these studies 

to the field of color is not in question, but they did have the 

combined effect of further dispersing the meaning of color harmony by 

trying to define physiological functions in terms of color perception. 

An important step was taken toward the classification of color 

harmony meaning by Bullough (1907a, 190Tb, 1910), who sought to 

categorize perceptive types of response to color harmony into objective, 

physiological, character, and associative types. The groundwork set by 

Fechner and Wundt was thus expanded to include a variety of possible 

meanings under the subjective heading. Evidence of Bulough's research 

is found in most current definitions touching on color harmony and is 

clearly one of the best early attempts to pool the various definitions 

of affective color response into a unified aesthetic principle. The 

research also pointed to an apparent need for categories of meaning for 

color harmony at an early date. 

Thus, by 1910 the potential for a newly arranged color harmony 

vocabulary existed. The impact of psychology on the study of color had 

equalled, if not eclipsed, that of the physical sciences; and the pre-

dilection of psychologists for invented terminology did, in this case, 

facilitate the understanding of harmony meaning. 

The Objective Idea 

Concurrent with the new subjective definitions of color harmony 

was the ongoing influence of science and the "objective" approach. In 
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1905 Munsell introduced his new color system. Never before was a 

synthesis of objective color knowledge so complete relative to color 

harmony. An artist of some ability, Munsell was a teacher and also 

understood the methods of science. His system, by far still the most 

widely used in all areas of color notation, was a simple color classi-

fication system which satisfactorily illustrated most of the color 

harmony rules known at the time. He constructed a model which 

expanded the color sphere concept of Runge and the decimal classification 

idea of Rood. 

To Munsell, the most important of all factors in color harmony was 

balance: balance = order. At once the aesthetic principle of the 

philosopher and the artist was invoked, as well as the scientific 

requirement for formulization. No system before had been able to do 

quite that much. Moreover, Munsell's schema for systematized color 

harmony satisfied the laws of Chevreul and even offered appeasement to 

Newton, et at., toward association of music and color. It is doubtful 

that Munsell deliberately set out to do all this at once, but, 

nevertheless, he did and in a remarkedly simple fashion. 

Wilhelm Ostwald, the second giant of systematic color harmony, 

published in 1916. His theory, based on a philosophy similar to that 

of Munsell, contained more precise methods of selecting harmonious color 

schemes according to a mathematically correct classification system. 

The Munsell formula of balance = harmony, with balance dependent on 

visual order, was condensed in the Ostwald theory which simply said: 

harmony = order, or B + W + C = 1 (Black + White + Color = Unity). 
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A Nobel Prize winning chemist and teacher, Ostwald was also 

highly esteemed for his knowledge of color science. Jacobson (19^8)* 

a chronicler of Ostwald literature and an advocate of objective 

color harmony, wrote: 

At age 56 Dr. Ostwald gave up his University post 

and retired to his estate to devote himself to 

philsophy and the study of color. Notwithstanding 

the vast importance of his extension of the laws 

of energetics which have "become the working basis 

of gigantic industries, he refers to his color 

work as the summit of his scientific achievement 

(p. 2). 

For many years the Ostwald system was a principal tool in color 

instruction and was responsible for the widespread acceptance of 

organized color schemes as the principle means of achieving color 

harmony. But the changing mood and taste of each decade since, the 

requirement for a more flexible standard of color reference, and the 

overall general disenchantment with systematized color methods in 

art eventually forced the Ostwald model into retirement. It has 

since been abandoned in favor of the more adjustable Munsell system 

as the official standard of color reference in most cases. 

Therefore, of two types of object-color systems, the appearance 

plan of Munsell, based on visual judgment of color scales, was 

found more acceptable than the stimulus-synthesis plan of Ostwald 

which was founded on mathematically calculated intervals of color 
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spacing. However, there are still those who "believe that most of 

us see the world of color as Ostwald organized it (Birren in Ostwald, 

1969). 

Education: Harmony and the Status Quo 

In Munsell1s day Victorian survivals of conservatism still 

existed. The new art was very much in evidence in Europe, "but the 

hold of 19th century academia had not yet "been released on the 

large majority of artists, especially in the United States. There 

were many who stood by the classic rules of harmony, willing to 

exclude anything which did not neatly fit the old definition. To 

some extent Munsell and Ostwald fit in this category. Vanderpoel 

(1902) gave a good indication of the mood "by scolding those whose 

color use did not conform to past traditions. These early standards 

of color harmony definition formed a dimension of color harmony 

meaning which continues to persist. They are usually the oversim-

plified, basically inaccurate rules of harmony which are wholly 

inapplicable to modern color expression. (The lack of progressive 

thinking in color use by the general public has been aggravated 

because the findings of color science have, for the most part, been 

channeled more or less directly into business and industry and not 

into art and education. Applied color harmony has been a corner-

stone of much color research, but the interpretation of research 

results to the public by lay writers has constituted a principle 

source of the misunderstanding of color harmony. Publishers are not 

able to distinguish the veracity of information from tha,t which is 
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merely readable in a saleable way. Thus, literature on color harmony 

abounds with popular articles on topics from fashion to cosmetics, 

quizzes on color taste and personality, and almost weekly announce-

ments of new decorating schemes. Needless to say, all such literature 

is omitted from the present review.) 

Kandinsky: Harmony and Art in 1912 

Kandinsky's theories of outer and inner forces acting on the 

perceptions of color were a page out of the psychological studies of 

his day. Kandinsky, a lawyer by formal training, knew Fechner's 

work and was a student of most of the other major psychological works 

relating to color study in his time. Where Munsell had represented 

the synthesis of art and science, Kandinsky expressed the union of 

art and psychology. The introduction of the Gestalt idea by 

Ehrenfels in 1890 held great promise for the integration of color 

meanings, and Kandinsky was doubtless familiar with his views, as 

well as those of Koffka and Katz, both of whom addressed the topic 

of meaning in color, the latter in a landmark treatise on color in 

1911. 

But, if Kandinsky found his persuasions in psychology, he 

spoke in a language which artists knew well: 

It is evident that color harmony must rest 

ultimately on purposive playing upon the 

human soul; this is one of the guiding 

principles of internal necessity (Kandinsky, 

19^7, p. U5). 

No elaborate rules and definitions vere required in Kandinsky's 

definition of color harmony. Formulas of systematized classification 
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were not necessary. By simple definition of the soul, color was 

set in new meaning as far as art was concerned; and the concept of 

inner need began a new era in color expression still being played 

out today. Not since Kandinsky has there been a work so openly 

insistent on the existence of the soul and the integral part it 

plays in color theory. His treatise expressed a force of faith 

not usually encountered in a work so logically balanced and played 

out with such confidence and convincing feasiblity. 

Readings. Venturi (1950) and Rewald (1961) along with 

Raynal (1950) are considered standard references on Impressionism. 

Rewald (1962) is an excellent source on Postimpressionist art. 

Van Gogh's letters (1927, 1938) reveal interesting insights about 

late 19th century meanings of color harmony, and Cezanne's color 

theory is described in Barnes and Mazia (1939)• An earlier work by 

MacDonald-Wright (1967) formed an addition to the literature 

contemporary with the art of the time around 1890. 

On subjective color, see Barber (1905) and Dashiell (1917) 

concerning theories of harmonious color perceptions in children, 

A study by Bradford (1913) on the fusion between the self and the 

object of appreciation contains categories of perceptive types which 

predate Bullough, but which are less convincing as models of the 

"aesthetic." A more philosophical position on subjective and ob-

jective color is taken by Santayana (Ashmore, 1966), 

Literature on the Munsell and Ostwald color systems is extensive. 

An early description of Munsell harmony is Cleland (1921) (summarized 
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by Birren in Munsell, 1969). Other published works on color harmony 

by Ostwald are also available (1906, 1918, 1926, 1933)• Concerning 

color in education and industry, see the early works of Luckiesh 

(especially 1915, 1916). Grohmann (n.d.), who credits Kandinsky, 

and Klee, for developing the laws governing the elements of form and 

color, is the best study of Kandinsky. Regarding color in art in 

the early 20th century, see Raynal (.1950). 

Writings on color by Matisse, Braque, Delaunay, Gleizes and 

Metzinger, Apollonaire, Picabia, and others are not included in 

this survey because they represent short-lived reactions to 

the critical interests of the press in the new art, with the possible 

exception of Delaunay (1978). These writings were, nevertheless, 

important expressions of individual points of view which illustrated 

the remarkable absence of any widespread agreement concerning color 

harmony meaning among artists of this time. Likewise, discussion of 

the many "isms" of color expression to appear was also omitted. The 

colorful but invented terminology—Fauves, Orphism, Cubism, etc.— 

does little to expand the observation that this was a colorist art, 

largely free of the confinement of cognitive meaning. As Read (1968) 

has said, such terms seem to have little justification as meaningful 

labels in history or art. 

On additional topics, see Gordon (.1912) who early on experi-

mented with a seldom exercised hypothesis of the affect of color 

harmony on the placement of colored shapes on a visual field. 
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Coexistence of Meanings 

Harmony is wrought through the dominance of a 

given element or through the presence of some 

principle of integration (Lund and Anastasi, 

1928, p. 1+36). 

All pleasing color arrangements are dependent 

upon the selection of hues, values, intensities, 

and the amount of each of these quantities found 

in any example (Anerson, 1933, p. 67)• 

Whenever two or more impressions or ideas have 

something in common that is appreciable, they 

are in harmony in the measure of what they have 

in common (Ross, cited in Jacobson, 19^8, P« 7*0-

Any color effects or colors that are consistent 

with nature and "because of this are pleasant to 

see constitute a color harmony (Abbott, 19̂ -7 9 

p. 106). 

By 1920 the pattern of disjunctive color study was set. Vir-

tually every field of study to have an interest in color had its own 

set of descriptive terms. The meaning of color harmony was reduced 

to a simple generic statement; viz. , the satisfying affective response 

to colors seen together. However, there were more complex possibil-

ities . 
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Psychology and Affective Preference 

Studies of the Wundt theory of affective fusion continued. 

In 1917 Geissler advanced his theory of the law of affective combina-

tion. The law stated that the greater pleasantness of color 

combination will depend on the pleasantness of the individual colors. 

Large amounts of space in the literature on color harmony is occupied 

with studies testing the validity of this law. Well controlled 

studies of this aspect of color harmony were conducted in 1921 

(Yokoyama) and in the 1930's by Guilford (.1931, 193^, 1939) and by 

Allen and Guilford (1936), but with generally mixed conclusions about 

its validity. 

Meanwhile, many believed that the exhaustive research and 

findings of G. J. Allesch in 192^-1925 had rendered obsolete nearly 

all other work on the affective preference of colors up to that time 

(Chandler, 1928). Allesch showed that there is no agreement between 

the preference for individual colors and the same colors seen in com-

bination. Moreover, Dorcuss (1926) concluded that there may not even be 

such a thing as color preference. Obviously, more research is needed 

to resolve the difference of opinion regarding the law of affective 

combination of colors. 

The Renaissance connection. In the 15th century Vasari had 

defined color harmony as unity in variety. We find that Fechner, and 

later Birkoff (1933), restated this definition as order in complexity. 

And, with little variation of actual meaning, balance = harmony 

(Munsell, 19U6) and harmony = order (Ostwald, 1933) may be taken to 
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relate to Vasari's definition also. In 1928, Lund and Anastasi 

reported findings which afforded modern prodf that the oldest known 

definition of color harmony had survived to the 20th century. They 

defined an "antecedent and consequent" relationship among perceptual 

elements. Harmony, in their view, was based on a need to complete. 

Our reaction to a certain color element sets up anticipation in us for 

another, and affective satisfaction results to the extent that we are 

able to fulfill our expectations. Unity in variety applies because 

unity facilitates reaction and diversity is mentally stimulating. "The 

chief difference," they said, "between primitive and modern art is the 

extent and subtlety with which variations are introduced while still 

preserving a certain uniformity with balanced relationships" (p. 438). 

The "antecedent and consequent" relationship was anticipated in a study 

in 1910 (Bingham) in an article on melody in music, but no corresponding 

research related to color was undertaken until 1928. 

Repetition of a color experience—familiarity—enhances the facili-

tation of response toward unit; therefore, through habituation and 

practice one may learn to like certain colors because identity with 

known color patterns facilitates the reaction process through a series 

of successive reaction steps, like notes in a melody, which is a set of 

expectations aroused with the leading note and progressively organized. 

Reports of psychological studies on the affect of association on 

color harmony were published by Washburn and Grose (1921) and Beebe-

Center (1929), who used Wertheimer's theory of "spatial level" of sets 

in an attempt to give a lav of affective equilibrium in a correlate of 
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ideas from Lund and Anastasi and Allesch; uis., affective experience 

can be increased to a point that the stimulus will be brought down to 

indifference. 

Aesthetic Law. Kirschmann reviewed the laws of aesthetics in 

1900. Birkoff advanced his controversial theory of aesthetic measure 

in 1933. The Birkoff formula, M = 0/C, expressed aesthetic response, 

M, equal to order, 0_, as a function of complexity, C_. Eysenck's inves-

tigations in this area are also well known. His related law of 

aesthetic appreciation (19^2) was a reworking of the Birkoff principle, 

whereby M = 0/C was converted to M = 0 x C; that is, appreciation, M, 

is equal to order and complexity. Although never fully developed, 

Eysenck has defended such formulas as being useful toward clearing up 

the vague and. indefinite character of the Good Gestalt, which is 

frequently used to describe the domain of aesthetic law. 

Other Avenues of Meaning 

As knowledge about color increased, there was a natural tendency 

to write articles and books. With the proliferation of professional • 

journals, studies on color became commonplace. Research reports became 

journal articles, which became books, which, in turn, were studied for 

new articles, and so on. Many such works crowd the literature on color 

harmony. Some are noteworthy for different reasons. 

Teachers who wrote. Among the earliest and still the best modern 

summary of works on color in art are those by Sargent (1923), Henri (1923), 

and Pope (1929)• All three were artists and teachers of art. Sargent 

wrote a summary of color harmony knowledge to 1920. The influence of 

Kandinsky can be felt in Sargent!s encouragement of subjective taste in 
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learning color harmony. The same year, 1923, Henri, an artist and 

teacher of considerable merit, had his theories printed to the 

immediate satisfaction of everyone. George Bellows compared the work 

with that of Leonardo and Reynolds in importance to the literature on 

color (cited in Henri, i960). 

Arthur Pope's two volume work, in 1929-1931, did much to pull 

together the literature of art and science, as it related to color. 

Pope considered harmony to "be an integral part of the language of 

color and art. He was interested in the emotional significance of 

harmony, as well as the theoretical consequences of order on color 

organization. Many of his ideas originated with Chevreul and grew 

under the tutilege of Denman Ross (19199 1933), an important figure 

himself in modern color harmony study, having devoted many years to 

the principle of the "scaled palette" as a practical approach to 

achieving harmony in painting. 

Color curriculum. Anderson (1933), in a conservative approach to 

the topic of harmony, outlined a color curriculum "based mostly on 

Munsell, reserving the concept of color harmony for the traditional, 

systematic color schemes appreciated in 1933—describing each scheme 

with its psychological attributes. In 19̂ -1 Graves (1951) published an 

elaborate attempt to explain color harmony according to the laws of the 

Golden Proportion, that special mathematical ratio most frequently 

associated with ancient Greek architecture. His foundations of color 

organization were those of Munsell and Ostwald; and the Golden Proportion 

color theory was that of Hoelzel (Parris, 1979) and Hambidge (1923, 

1962, 1967, 1979). 
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Perhaps the most thoroughly research book to appear on color 

harmony in the 1930!s was Hiler (1935). He cited numerous original 

manuscripts and letters of artists, summarizing them according to his 

interpretation of the affective psychology of color; viz., "psycho-

prismatism," a term "which, thankfully, never caught on. 

Color science. Physicists sought to rescue the meaning of color 

harmony from time to time with more or less success. Undoubtedly the 

most elaborate experiments in the science of color harmony were those 

by Moon and Spencer (l9^Ua, 19UUb, 19^c). Their findings included a 

geometric formulation of classical color harmony; a numerical rating 

scheme for the quantitative evaluation of any given combination of colors 

using the Birkoff-Fechner rule of aesthetic measure; and a relationship 

between color harmony and the scalar moment of the Munsell solid 

relative to the area of a color and the adaptation state of the viewer— 

all in all, sin ingenious formula but yet to be confirmed by much 

empirical evidence. 

The Moon and Spencer conclusions touched off a minor debate with 

Pope, who took issue on a number of points, adding a friendly but 

appropriate admonishment to the researchers: "I have found...that one 

has to guard against being misled by what might be called one's 

theoretical desires" (Pope, 19^, p. 759). Nevertheless, the Moon and 

Spencer experiments are considered to be the landmark scientific 

studies on color harmony. Their aim, however, of developing a tool 

that could be employed by a person of limited artistic training to 

create harmonious color combinations, seems negated by a requirement 

for very advanced mathematical training needed to work their system. 
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color study, and he developed excellent material for the use of color 

in art and art-related areas. Evans demonstrated a grasp of the 

problems of the artist, and his theory of nfelt unity" as a determinant 

of color harmony was not unlike the "inner need" concept of Kandisky, 

although Evan!s rationale -would seem to have been more biological than 

spiritual. 

Business and industry. Faber Birren (1937)» whose early color 

work attracted the attention of business and industry, was probably the 

first successful color consultant. BirrenTs so-called functional color 

concept was removed from the more esoteric domains of color theory and 

applied to day to day color needs. Birren, whose harmony theories are 

basically the same as those of Ostwald, has published numerous books 

and articles related to the practical uses of color. 

A substantial treatment of color harmony and its interpretations 

in industry was published by Burris-Meyer in 1937• The book resumma-

rizes the theories of Chevreul in a format and psychological style 

much like that of Anderson (.1933). Out of date today, it is, nonetheless, 

regarded as em important addition to the popular literature on color 

harmony. 

An odious work by Audsley in 1922 is exemplary of the many un-

scholarly plagiarisms to appear in the literature in an attempt to 

capitalize on the growing commercial appeal of color. Fortunately, 

such books are usually short-lived and soon disappear but not without 

some damage to the meaning of color harmony in the unprepared, unsus-

pecting, and often gullible public mind. 
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Art. The Bauhaus flourished in the late 1930*s, and the presence 

of Bauhaus names in the annals of color theory are notable: Albers, 

Kandinsky, and Itten, to name some. The 1930fs marked a period of 

transition during which the tenents of Abstract Expressionism overtook 

the formalistic, studied approached of the Weimar school. Color 

harmony, as part of the language of art, became less visible in the 

literature, possibly for the same reasons that had been pointed out in 

1910 in the Second Futurist Manifesto: "It is essential to rebel against 

the tyranny of the terms 'harmony1 and Tgood tasteT as being too elas-

tic expression" (cited in Protter, 19£>3> P« 207), "too elastic 

expression" meaning a term which had no definite meaning. 

Readings. For further readings on affective color response 

prior to 1950, and relating to color combinations, see Chandler (1928); 

Dorcus (1926); Eysenck (l9Ulb, 19blc, 19^1d); Metcalf (1927); Nafe (192U); 

and Washburn, Haight, and Regensburg (1921). Studies on the psycholo-

gical impact of area or color proportion on color harmony were reported 

by Washburn, McLean, and Dodge (193*0—a replication of Clark, Goodell, 

and WashburnT s 1911 study—and by Marshall and Guilford (193*0-

Walton (1933-193*0 reported on the sensitivity of children and adults 

to color harmony, and Birkoff's law of aesthetic measure was examined 

in two articles by Beebe-Center and Pratt (1937) and Davis (1936). An 

excellent summary of the field of experimental psychology of color is 

Boring (19*H). Meanwhile, Dewey (193*0 presents color aesthetics in 

a more traditional manner than the Birkoff approach. 

Kepes (l9*+*0 developed a discussion of color which was new in its 

language to the decade of the 19*+0!s in that it carefully avoided the 
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color systems; characteristic of most color literature of that 

period. A good modern account of the life and work of Arthur Pope 

is "by Carpenter (197^0- Background of the Bauhaus color theories is 

developed in Parris (1979) and Poling (1973). More traditional 

approaches to color in art are in Hiler (19̂ -2) and Jacobs (.19.23) • 

Read (195^) recounts the principles of color in industry. 

Consolidation of Meanings 

The presence of harmony is revealed by the feeling 

that any attempt to modify the relationship that 

obtains among the colors . . . would result in the 

destruction of the whole (.Gilson, 1957? pp. 192-193). 

The basis of harmony is the natural sequence of 

colours as seen in the spectrum, and the way in 

which those colours occur side by side in the whole 

realm of nature (Taylor, 19&2, p. lOU). 

Color harmony is a matter of likes and dislikes, and 

emotional responses vary from one person to another, 

and from time to time with the same person (Judd and 

Wyszecki, 19759 p. 390). 

As concepts about color matured within the disciplines of color 

study, i.e., psychology, physics, physiology, art, education, etc., 

so did the skills of the writers who expressed them. Where previous 

years had seen explorations for new meaning in the term color harmony, 

the decade of the 1950fs was a period of consolidation. 
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Strengthening of Disciplinary Alliances: Art and Psychology 

The most articulate spokesman on color harmony theory to emerge 

in the 1950Ts vas Arnheim. His book (197*0 is a modern classic in all 

phases of visual perception, and in it he makes color harmony a clear 

case of special color use. The Arnheim theory, "based on the psycho-

logical attraction among colors in a subordinate-dominate relationship, 

rejects the traditional ideas of strict systematization, finding such 

ideas to be too primitive, entropic, too static. The fundamentals of 

the Arnheim color theory are a logical reordering of subjective 

concepts into an original point of view: 

When only two [primary colors] are given they demand 

the third . . . . This encourages us . . . to conclude 

that there is something incomplete about any particu-

lar color whatever. Such imcompleteness can be said 

to upset the equilibrium of the visual field as soon 

as color appears by itself. The unique character of 

that color, its coldness or warmth, obtrusiveness, or 

remoteness, affects us one-sidedly and points by its 

mere presence to the existence of a counterpart, which 

could reestablish balance in our visual experience 

(p. 357). 

One sees elements of recognizable ideas in the theory—Goethe and 

Hoelzel, for example, and Lund and Anastasi„ plus the harmonic music 

theories of Schoenberg (.19̂ 8). Nevertheless, Arnheim represents a 

thorough attempt to build a modern, comprehensive theory of color 

harmony (Mueller, 1967} which deserves to be studied closely. 
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The applicability of the Lund and Anastasi findings to the 

emerging definitions of color harmony in the 1950fs and 1960!s is 

apparent in Gombrich (i960) as veil as in Arnheim. Their emphasis 

on the role of experience and learning in affective response points 

to the same color-anticipation-expectation, syntatic point of view 

which characterizes the Gestalt notion of wholeness of response. 

Among the best of the art-psychology writers to apply himself 

to the problem of color harmony meaning in the 1960!s was Ehrenzweig 

(1971), who developed the important concept of color serialization. 

Color serialization refers to the permutations of colors and shapes 

in a visual field in which a series of elements can be visually 

arranged in a number of ways without affecting the identity of the 

field, much like a Vasarely painting. Indeed, the theory is not 

unlike the "plastic unity" idea of Vasarely (Spies, 19^99 1971) i
n 

which contrasting color zones act as the permutational system. The 

premise that color cannot be separated from form when defining color 

harmony has its modern origin in a number of places (Campbell, 19^2; 

Kandinsky, 19^7) 9 "but the idea that form strengthens color and V%oe 

versa, expressed by Ehrenzweig, is the best description of the concept 

to date. (Albers, incidentally, eliminated the effects of seriali-

zation by arranging colors in subtle variations of squares.) 

Science and industry. Scientific works on color harmony are 

conspiciously absent from the literature on color harmony in the 

mid-19001s, having become mostly concerned with the measurement of 

color. The year 1952 marked the publication of one of the few modern 
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treatises on the science of color to include consideration of harmony 

meaning. Judd and Wyszecki gave a lengthy summary of traditional 

color harmony theories, organizing them into convenient, well defined 

principles. In so doing, they wrote: "The half—truths of color 

harmony are probably of more interest to certain segments of industry 

than the whole truths of color measurement" (p. 391)• Judd continued 

an interest in color harmony theory (,1955), and its mention in his 

book enhanced the credibility of the harmony concept at a time when 

its study was not necessarily perceived as critical to the advancement 

of science. Burnham, Hanes, and Bartleson (.1963) followed with a 

published summary of color science information which also included 

attention to color harmony very similar to that given by Judd and 

Wyszecki but under the heading of marginal facts. 

Art and science. Taylor (1962), in an adaptation of the 

Ostwald principle of color order, proposed a theory of regular pro-

gression as the basis for color harmony. His observation that nthe 

whole physical "universe is based on an ordered system of regular 

progressions" is interesting, but hardly the empirical data needed 

to validate his point of view. 

Mueller (1967) disclosed a propensity for understatement when 

he wrote that many of the traditional concerns for harmony have broken 

down, perhaps paving the way for a new encoding idea. Nevertheless, 

MuellerTs book, while it provides no solutions, is a solid overview 

of the scientific characteristics of both music and color harmony. 

Biology and art. In recent years a number of claims for the 

organic implications of color harmony have been made (.Birren? 1950; 
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Clark, 1978; Eysenck, 19^0; and Granger, 1955a, 1955b). Granger 

(1955a) wrote: 

It may be fairly claimed that, here as elsewhere 

in the field of color aesthetics, preferences 

[for color] show a marked degree of independence 

of purely personal taste and a dependence on ob-

jective stimulus properties, which suggests that 

they may have a fundamental biological basis in 

the perceptual system (p. 6l). 

The idea of a biological foundation for color harmony was discussed 

by Helmholtz and has been, from time to time, represented in the 

literature on harmony. Birren (1950) acknowledged: 

Light striking the eye sets up reactions which 

spread throughout the organism . . . . It may 

well be that predilection for color may be in a 

person's glands as much as in his soul (pp. 139» 175). 

Bezold (.1876) talked of the need for a rational, organic connection 

between color and the form and essence of a work of art. But it was 

Helmholtz, in an extraordinary visionary statement, who wrote: 

The peculiarities of the painter's technique, to 

which physiological optical investigation has led 

us, are often closely connected with the highest 

problems of art. We may perhaps think that even 

the last secret of artistic beauty—that is, the 

wondrous pleasure which we feel in its presence— 
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is essentially "based on the feeling of an easy, 

harmonic, vivid stream of our conceptions, which, 

in spite of manifold changes, flow toward the 

common object, "bring to light laws hitherto con-

cealed, and allow us to gaze into the profoundest 

depths of sensation of our own minds (cited in 

Warren and Warren, 1968, p. l68). 

Kepes (19^) also believed that the sensation of color is always 

a symbol of satisfaction of the nervous system. However, differences 

of opinion about biological color response are not uncommon. Nafe 

(192k) argued that affection exists completely separate from the 

sensory component. Before any firm conclusions about purely biologi-

cal foundations for color harmony can be realized, considerably more 

research will have to be required than that which has been reported 

on the subject so far. But such a hypothesis does seem logical. As 

Arnheim (l97M has pointed out, whatever is observed in experience 

must have its counterpart somewhere in the nervous system. 

Art and education. Albers (.1975) produced Interaction of Color 

in 1963. In place of the inflexible and mechanical theory of color 

harmony commonly based on uniform color scales, Albers presented a 

concept of color design, important aspects of which were equilibrium 

and balance created by quantities of space, time, and weight. The 

"worn out" traditional color schemes of the past should be ignored, 

Albers believed, and in their place put a more practical and realistic 

approach consistent with the way colors are generally employed. The 
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Albers book is founded on a modern concept of the 1839 Chevreul lav 

of simultaneous contrast, and his interest in the dynamic qualities 

of color in juxtaposition, and away from the academic color rules of 

previous color harmony systems, did much to rekindle an interest in 

the study of color in art in the 1960Ts. 

Smith (1965) repeated the interaction-of-color teaching method 

in a book characterized by the author as: "an esoteric approach to 

the aesthetics of color in a controlled visual environment" (p. 7). 

The format of this book followed that of Albers, while the color 

harmony theories were solidly those of Ostwald. 

A thoroughly researched and articulately written book on color 

by Sloane (n.d.), signified a further departure from the systemati-

zation of the early 1900Ts and toward the position of Albers. Sloane 

wrote: "Freedom is the use of colour, a freedom unshacked by conven-

tional restraints, is today considered basic" (p. 9)- She correctly 

criticized Mansell and Ostwald for going beyond the problems of color 

notation into the realm of color use, a task for which, by Sloane1s 

estimation, neither was prepared. An enlightening presentation on 

color symbolism rounds out this major work. The irony of Sloane?s 

conclusions is inescapable; that is, the meaning of color harmony 

depends to a large extent on symbolism—one of the original definitions 

of harmony in the history of color use. 

The art of the 1950Ts was synonymous with the term Abstract 

Expressionism, a movement characterized by the intuitive5 attitudinal 

exploitation of color. As had once been the case one other time in the 

1890's (Raynal, 1950), it was an art devoted to the expression of color, 

but not necessarily one to demonstrate an interest in the concept of 
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color harmony. Color harmony was apparently identified with a 

restricted meaning not "believed suitable to describe the content of 

the work of the artists of the 1950Ts. Then again, as DTArista (cited 

in Protter, 1963) has pointed out there was so much self-analysis and 

comment on the times of art in the 1950fs and 1960fs that color never 

came up. 

The decade of the 1950!s saw the emergence of artists like 

Reinhart, Neumann, Rothko, Gottlieb, and Still whose chromatic 

abstractions, which probably began with Frankenthaler as early as 

1952, gained their greatest attention during the 1960!s under the 

rubric of color-field painting. Color-field painting describes the 

lyrical T,soak and stain" patterns of Frankenthaler and Morris Louis, 

the more rigorous geometric forms of Kenneth Holand, and the atmos-

pheric color haze of Jules Olitski, as well as the work of the other 

chromatic illusionsists already mentioned. 

Readings. Seuphor (1958) traces the art of the abstract color 

expressionists in an anthology of succinct and poetic accounts of the 

artists contributing to this era of color use in art. Wight's (1958) 

sensitive portrayal of the life of Arthur Dove develops a unique 

portrait of Dove as one working outside the public eye* of European 

"isms." Dove, with O'Kieffe and Marin, under the advice of Stieglitz, 

did much to shape the doctrine of American art in the 1950!s and 1960's, 

Wight's book, like Dove's paintings, will attract the reader again and 

again "as if with delight at finding something which it is not 

required to understand at all, but which is intrinsically agreeable" 

(p. 30). See also Hunter (n.d.) on color in American art. 



57 

For more mundane points of view on applied color harmony see 

McDonald (19U9) and Renner (196U). Granger (1953) reported on an 

experimental study of the impact of area on color harmony. Danger (1968) 

published on the practical uses of color in commercial design. Typical 

of this type of book, attention to color harmony concentrates on the 

traditional methods of color combination. 

Reflection and Search for the Status Quo 

In 19^8, Jacobson wrote: "Harmony is the antithesis of confusion" 

(p. 56). He was discussing color at the time but could as easily have 

been talking about the state of the understanding of the term color 

harmony. The vast amount of inconclusive and contradictory literature 

on the subject had led to a general mood of skepticism by most students 

of color about the reliability of past research findings. Studies on 

color harmony were suspect because no one was quite sure anymore just 

which definition of harmony to apply where. Pieters (1979) has 

observed: "in view of the great variations among definitions of color 

harmony, it is not surprising that the experimental results do not 

agree" (p. 282). Pieters himself, however, adds to the confusion by 

defining color harmony as "the peculiar sensory experience associated 

with color pairs viewed in isolation" (p. 282), an arbitrary and 

totally unacceptable definition. 

Reexamination of Meaning 

There has been an increased interest in the history of color in 

the last decade for many reasons, among them is one of trying to 

determine what the state of affairs is as far as color harmony is 

concerned. Books on color in art, and painting in particular, 
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routinely include an overview of the historic uses of color. Students 

of color also find color history to be a worthwhile topic (Cook 1977; 

Otton, 1975; and Whitfield and Slatter, 1978) . 

The final realization that the term color harmony had become a 

vague and meaningless descriptor of affective response to color is 

a fairly recent admission, although it had been a suspicious part of 

the art vocabulary at least since the turn of the century. Lazy 

research and outright plagiarism had done much to create a false 

impression of agreement of meanings and had erroneously suggested that 

the understanding of the term had some technical basis. But, as 

Abbott pointed out in 19^7, and what is still true today, while we 

may have observed much about color, the various conclusions that have 

been reached concerning color harmony are not facts. Cook (197^) found 

in his study that most textbooks on color had not been thoroughly re-

searched commensurate with the literature in the field. It appears 

that many present day authors rely on readily available material 

without realizing that it could be misleading or even fallacious. 

Old ideas. Keuppers (1973, 1976, 1978) remains one of the few 

to maintain an interest in systematic color harmony. Based on the 

geometrical application of a rhombohedral color solid, his theory 

suggests that quantitative and qualitative color harmony probably 

consists of "common features, connections and supplementary factors," 

a position sufficiently vague to avoid any prolonged arguments. So 

far, Keupper's efforts to obtain laws and convincing evidence to 

support his theory have not been successful. Most of his ideas, 

though admirably illustrated, are set in a mood of speculation rather 
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than fact. Most useful, perhaps, is his hypothesis that color harmonies 

and. disharmonies can "be described with the aid of a theory of sets. The 

Keuppers system of color organization is based on a plan originally 

proposed and published by Hickethier (1952). 

Meanwhile, research on the aesthetic aspects of color harmony have 

continued. The relationship of aesthetics to thinking, as well as 

feeling, was reported in two studies, one by Bond (1976), the other 

by Rudinow (1977) Traditional kinds of harmony studies more generally 

related to color in art are those by Birard (197*0 and Pfeiffer (1972). 

Psychologists have reinvestigated, among other things, the associative 

relation between music chords and color (Kowalcyk, 1976) and the 

affects of aging on sensitivity to color harmony (Palffy, 1976). 

New thoughts on old ideas. In 1979 Pieters announced positive 

evidence that color harmony is a distributive function of hue harmony, 

lightness harmony, and saturation harmony. As early as 1921 (.Washburn, 

Haight, and Regensberg) an additive rule had been postulated. Pieters 

gave six possible rules for the combinations of color harmony responses 

to hue, lightness, and saturation, concluding that the H = H x (.L + S) 

distributive function gave the best description of his experimental 

results. A good general overview of this approach to formulas in 

color harmony is given by Levelt in Berlyne (1971)• 

Birren recorded a shift of emphasis away from the theories of 

traditional color harmony in 1976, with a book on the perception of 

color in art. The most recent of a long list of color works by Birren, 

it is one in a line of ideas over which one may trace the changing 
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development of attitudes toward color harmony meaning (13^, 1969"b). 

Beginning with the 1930's forward, Birren's enthusiastic support of 

color systematization gradually changed. At one time opposed to the 

color abandonment of the Abstract Expressionists, Birren grew more 

tolerant of color as a discordant but expressive element and even 

suggested that color expression was prefereable to color harmony 

(Birren, 1977) • 

Notwithstanding a growth of concept from the old ideas, the 

new thoughts were not without their contradictions. Many times the 

new approaches found their explanations in old terms. Birren, for 

example, freely borrowed from the vocabulary of traditional harmonic 

theory to describe color perceptions associated with expressive color 

groups. Indeed, it is difficult to escape the appearance of the 

theory of color harmony as being closely aligned, if not synonomous, 

with the concept of color expression. 

New Ideas 

The dichotomy of color harmony meaning found in the two camps of 

objective and subjective definitions has been one of the more con-

fusing aspects of the literature on color. Science emphasizes system-

atization and measurement, while art is more interested in the aesthetic 

aspects of color; yet, each camp borrows from the other as soon as 

their rhetoric requires a touch of esoterica for flavor. 

There have been those from time to time who have combined the 

objective and the subjective approaches to harmony with more or less 

success, but no literature exists which pulls all the disjunctive 

definitions of the terms together. Some recent interest in the 
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reciprocity of meanings in some "branches of the field have "been shown 

by Bouleau {l9lb), Gerritsen (1975), and Keuppers (1973)—the 

Gerritsen "book being a beautifully designed work, but one whose real 

meaning is somewhat overridden by its presentation (Prizeman, 1976). 

Meanwhile, Trevor-Roper (1970) sent a minor shock wave through 

the ranks of color theorists when he disclosed that some of the great 

colorists in the history of art suffered from eye trouble. His 

attack on the presupposition of intentional color harmony in paintings 

by such artists is part of a lucid and well-documented study of how 

color vision directly affects the making and viewing of art. Important 

colorists like Monet, Cezanne, Renoir, Degas, Pissaro, Dufy, Derain, 

Braque, Vlaminck, Matisse, Whistler, and Constable, not to mention 

Turner, Van Gogh, and El Greco, are all thought to have labored under 

the hardship of abnormal sight. 

The diminishing interest in color harmony in the art of the 

1970's is believed to be owed mostly to trends which did not rely on 

the use of color for artistic effectiveness. While artists of the 

chromatic abstractionist era continued to work in much the same vein 

as before, new perspectives in the field have had tremendous impact 

on the study and practice of color in painting. In this respect 

there has been some further loss of understanding of color by students, 

probably from lack of concern for its use. Among the more innovative 

uses of color to gain recent attention, are the color serializations 

of Richard Paul Lohse (1975), whose work has been ably analyzed for 

color harmony meaning by Albrecht (197M-
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Review 

Looking back, the existence of color harmony as a philosophical 

concept can be traced to the early Greeks and probably to Aristotle. 

The loss of literature during the first 1,000 years A.D. was a perplex-

ing event in tracing the continuity of color knowledge. An aesthetic 

definition of color harmony was very much in evidence throughout the 

Renaissance literature, most notably in the treatises of Alberti and 

Leonardo. Empirical "rules" of color harmony began to appear in the 

Renaissance but were most evident in the later literature of the 

IJth century. 

Judging from the literature which dates to before 1700, it was 

concluded that the use of color proceeded from a practice based on a 

mystic and symbolic logic toward one of individual and expressive 

reasoning. By the close of the period the foundations of modern color 

application had been laid, and the meaning(s) of color harmony had at 

least been inferred. 

The loosening of restrictions on scientific inquiry in the 

17th century opened the vay to new experiments into the nature of 

color and vision, which produced unparalleled interest in the theory 

and practice of color. The origin of color had been discovered by 

Newton by the year 1700. A century later, its exploration was well 

underway, and by 1900 its development and exploitation were assured. 

Throughtout this comparatively rapid development, the meaning of color 

took on many definitions. There were those who attempted to speak the 

language of scientific color without knowing the words. There were, 

likewise, scientists who tried unconvincingly to interpret color in 
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art. All in all, the results were confusing and produced a literature 

of mixed value. Where color harmony had once signified unity and 

beauty as a metaphor of life itself in AristotleTs time, by the end of 

the 19th century it had been reduced to a code word for scientific 

classification. Color as a subject of science existed before Aristotle, 

but color harmony as a subject of science is a product of the 19th 

century. The search for aesthetic rules became a search for natural 

lavs, and color harmony meaning shifted from the province of the 

artist and aesthetician to that of the science-minded color analyst. 

There were those who preserved the old meanings for a while, like 

Reynolds, Richardson, and Ruskin. The entry of Goethe into the 

scientific discussions of color did much to bridge the two worlds of 

art and science, but by the l880!s science was very much to the fore of 

color study. 

In a period of barely 25 years--1839 to ca. I867--- color knowledge 

increased several fold, leading to a virtual explosion of literature 

on the subject. The magnetic appeal of color, which once dwelled in 

its magic to excite, immediately attracted a new type of student who 

had little interest in magic and who could accept definitions only 

within a narrow and clearly defined analytical logic. Chevreul unin-

tentionally became the single most important person of such types to 

undertake a study of color harmony. Ironically, most modern theories 

of color in art began with Chevruel, a chemist, and spread from the 

scholarly influence of Helmholtz, a doctor. The problem with the 

literature of the 19th century, however, was essentially a problem of 

lay Interpretation of scientific experiments and not a problem of 
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Chevreul and Helmholtz, who had no control over the spread of 

reaction to their "work. 

As knowledge and communication grew with the entry of more and 

more researchers into the field of color study, the proliferation and 

specialization of definitions grew also. All sorts of new possibili-

ties arose in psychology, physics, art, and the relationships of their 

branches of disciplines which, in turn, formed new disciplines. Well-

intentioned efforts to define color harmony more precisely broke down; 

and, instead of a term enriched in its meaning by a larger under-

standing of its processes, by the end of the century it had become a 

multifarious term, carved up and distributed over an ever enlarging 

body of literature. The intellectual curiosity aroused by color was 

felt in all fields, including art. Color was reduced to experiment 

in many cases, and the magic of its beauty became the mystery of its 

cause. 

The greater emergency of psychology, in combination with the 

increased commercialistic awareness of the selling value of color, 

did much to add to an already confused color terminology. Entire 

sets of color vocabulary took shape. Frequent attempts were made 

to bridge the gap between the intelligent color use and free enterprise-

some with an edge of desperation, soioe nearly pathetic, and all with 

a prevading sense of frustration, Hiler (19^2), working to interpret 

the affective psychology of color, wrote: 

A summary discussion of the principles accepted 

as scientific as to the harmony of colours—should 
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prove useful, "because of the very general and 

current misconceptions regarding this problem. 

All the artist needs to know are the laws of 

colour as limited to the colours he can "buy 

(p. 72), 

an inane point of view from any perspective. 

Comments on the problem of color harmony meaning began to 

appear more frequently in the literature. In 1921 Yokoyama observed 

that studies of color harmony were too few in number and of too 

fragmentary a nature to warrant general psychological conclusions; 

and Chandler (1928) noted the difficulties of defining the multi-

farious nature of color harmony when he wrote: 

To take the bare preferences of numerous observ-

ers and average the results, is to run the risk 

of averaging dissimilar things and arriving at 

numbers which are not the number of anything 

(p. 723). 

Despite the confused state of color harmony terminology, cooperative 

efforts to resolve the problem have been scarce, and any attempt by 

one branch of learning to help define the terminology of another has 

been usually summarily scorned. 

The modern psychological theory of Lund and Anastasi, which 

fit the old Vasari color harmony definition of harmony equals unity 

in variety would appear to be a highlight in the early 20th century 

in an otherwise predominantly redundant, vacuous, and generally 

uninspiring period in the history of color harmony meaning. 



66 

Richter (1963) estimated that the rate of production of papers 

and books on color tripled in a period of less than ten years during 

the decade of the 1950's. However, a good portion of the literature 

is reminiscent of the story of one named Bayardi, who was appointed 

to catalog the archaeological finds of the excavations of Pompeii and 

Herculaneura. Without even visiting the excavations, he wrote and 

wrote until he had completed five volumes, totaling 2,677 pages, 

without even getting to the essentials (told in Ceram, 1972). Going 

into the decade of the 1970's, there were few bright spots in the 

literature, save for Arnheim, Ehrenzweig, and Albers. Old ideas on 

color harmony had been reclaimed and republished, and the science of 

color measurement with the advent of the computer moved ahead at a 

rapid pace. But new concepts of affective color use found a limited 

number of articulate spokesmen. 

On the Language of Color 

The word red in Russian has approximately the same meaning as 

the word beauty, and the same word is used to express both. The 

affective response to red for someone in Russia, compared to people 

living in this country, is apt to be quite different. In the United 

States red may mean danger or anger, arid our appreciation of the 

red flag of Russia is likely not to be one of beauty but one of 

anxiety tempered by ideological differences between the two nations. 

In pursuing the meaning of the term color harmony, the issue 

of language is naturally enjoined. The difficulty with Russian red 

is not unique. Cultural associations that influence color meaning 
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are not uncommon. They are, rather, the natural, ingrained memory 

conditioners which work to shape the language and meaning of color. 

Kandinsky, Pope, Katz, Judd, Munsell, and others who have 

investigated color harmony have pointed to language as a fundamental 

problem in -understanding color. A number of studies would appear 

to confirm their analysis (Allott, 197̂ -; Ridley, 1972). 

Certainly, the potential for a language problem exists in color. 

In addition to the difficulties of cross-cultural differences in 

meaning of terms, the general color vocabularies of individual lan-

guages is greatly limited. There are estimated to be over 7*500,000 

perceivable colors, but the largest collection of English color 

names, for example, is about U,000. Of these, only eight occur 

commonly (Brown and Lenneberg, 195M • The average person can mention 

only about 30 distinct color names. All of this led Birren (l96l) 

to conclude at one point: 

If language is an expression of manTs interest 

in his environment, then fine differences in 

color are of no great concern to him, for his 

dictionary has few words for color (p. 183). 

Over the centuries, the Inadequacy of language has contributed to 

the felt lack of continuity in color harmony meaning. The Greeks 

have been accused of leaving color names in a lexicographical puzzle 

(Trevor-Roper, 1970), compounded by the slavish imitation of Greek 

examples by the Roman poets, until some color names are without 

certainty as to their origin today, either being so old as to date 
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to "before antiquity or so confused as to have had their meaning 

confounded and lost. Meanwhile, art history has fallen victim to 

the problem, because those who may have come to understand the 

intricacies of color were without adequate vocabulary to express 

their discoveries; therefore, what connot be interpreted from looking 

at an artist's work is lost. Pope (19^9) has observed: 

Usually, when artists or other persons came to 

write about painting, they found it too diffi-

cult to describe their technical procedures in 

words—partly, no doubt, because they had no 

definite terms for the different factors that 

enter into tone (p. 127). 

Anyway, color language is in a constantly changing state. Had the 

artists of the past even been able to better express their meanings 

for color, there is no assurance that they would have been understood 

in light of today's understanding. As late as 1902, Vanderpoel showed 

a list of color vocabulary distinctly different from those terms 

generally associated with color use now. And, in 19̂ -7, the Inter-

Society Color Council declared certain color terms "obsolete." 

Some terms critical to the definition of color harmony apparently 

did not exist in former color vocabularies under the same category of 

meaning assigned today. The term "value," for example, generally used 

to describe the light-dark characteristics of a color, evidentally had 

a different original meaning. Originally it referred to the total 

visual worth of a color; i.e., its value in the visual field, its 
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relative coloristic impact. Munsell is perhaps most responsible 

for confining the meaning of value to the light-dark dimension of 

color. As late as 19115 Katz (1935) still used the former meaning, 

speaking of value as the combined "color matter" of hue, saturation, 

and "brightness (p. 52) in a manner consistent with the early 

meaning of the term. Munsell!s book, which appeared in 1905 5 vas 

the first to emphasize value as uniquely associated with the gray 

scale. Although the lay definition of value has come to be accepted 

as meaning light-dark, not all agree that it should; and new confusion 

about it has continued to surface, Albers (1975)? for instance, 

found MunsellTs use of the term to be "meaningless," and one author 

recently introduced the term "pronouncedness" unknowingly to describe 

the total visual impact of a color, a definition once owned by the 

term value. So, when one writes of harmony of value, it is apt to 

connote a different meaning now than it may have in the earlier liter-

ature, particularly in writings before Munsell. 

Entire dictionaries have been written on color in attempts to 

rectify the problem of color vocabulary (e.g., Berlin and Kay, 1969; 

Brennan, Burnham, and Newhall, 19^8; Maerz and Paul, 1950; and The 

National Bureau of Standards, 1976). Such lists, however, seem to 

have dramatized the problem more than they have worked to solve it. 

In 1975 Judd and Wyszecki reported no less than six different 

meanings for the term "color shade," and four definitions of "tone," 

It has been suggested, too, that color is so generic when It comes 

to defining meaning that every statement about color should be 
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prefixed by a code—CI, C2, C3, Ch, C5, etc.—so that it would be 

clear to the reader just what was meant by the term color (Burnham, 

Hanes, and Bartleson, 19^3). 

It has been found that color vocabulary influences affective 

color response; that is, color harmony. Tracy (cited in Dorcus, 1926) 

in I89U observed that children who are unable to name a given color 

after the name has been given them are not necessarily unable to 

discriminate color properly; they simply confuse the names. 

Hering (196U) found that it is impossible for many to state exactly 

how two similar colors differ even though a difference is clearly 

observable; this he conveniently labeled the "prejudice of language" 

(p. 33), and Judd (19^1) reported a greater agreement on a color 

experiment when the terms were simplified. Brown and Lenneberg (195*0 

advanced a "codability hypothesis" to explain the relationship 

between color response and color names, and more recent studies 

(Ridley, 1972) of this connection have centered on their work and 

the "expectancy hypothesis" of Bruner, which ties color recognition 

and response to past experience. 

What appears to be color confusion at first may result from an 

inadequate knowledge of the internal structure of a color system 

(French, 1963). This is true in intercultural situations, and it 

is probably true in individual situations as well. A failure to 

distinguish between colors may be more an indication of perceptual 

categorization than one of sensory or affective response. 

From the evidence regarding the language of color, one is 

drawn to conclude, as Sloane tn.d.) did, that: 
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Language is opaque at "best; its present 

capacity to communicate colour data is 

excruciatingly limited; definitive verbal 

descriptions of individual colours cannot 

be articulated (p. Ho). 

Yet it is probably not so much that color cannot be articulated that 

is the problem, as it is that it cannot be verbalized consistently 

or completely; and it is this inconsistent, incomplete state of 

meaning which affects communication more, perhaps, than if nothing 

•were said about color at all. Kandinsky (19^7) expressed it best 

when he wrote: 

Certainly each tone will find some probable 

expression in words, but there will always be 

something left over, which the word fails to 

express and which yet is not supererogatory 

but the very kernel of its existence. For 

this reason words are, and will always remain, 

hints, mere suggestions of color (p. 63). 

Frequently it is the unspoken meaning or feeling for colors which 

transcend words that is the essence of color harmony. Only when 

meaning is reduced to the limits of an inadequate vocabulary does 

confusion set in. Maybe it is necessary to abandon a term like color 

harmony, as some have suggested, with its apparently misleading and 

sometimes archaic meanings, for a new term like color synthesis, for 

example, or some other phrase descriptive of color combination. But 
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such revisionism would ultimately satisfy little aside from the 

linguistic creativity of the person with whom the new term originated 

and would more than likely do more to add to the uncertainty of 

meaning than if the old term were to be revitalized "by paring away 

the extraneous phrasing which has accumulated to restore it to its 

original philosophical and practical definition. 

The difficulty of verbalizing color notwithstanding, there is 

no other satisfactory way to approach the problem of color harmony 

meaning other than through its language. Color harmony may well 

have existed as a visual, practicable concept before it was a 

theoretical one, and probably did; the Schenker (1906) adage that 

art in its becoming and being is explained in theory, or vice versa, 

may be applied. But in a modern society, language is the mode of 

communication of reality and consequently of learning. 

By popular belief, reality is present in much the same form 

to everyone of sound mind: 

Languages are itemized inventories of this 

reality . . . . Not a cloak following the 

contours of thought, but molds into which 

infant minds are poured (Brown and Linnenberg, 

195k, p. h5k). 

Definitions of meaning are admittedly poor substitutes for meaning; 

but in the study of color we learn to abide by definitions, e,g, 5 we 

may not have hue without value or chroma; we may not have chroma 

without hue or value; and we may not have value, in the strict sense, 
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without hue and chroma. Therefore, the term achromatic is a misnomer, 

but "by definition we know what we mean. So we describe color harmony 

in the language of its perceived meaning and, in so doing, trust that 

the reality may manifest itself more completely, 



CHAPTER III 

METHOD OF PROCEDURE 

The Problem and Its Purposes 

There is evidence that color harmony is learned (Burnham, Hanes, 

and Bartleson, 1963); yet, despite this important evidence, no accept-

able model exists for explaining the concept of color harmony. 

Therefore, the purposes of this study were to: (a) identify attributes 

of color harmony and the vocabulary associated with each as evolved 

through literature on the subject of color (An attribute was defined 

as a theory, condition, or definition of a color characteristic or 

phenomenon to which color harmony was either partially or totally 

attributed.); (b) determine the relative emphasis placed on each 

attribute category by analyzing a select group of important writings 

on color; and, (c) develop a color harmony conceptual model which in-

corporated the categories into a simple but comprehensive visual 

reference to demonstrate the findings of the study. 

Pilot Study 

A pilot study was conducted for the purpose of answering three 

preliminary questions: (a) Is the term color harmony a concise 

descriptive term, or does it possible represent a wide range of 

meanings? (b) Is content analysis a feasible research method for 

investigating color harmony meanings? And, (c) is it possible to 

7^ 
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evolve categories and category indicators which will describe unique 

attribute domains peculiar to different concepts of color harmony? 

The results of the pilot study suggested that color harmony does 

represent a wide range of meanings (see Appendix A, Pilot Study). Of 

the sources surveyed, an average of 16.5 percent emphasized color 

intuition (attitude) as the fundamental means of achieving color 

harmony. This was closely followed "by color systems (order) at 

1^.0 percent and color juxtaposition (configuration) at 13.8 percent. 

On the average the sources surveyed felt that angular size (area) would 

be the least likely to influence the meaning of color harmony. 

On the basis of experience gained from conducting the pilot 

study, a number of specific guidelines were developed for conducting 

the research. The pilot study was useful in helping to tighten up the 

analysis procedures, and it introduced important problem areas which 

were subsequently solved and the solutions made a part of the guidelines 

for conducting the study. It was determined from the results of the 

pilot study that content analysis was a feasible research method for 

investigating color harmony through published works on the subject. 

Definition of Terms 

As one objective of the study, the final compilation of a color 

harmony vocabulary was necessarily part of the outcome of the research. 

However, it was inserted here in the front of the report in order to 

conduct the reader through the study and as a way of presenting some 

of the results of the research at an early point. These definitions 

were critical to the validity of the study; thus, their general origins 

and reasons for selection are described. 
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The findings of the pilot study conducted to determine the 

feasibility of the investigation served as the first major source of 

information for defining vocabulary terms. Subsequent data resulted 

in amendment and maturation of the terms to evolve them to their 

present state. It was possible to define a set of categories for the 

study which were especially descriptive of color harmony meanings 

that were likely to be encountered in most discussions of color use. 

These generic and mutually exclusive categories, and their respective 

indicators, described unique attribute domains which were found to be 

associated with particular meanings of the term color harmony. The 

popular-use method of defining vocabulary was consistent with accepted 

lexicographic policy. 

Goodman wrote: "In an area where there is as much confusion over 

the meaning of words as there is in education, someone must play the 

role of an authority with respect to terminology" (1972, p. vii). 

While the present study does not claim to represent "authority," as 

Goodman puts it, the findings were such that the recommended definitions 

may be those worthy of sponsorship by persons having a need for such 

information, because the definitions as presented were a synthesis of 

the most prevalent opinions encountered in the literature on the 

subject of color harmony. 

Color harmony. Colors are said to be harmonious if they produce 

a pleasing effect when seen in neighboring areas. Related terms 

include: color unity, color combination, color coordination, color 

order, color organization, color relationship, color scheme, color use, 

color concordance, color arrangement. 
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Order. Recognized by some as a "principle" of color harmony, order 

usually refers to color interval as represented "by uniformly spaced 

points in a color system; i.e., a plan used in the orderly arrangement 

of object color samples. The term may also refer to any combination 

of colors selected according to any orderly plan that can be recognized 

by the viewer (e.g., several of the neat visual sequences commonly known 

as color schemes—triad, tetrad, complementary, or similar partition 

of a regular locus made up of equally spaced colors). 

Similarity. As any group of colors or groups of color combinations 

perceived as having something in common—colors which are more or less 

alike; this term is sometimes referred to as the principle of similar-

ity. The commonality may be due to a predominant hue, value, or 

saturation. In practice the common aspect of quality may be achieved 

by adding to each color in a combination a liberal proportion of some 

one other color. Also, similarity includes any attempt to group the 

various colors in terms of their general expressive qualities. 

Association. Association is a social concept of likes and dislikes 

based on the level of sophistication and innate perceptiveness of the 

viewer. Or, it may include a culturally induced psychological idea in 

which color harmony depends on the meaning or interpretation of how 

color is applied to objects in a scene; i.e., affective responses are 

based on traditional color association and symbolism. Biases from 

previous experiences are often used to assess the feeling tone of a 

color arrangement. Frequently called the principle of familiarity, 

the Fauves reversed it by interpreting the local color of objects as 

statements of pure color harmony to achieve strong emotional responses 

to unfamiliar color use. 
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Attitude. A condition of color harmony which appeals to the 

intuitive5 possibly physiological, response mechanism, attitude is 

generally expressive of the personality of a color or color combina-

tion; and preferences for such combinations frequently lack any 

conscious foundation. Sometimes used in psychology to interpret 

personality and similar mood characteristics of individuals, the term 

is typical of the Abstract Expressionists "who sought color effects 

through impulse and individual feeling. Its use sometimes denies and 

rejects all formal training. 

Tone. A visually abstractable aspect of color usually intended 

to describe the visual influences of color dimension—hue, saturation, 

value—or similar color appearance attributes, tone is often taken as 

a synonym for the term color itself. It is that quality of color 

produced by a particular combination of physical color characteristics. 

In color harmony tone is the fundamental attribute determining prefer-

ence, but the term is usually narrowly defined and is likely to be 

excessively abstracted in the process of studying color harmony. In 

conjunction with the attitude attribute, it poses the hypothetical 

condition that harmonious color combinations exist Ideally and without 

the requirement of other conditional harmony attributes. 

Area. Intended to be a reference to the dependency of color 

harmony on the amounts or proportions of color used, area may refer to 

the absolute scale of the color areas (in scientific terms, the angular 

size of a chromatic area subtended by the eye). Or it may refer to the 

relative size of the color field. The ultimate visual effectiveness of 

any color combination is said to be directly related to color area. 
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Color scale explains the phenomenon of color change due to enlargement 

when an effective color combination in a small scale "becomes very ion-

pleasant if magnified. Likewise, relative size may be used as a method 

of overriding all other "principles" of color harmony (e.g., lighter 

objects look larger than darker objects the same size* small areas 

producing a response of high saturation will harmonize with large 

areas producing a response of low saturation). 

Interaction. Basically a physiological phenomenon, interaction 

is dependent on the adaptation qualities of the eye. Interaction 

includes such effects as successive contrast (afterimage), simultaneous 

contrast, or any of several other "false color" characteristics attri-

butable to the Instability of the visual process. Such terms as 

optical vibration, advancing and receding colors, and dynamics of color 

are all references to the interaction attribute of color harmony. 

Configuration. This term refers to the general overall design 

of the colors—the manipulation of pictorial factors—which modifies 

the interrelationship of colors. Color response may be altered by 

the influence of shape or the proximity of colors to each other which 

affect the fixation points by which color comparisons are made. It also 

considers the concept of color as background. 

Sources of Data: Books on Color 

This problem required the identification of a number of authora-

tive books in the field of color for the purpose of applying content 

analysis techniques to them to secure knowledge about the importance 

and structure of certain concepts of color use. The necessary works 

did not need to be specific in their application to the field; thus, 
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all books related to color shared the same attention. Perspectives 

of art, psychology, physiology, physics, and others -were all con-

sidered equal in the problem. Such unrestricted sampling criteria 

promised a broader point of view for analysis, hence an opportunity 

to examine the breadth of one concept across many fields of color 

study. 

During the process of finding this sample, it was observed that 

the titles of some books seemed to recur frequently in color literature. 

From this the idea that a few works may be legitimately recognized as 

crucial to the study of color seemed tenable, and the problem of select-

ing the sample was modified to one of producing the most authoritative 

books on color. 

Countless recommendations for excellent books on color exist. 

Authors who find their principle persuasions about color in one or more 

of the areas previously mentioned, i.e., art, physchology, physiology, 

and physics, very often call attention of the reader to important 

publications. For this purpose reference lists are compiled. Such 

lists, however, are more often than not confined to a specific subject 

and thus limited by the context in which they are framed. Hence, a 

list of this kind is not easily accepted as representing all the best 

works on color. But, if a number of reputable authorities from a 

cross section of color interests were to agree on a list, this limitation 

might be overcome; that agreement could be obtained was feasible since 

writers often do share common references regardless of their field of 

color specialization (cf. Birren, 1969b, 1977; Itten, 1973). The final 

problem in identifying a sample for this study, therefore, became one of 
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finding the most highly authorative books ever written on color, 

selected in such a manner as to overcome the indifference which would 

be invited by too narrow a method of selection. 

Pro.ject Limitations 

The sample of works analyzed was selected subject to three limi-

tations: (a) all works analyzed were books written, translated, edited, 

or otherwise produced under a 19th or 20th century copyright; 

(b) a work needed to present information on color in such a way that 

the data could be categorized according to one or more ways of achieving 

color harmony, and it had to be possible to measure attribute emphasis 

in context; and, (c) works included in the sample were limited to those 

deliberately selected for the purpose. 

The decision about which materials to include in the study was 

guided principally by their degree of relevance to the stated research 

problem. In this respect three different sample sources were considered: 

(a) books deemed to be important to the study of color by a group of 

distinguished color experts; (.b) titles listed in a major catalog of 

references on the subject of color; and, (c) the content of selected 

bibliographies taken from books on color. 

Constructing the Sample 

The data gathering instrument used for the first sample source was 

an open form, or unrestricted type of questionnaire sent as a letter to 

each of several experts. A facsimile of the letter is shown in Figure A, 

Appendix B, Documentation, with copies of the responses shown in 

Figures B through F. 
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For the second sample source no instrument -was necessary. The 

book, Color Theory: A Guide to Information Sources (Buckley and Baum, 

1975)* was used in its published form. 

In the third part of the sampling method, that of collecting data 

from ll6 bibliographies, a method to facilitate the enumerating process 

was employed. Each bibliographic entry in the ll6 book population was 

transferred to a 3" x 5" card and intercalated into a master file. 

Cards were filed by author, and a cumulative record was made of the 

number of times a book was referenced. Recording was by a means of a 

simple four-digit code developed for the purpose. In this way, any 

entry in the master file could be traced to its original bibliographic 

source. Card data were counted and entered on a data worksheet; 

statistical treatment of the data then determined the books which were 

eligible for selection from this source. The method of constructing 

the 12-book sample from these three separate sources is described. 

First sample source. Expert opinion in the persons of six inter-

nationally known authorities in the field of color was employed. Each 

authority was asked to submit preferences of works which, in their 

opinion, were indispensable to the preservation of the knowledge of 

color. More specifically, the question was if all the books on color 

which are available to us in this century were suddenly destroyed 

except for five, which five would you personally want to see survive 

for your own use? The request contained an obvious attempt to obtain 

responses which would represent the true interests of these experts. 

Five requests were made and five responses were received. Some 

responses contained more than the five requested titles. The sixth 
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respondent, Itten, was adopted posthumously when it was discovered 

that he had in his writings answered the very question being posed 

(see Figure G) and when the death of Josef Albers, who was to have 

been the sixth respondent, occurred before the survey could be 

completed. 

The decision to limit responses to six opinions was arbitrary. 

Selection of those experts who were invited to participate in the 

survey was based on a common knowledge of their work in the field of 

color, plus a desire to have represented a good cross section of 

interests having international flavor. No attempt was made to single 

out the most authoritative opinions in the field, although any one of 

the six participants could well qualify for that distinction. The 

six authorities consulted ranged in occupation and interest from 

artist/teacher to scientist, and from psychologist to color consultant. 

Three of the experts were from the United States and three were 

from Europe. All had internationally known reputations for their work 

in color. For detailed information about these individuals, see 

Appendix B, Documentation. 

Of the 32 books named by the experts (see Table l}, one half, 

or l6, of them were originally published in a language other than 

English; viz., German, French, and Dutch, with the majority of the 

non-English works being originally in German. (The observation of 

MacAdam (196^) would seem to be correct, that anyone undertaking the 

study of color certainly ought to be familiar with the German language. 

German scholars have been prolific, and their research is pivotal in 

the progress of color theory and color application..} 
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Table 1 

Books Selected by Experts With 

Rank Order by Each Expert 

Expert Ranking, r_ 

a 
a> 
CO 

<D 

Book ^ 

£ -p r3 
<D •H T3 0 JL, U (D < Cfi u u -p O CD 
•H CD -p q5 O PQ O H PH 

2 1 2 Goethe, J. W. von. Zur Farbenlehre.a 

c.l8l0, 1970.* 

Chevreul, M. E. De la Loi du Con-

traste Simultane des Couleurs.^ 

c.1839, 1980.* 

Albers, J. Interaction of Color. 

C.1963, 19T5-* 

Helmholtz, H. L. F. von. Hand-

0 

buch der Physiologischen Optik. 

c.1856-66, 192U-25. 

Judd, D. B., and Wyszecki, G. 

Color in Business, Sciences and 

Industry, c.1952, 1975-* 
Itten, J. Kunst der Farbe.^ 

c.1961, 1973.* 

Runge, P. 0. Die Farbenkugel. 

C.1810, 1959. 

(Continued) 
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Teevan, R. C., and Birney, R. C. 

Color Vision. c.l96l, 1961. 

Wyszecki, G., and Stiles, W. S. 

Color Science, c.1967, 196?.* 

0 

Ostwald, W. Die Farbenfibel. 

c.1916, 1969. 

Arnheim, R. Art and Visual Per-

ception. c.195^> 197^-* 

Hunt, R. W. G. The Reproduction 

of Colour, c.19575 1975•* 
Mante, H. Farbdesign in der Foto-

f 

grafie: Eine Farbenlehre. 

C.1970, 1972.* 

Bezold, J. F. W. von. Die Farben-

lehre im Hindblick auf Kunst 

und Kunstgewerbec.l87^-? 

1921. 

Kandinsky, W. tlber das Geistige 

in der Kunst.^ c.1912, 1977.* 

11.5 

(Continued) 
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MacAdam, D. L. Sources of Color 

Science, c.1972, 1978.* 

Hickethier, E. A. Die Grosse 

Farbenordnung Hickethier.1 

c.1972, 197^.* 

Katz, D. Die Erscheinungsweisen 

der Farben und Ihrer Beeinflus-

sung Durch die Individuelle 

Erfahrung.J c.1911, 1970.* 

Roesch, S. W. Darstellung der 

Farbenlehr ftir die Zwecke 

des Mineralogen* c.1929, 1929. 

k. 

Gerritsen, F. Het Fenomeenkleur. 

c.1975, 1975. 

Albrecht, H. J. Farbe als Sprache. 

C.197U, 197U. 

Wright, W. D. Measurement of 

Colour. c.19̂ +̂ 5 1969.* 

(Continued) 
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Buchwald, E. Ftlnf Kapitel Farben-

lehre. c.1953, 1957. 

Hoelzel, A. (No book on color produced) 

Richter, M. Einfuhrung in die 

Farbmetrik. c.1976, 1976. 

Birren, F. Creative Color. 

C.1961, 1961.* 

Birren, F. Principles of Color. 

C.1969, 1969.* 

Birren, F. Color Perception in 

Art, c.1976j 1976.* 

Birren, F. History of Color in 

Painting, c.1965, 1965* 

Munsell, A. H. A Color Notation. 

c.1905, 19^6.* 

Munsell, A. H. Grammar of Color. 

C.1921, 1969.* 

Jacobson, E. Basic Color. 

c.19^8, 19^8. 

6.5 

6.5 

6.5 

6.5 

9.5 

9-5 

11.5 
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Book 
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Pope, A. An Introduction to the 

Language of Drawing and Painting, 

c.1929-1931, 1968.* 

Guilford, J. P. (No book on color) 

13 

Ik 

Note. Books are listed by original title. The earliest copyright 

date, c_, is given first, with the date of the last known edition follow-

ing. Reprints and multiple printings are not considered editions. 

Footnotes give the first English translations: 

aGoethe, J. W. von. [Theory of Colours] (C. L. Eastlake, trans.). 

18H0. 

"b 

Chevreul, M. E. [The Principles of Harmony and Contrast of Colours] 

(C. Martel, trans.). 185^. 

CHelmholtz, H. L. F. von. [Treatise on Physiological Optics] 

(J. P. C. Southall, Ed.). 192U-1925. 

^Itten, J. [The Art of Color] (E. van Haagen, trans.). 1961. 

eOstwald, W. [Color Primer] (F. Birren, Ed.). 19&9-

Mante, H. [Color Design in Photography] (E. F. Lissen, trans.). 1972. 

gBezold, J. F. W. von. [The Theory of Color in Its Relation to Art 

and Art-Industry] (S. R. Koehler, trans.). 1876. 
(Continued) 
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Table 1-Continued 

HKandinsky, W. [The Art of Spiritual Harmony] (M. Sadleir, trans.)* 

19lU. 

1Hickethier, E. A. [Hickethier Color Atlas] (S. W. Roesch, Ed.). 

1972. 

^Katz, D. [The World of Colour] (R. B. MacLeod and C. W. Fox, trans.). 

(Translation of 1930 edition, Der Aufbau der Farbwelt). 1935-

kGerritsen, F. [Theory and Practice of Color] (R. de Vriendt, trans.), 

1975-
% 

Books known to "be in print in 1980. 
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Original publication dates of the 32 books named ranged from 

1810 to 1976. The average publication date was 193*+; half of the 

works were copyrighted after 195^- This would suggest that, given 

the long history of color study, the list represented a relatively 

modern cross section of books; however, it should be pointed out 

that two of the top ranked books in the survey were published in 1810 

and 1839. 

Further evidence of the importance of these 32 books existed in 

the fact that 20 of the 32 works were known to still be in print in 

1980. Others had been in and out of print throughout their publica-

tion histories. All but five of the non-English titles had been 

translated. 

Second sample source. Color Theory: A Guide to Information 

Sources, compiled by Buckley and Baum (1975)* was the second data 

source in the study. The books listed in this catalog of titles on 

color were cross tabulated with the titles named by the experts. 

Books named by both sources were retained. 

The Buckley and Baum catalog was used in this phase of construc-

ting the sample because of its selective nature and its general scope 

of color interests. A fairly large population of books on color were 

recommended by the authors. This selective bibliography was chosen 

over such excellent bibliographies on color as that of Richter (1952-

1963) and Godlove (1957), for example, which provided comprehensive 

coverage of both books and articles in the field but which lacked 

discrimination concerning the works listed and which carried no 

recommendations for the reader, hence their inappropriateness to meet 
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the criteria of deliberate selection required by the study and fulfilled 

by the Buckley and Baum catalog. 

Color Theory is the most ambitious selective color bibliography 

of its kind. Cross indexing and annotations are given for 302 titles 

in 22 separate categories of color interest. The book, published by 

Gale Research Company of Detroit, is volume two of the art and archi-

tecture information series. 

Third sample source. A total of 6,3̂ -7 book titles from ll6 

bibliographies of books on color were gathered to create a universe of 

titles from which to select a sample. As part of this procedure, a 

frequency distribution step was used to determine the number of times 

each of the 6,3̂ -7 titles was cited by different sources. A total of 

9,07̂ - references were recorded, distributed over categories of from 

one to twenty-one references per book. A title referenced seven or 

more times in the study was retained, producing a sample of 78 books. 

These 78 titles were cross tabulated with the lists from the first and 

second sample sources and books common to all three lists were 

retained (see Table 2). 

The seven-reference cutoff used for the third sample source was 

determined by the use of a conditional probability model * This model 

and the intersection method of sampling is fully described in 

Appendix C, Probability and Intersection, The method is generally 

predicated on the belief that certain known data in a problem will 

influence the probability of outcomes derived from the problem. In 

the problem of the book references, the question was one of finding a 

reference cutoff level which would reduce as much as possible the 
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• Table 2 

Books Selected by the Intersection of Three Sampling Designs 

Design Intersections 

Author, Short Title I fl II I fl II fl IIIa 

Albers, Interaction of Color X X 

Arnheim, Art and Visual Perception X X 

Bezold, Theory of Color X 

Birren, History of Color X 

Chevreul, Principles of Harmony and Contrast X X 

Goethe, Theory of Colours X X 

Helmholtz, Physiological Optics X X 

Itten, Art of Color X X 

Jacobson, Basic Color X 

Judd and Wyszecki, Color in Business, etc. X X 

Kandinsky, Concerning the Spiritual in Art X X 

Katz, World of Colour X X 

Munsell, Color Notation X X 

Ostwald, Color Primer X 

Pope, Language of Drawing and Painting X X 

Teevan and Birney, Color Vision X 

Wright, Measurement of Color X X 

Wyszecki and Stiles, Color Science X 

aI fl II fl III means Design I intersected with Design II intersected 

with Design III. 
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probability of including a book by random chance but still be able 

to obtain a sufficiently large sample from the book population. 

The source of the ll6 bibliographies was the Buckley and 

Baum (1975) catalog of 302 titles on color, of which 117 titles had 

bibliographies or reference lists. The remaining 186 titles did not. 

One book, Physiological Optics, by Helmholtz (c. 1856) was not 

surveyed. 

Physiological Optics. This book represents an unprecedented 

scope of research in the field of color study. The exhaustive list of 

references, which is approximately equal to the total of the references 

of the other ll6 books in the survey combined and the uniqueness of 

the treatise in the sample—it being the oldest originally published 

work in the survey—required special consideration. Helmholtz would 

seem to stand as a singularly important figure in the field of optics 

and color (Cohen and Gordon, 19^9)> and the omission of his work from 

the survey was one born of respect for his historical position in the 

field, as well as one of practical necessity in the enumerating 

process. With this single exception, however, all books recorded by 

Buckley and Baum as having bibliographies or reference lists were 

included in the survey sample. 

When writing a book, an author nearly always has occasion to 

refer to the writing of other authorities. Such references may be 

considered to be indications of a relationship between the material 

in the source and the new work being prepared. Since each work in the 

Buckley and Baum catalog treated color in some manner, each of the 

78 works finally retained from the third sample source was ostensibly 
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related to color in some way also "by virtue of having "been included 

in seven or more of the ll6 original parent sources. 

The employment of a work such as Buckley and Baum in 

sample source three was supported by Robinson (1971)5 who reported 

that the most likely source of titles for retrospective bibliographies 

were bibliographies of bibliographies and bibliographies in books; 

the Buckley and Baum catalog, of course, conformed to both modes. 

Twelve important books on color. The array of titles selected 

by the experts alone presented an impressive collection of works on 

color. However, when the three separate lists from the three differ-

ent sample sources of experts, Buckley and Baum, and bibliographies 

were intersected, the importance of the 12 books common to all 

three lists was unmistakably reinforced (see Table 3). 

The method employed to generate these titles was one of an 

appeal to authority. Here the advice of Robinson (1971) "was particu-

larly useful: 

It may safely be said that the larger the field the 

greater the need for selection . * . [and,] if selec-

tion is to be made with safety, we must pass from the 

sphere of the bibliographer to that of the subject 

specialist . . . . Do not be selective unless you are 

confident you know what you are about or have the 

advice of an expert (p. 19 )• 

While anyone may compile a personal list of great books on 

color, having color authorities of the highest possible professional 

and scholarly merit do it for you adds a better measure of general 
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Twelve Important Books on Color 
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Author, Short Title 
Recent 

Copyright 
Originally 
Published 

Albers, Interaction of Color 1975 United States 

Arnheim, Art and Visual Perception 197^ United States 

Chevreul, Principles of Harmony and Contrast 1980 France 

Goethe, Theory of Colours 1970 Germany 

Helmholtz n Physiological Optics 1921+-25 Germany 

Itten, Art of Color 1973 Germany 

Pope, Language of Drawing and Painting 1968 United States 

Judd and Wyszecki, Color in Business, etc. 1975 United States 

Kandinsky, Concerning the Spiritual in Art 1977 Germany 

Katz, World of Color 1970 Germany 

Munsell, Color Notation 19^6 United States 

Wright, Measurement of Color 1969 Great Britain 



acceptability not usually available to individual opinions. The level 

of acceptance for a bibliography of this type is proportional to the 

recognized expertise of those individuals contributing to its 

construction. 

It is conceded that all the names associated with this study are 

probably not equal in their expertise on color; some are more outstand-

ing professionally in other areas besides color. Nevertheless, the 

types of books selected in the final sample of 12 books added a 

refreshing insight about the use of color and about the types of books 

which were thought to be important outside the strict realm of rigid 

color study and research. 

This same broad scope of interests was one of the satisfying 

characteristics of the catalog of works prepared by Buckley and Baum 

which embraces a wide range of color applications, not all of which 

occupy the usual categories of color study. Writing about their work, 

Buckley stated: 

The books selected for this bibliography were chosen 

because they contain enough references to color to make 

them valuable documents . . . . This bibliography is for 

the artist interested in the pursuit of the mysteries 

of color and is not intended to supply information about 

books that will tell anyone "how to" apply color in any 

of the visual arts. Rather, I have included those 

sources that have influenced the concepts, theories, 

and particularly the paintings of practicing artists. 

Books have been included that were source material for 
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artists who wrote about color for educational 

reasons as well as those that stimulated lyrical 

ideas (p. ix-x). 

Therefore, while some books may not be specifically about color, they 

are sufficiently related to the subject to make them of value to the 

field. 

The further development of this concept, which may be called 

acquired color theory, is worthy of additional study. It is frequently 

in the use of color rather than in its examination that the most 

profound revelations about its nature occur. Going through various 

levels of acquired meaning does not necessarily involve a departure 

from the subject of color. Second and third generation data, such as 

that obtained from most books, acquire to themselves a certain theory 

about the nature of color and its use, especially upon consideration 

of the various contexts in which respective data are referenced. 

In any event, defense of the theory of acquired color meaning is 

beside the point in the present study since the relevance of the 12 

books on the final list to color is evident to anyone familiar with 

the literature on color. Indeed, the reputations of these books are 

sufficient in most cases to assign to each of them the status of 

literary classic in the field. 

Evaluation of the sample. Confinement of the sample to just 

12 books required statistical analysis to establish a confidence in 

the purposiveness of the sample. The theory of probability was 

introduced and designs of a priori and a posteriori probability were 

applied to the data. It was found that the probability of random 



chance being an influence in the selection of the sample was not 

tenable. The best estimate for selecting a single work at random 

from the three sample designs was placed at 0.03 . 00U. Therefore, 

it was concluded that all 12 books were obtained as the result of 

deliberate selection (see Appendix C, Probability and Intersection). 

Methods of weighting the 12-book sample were employed for 

setting books equal in the population, preparatory to testing the 

level of agreement among the three sample sources. The order of 

preference for books in the sample was evaluated. Distinctions 

regarding category of color study, publication date, and population 

size were noted in the sample and weighting factors were computed 

to compensate for these variances. The reliability of the sample 

was evaluated using the appropriate nonparametric statistical tests. 

Interrater correlations were computed to assess the strengths of 

preferences in the sample. 

It was found by the Spearman Rank Order method that the 

agreement between the weighted and unweighted rankings of the sample 

was 0.93 at the .001 level of significance. Pearsonfs r was 

estimated at 0.9^ at the .0001 significance level. Therefore, no 

significant differences in the before- and after-weighting rankings 

were observed. Tests also revealed that there was little or no 

agreement between the rankings of the three sample sources. Substantial-

to-marked agreement of each source with the composite 12-book sample 

produced the conclusion that the sample adequately represented each 

of the separate sample sources. It appeared prudent, however, in 

view of the findings, to abandon thoughts of creating a strong hierarchy 
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of works on color from this sample; rather, it was more realistic to 

assume that each of the three lists of books was unique to its re-

spective source and that the 12-book sample was the "best available 

compromise of the three sample sources. 

The best agreement with the composite ranking was with the 

experts. This agreement improved somewhat in the weighted ranking 

suggesting a slight effect of the adjustment of data for sample size 

when combined with other aggregate weighting adjustments. A complete 

description of the sample evaluation method is given in Appendix D, 

Evaluation. 

Meanwhile, it was also important in this study to establish as 

much as possible that the deliberate selection of the 12 books in the 

sample was based on the content of the works and not on some other 

variable of less relevance to the analysis of content. Therefore, a 

total of 17 variables, which were descriptive of a book and its author, 

were tabulated for each of the 12 works. An analysis of the 12 data 

profiles failed to show any conclusive agreements among the works 

that would indicate a bias strong enough in the sample to compete 

with content as the principal selection criterion. Some possible 

influence was detected in the areas of author sex and nationality; 

however, this, too, was regarded as highly improbable and not likely 

to dilute the importance of the content variable. From the data 

profiles it was also possible to construct a description of the 

average book in the sample and its author, including the observation 

that the average author was about 50 years old when he wrote his book. 
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For futher information on the descriptions of the 12 "books, see 

Appendix D, Evaluation. 

The literature on color is "voluminous. Books alone account for 

an extraordinary amount of information; and, while any attempt to 

reduce this vast universe of knowledge on color to a few "books will 

no doubt meet with skepticism in some quarters, it is, nevertheless, 

appropriate for a field of study now and again to assess its pro-

ductivity, even toward naming those works within its scope which are 

thought to be critical to the field. Acceptance of any list naturally 

rests on the credibility of its method of composition; but, the need 

for finding those works to which is attached the greatest possible 

meaning and purpose in the study of color is no less significant. 

Chronology of 12 important books on color. With the vast amounts 

of diversified information available on the subject of color, it was 

of interest to review the 12 books selected in the study for their 

places in the continuum of the history of color literature. A chrono-

logy of the 12 authors was prepared beginning with Goethe in 17^9 and 

ending with Wright who was born in 1906 (see Table h]. 

Following a lapse of nearly 39 years after Helmholtz, the 

chronology table points up the fact that Munsell, Kandinsky, and Katz 

completed major books on color within a six year period. Later on, 

a comparable span of h2 years, broken up by Pope in 1929 and Wright in 

19bb, elapsed before Judd, Arnheim, Itten, and Albers led a similar 

literary blitz on color, adding four more major works to the literature 

within an 11-year time frame. 
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Table 1+ 

Chronology of 12 Important Books on Color 

1750 1775 1800 1825 1850 1875 1900 1925 ' 1950 1980 

Goethe 
llW- 1810 1832 

Chevreul 
1 T 8 6 1 8 3 9 1889 

Helmholtz n n 
1821 1O56-D6 189^ 

Munsell 
1858 I905 1918 

Kandinsky 
1866 1912 19^4 

Pope 
1 8 8 0 1 9 2 9 1976 

Katz n 

1881+ I911 I953 

Itten 
1888 1961 1967 

Albers 
1888 1953 1976 

Judd 
1900 1952 1972 

Arnheim 
190U l95lt 

Wright 
1906 194I1 

Note. The original copyright dates are indicated on the graphs 

by the symbol "0"; beginning and ending dates give the life span of 

the author. 
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Although Isaac Newton is often considered to have originated 

the idea of systematic investigation of color, it was ironic to 

note that Optiks was not selected in the sample of hooks; that, 

instead, the chronology begins with Goethe, NewtonTs most vocal critic 

on color. 

On a more personal note, seven of the twelve authors represented 

in the sample were born within a period of 26 years, from 1880 to 

1906, and were educated at a time when color and art underwent profound 

changes in both study and practice. 

Content Analysis 

Content analysis is generally defined as a research technique 

for the objective and systematic description of the manifest content 

of communication. An analysis of content may be either quantitative 

or qualitative depending on the research problem and the objectives 

of the investigation. Due to the nature of the material analyzed in 

the evaluation of color harmony attributes {wiz.9 subjective and 

often abstract theories on color harmony), the present study was 

largely qualitative in nature. 

It was a systematic survey of selected theories and writings 

on color taken from a specific time period (viz., the 19th and 

20th centuries). While it was believed that qualitative data in this 

instance would have adequately provided the information sought, con-

clusions based on impressions, personal judgments, and inferences 

alone were apt to be challenged as to their reliability and validity. 

Therefore, in order to give others the opportunity to replicate the 
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findings presented, much of the material used in the study was 

quantified—measured—according to acceptable statistical practice, 

and a specific plan of systematic research was followed. 

Content analysis research methods were adopted to produce data 

having specific bearing on the hypothesis, data which satisfied the 

demands of the problem and which satisfactorily demonstrated the 

conclusions of the study. The research plan did not seek to prove a 

biased objective, but rather to investigate in an unprejudiced way 

those categories of information relating to the hypothesis. 

Categories. The boundaries of the categories of data information 

were defined under the section "Definition of Terms" and constituted 

the mechanism for testing the hypothesis. These categories were 

divided into a series of sub-categories, or indicators, which clarified 

and expanded the individual categories (see Table 5), 

The ultimate goal of a content analysis is to categorize infor-

mation so that it may be studied. Inasmuch as categorization is a 

human process, every precaution was taken to avoid any possibility 

that the categories or indicators might dictate in any way the con-

clusions of the study; the terms used were not arbitrary but were 

those synthesized from the available literature. At the same time, 

equal attention was given to the terms to see that they were tailored 

accurately to fit the needs of the study, that they were exhaustive 

enough to provide valid material for the construction of the color 

harmony conceptual model and, as much as possible, to see that they 

were mutually exclusive. 
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Table 5 

Categories and Indicators of Color Harmony Attributes 

Attribute Category- Indicator 

Order 

Similarity 

Association 

circular principle, chord, color solid, color 

space, elliptical principle, equal spacing, 

equidistant, interval, locus, organization, 

paths, plan, regular path, ring star concept, 

scales, schemes, score, sequences, single 

surface principle (planes), straight-line 

principle, system, unambiguous, uniformly 

scaled, unity, absolute harmony. 

affinity, analogous, arrangement, attraction, 

clash, color connection, color sets, combina-

tion, commonality, concordance, consistency, 

consonance, constellations, contrast, coordina-

tion, discord, disharmonious, monochromatic, 

mutual, predominance (of hue, etc.), replusion, 

sameness, approximate harmony, similarity of 

the dominant, similarity of the subordinate, 

structural contradiction, structural inversion, 

subordinate elements, themes, relationship, 

appropriateness, color retention, familiarity, 

local color, memory color, natural color, 

preference, preferred direction, purpose, 

realistic, recognizable, symbolism, taste. 

(Continued) 
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Table 5-Continued 

Attribute Category- Indicator 

Attitude 

Tone 

Area 

Interaction 

Configuration 

atmosphere, balance, character, climate, cool, 

effect, essence, expression, soul vibration, 

inner need, intuition, mood, rhythm, felt unity, 

brightness, brilliance, broken, chroma, clean-

ness, depth, heavy, hue, insistence, intensity, 

pronouncedness, purity, saturation, shade, 

strength, surface gloss, temper, temperature, 

timbre, tint, transparency, value, warm, weight, 

angular size, caricature, color measure, dis-

placement, enlargement, extension, magnification, 

miniature, proportion, quantitative, ratio, 

reduction, relative size, scale, harmony of 

attraction. 

adaptation dynamics, appearance modification, 

false color, hue shift, illusion, influence, 

intersection, leveling, outer equalization, 

sharpening, simultaneous contrast, successive 

contrast, visual displacement. 

background, color distance, composition, design, 

direction, form, juxtaposition, orientation, 

placement, proximity, recurrence (extension in 

number), shape, space. 

Note. Terms listed are from literature on color and are used in 

context to describe some facet of color harmony or color use. 
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Content analysts generally agree that the categories contain 

the substance of a study "because a content analysis can be no better 

than its system of categories (Berelson, 1952). However, it has also 

been shown that there is no particular best way in content analysis 

to reveal the characteristics of content, and the literature shows 

that category, or indicator, development depends on the individual 

problems presented in a study; that is, every content analysis is 

unique (Budd and Thorp, 1965). 

The research design was developed to present a consistent plan 

through which the study could be realized, whereby (a) the hypothesis 

adequately expressed the problem; (b) the categories adequately 

expressed the hypothesis; and, tc). the definitions and indicators, 

or sub-categories, adequately expressed each category. 

Direction. Direction in this study referred to the attitude 

or preference of an author or data source for one category or attri-

bute of achieving color harmony over another. This preference was 

detectable through its intensity; that is, the strength and degree 

to which it was developed by the author of the source. Due to the 

abstract nature of some of the harmony categories and the data generally 

available on the subject, the investigation required that certain in-

ferences be made about the intention or effect of materials provided 

by some of the information sources. But, Pool (1952) has said; 

There are times for standardization, there are 

times for rigorous but unique categories, and 

there are even times for the free play of the 

analyst's intuition on what goes with what (p. 216). 
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By adopting a practical rather than a totally analytic procedure, 

the data were able to be "brought to focus more or less precisely on 

the research problem and its hypothesis. 

Measurement. Inasmuch as this study was aimed more at iden-

tifying and describing color harmony attributes than at generating 

data concerning trends of attribute validity in the general popula-

tion, measurement was not considered a critical part of this analysis. 

Nevertheless, a plan of measurement was developed to provide a 

uniform means of data collection and to support the reliability of 

the study. A complete set of guidelines for replicating the study 

is included in Appendix E, Replication. 

The principal type of measurement employed in this study was 

counting. The content of the items was examined and an enumeration 

percentage calculated to show the direction and attitude toward 

specific techniques of color harmony by their respective authors. 

Collecting'the Data 

A simple counting procedure was employed to determine the 

relative amount of space given to color harmony in each of the 12 

sample books. Data counts were recorded in the eight categories of 

definitions. The amount of space assigned to each definition was 

taken as a measure of preference by an author for one meaning over 

another. Potential weaknesses of this type of measurement have 

not been ignored. Best (19701 has cautioned: "It is well to 

remember that the emphasis in documentary material is not always 

accurately evaluated by frequency of appearance or quantity of 

space occupied." But, he adds, "The frequency of appearance or the 
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proportion of space occupied may provide a basis for the analysis 

of data" (p. 133). This procedure of counting, given its imperfec-

tion, vas still the best available method of analysis for this 

problem. 

Scope. A total of approximately 151,650 lines of copy were 

included in the 12-book sample. Through the use of a content 

targeting technique, it was possible to refine the sample to less 

than half that number of lines for the final analysis. Data were 

taken from 1,359 paragraphs in examinations over a period of time 

from November, 1976, to August, 1980. In the cases of non-English 

titles, the most acceptable transalation of each sample work was 

analyzed. No other assistance was used in any of the data gathering 

steps. 

Instruments. A work sheet designed for the purpose of collec-

ting data in the study was used to record the copy line counts for 

each paragraph analyzed Gsee Figures 1 and 2). The work sheet con-

sisted of a cover page and tabulation sheets in sufficient number 

to record results from the targeted contents. The cover sheet 

contained descriptive information concerning the researcher and the 

book being analyzed, as well as terms and instructions to be employed 

In the targeting process. The tabulation page listed the categories 

of harmony definitions with places for recording paragraph line counts 

under each attribute category. Each page contained space for data 

from 20 paragraphs of content. Additional pages were used as required. 

Review of the Method 

Nationally recognized authorities in various areas of color 

study to include art, science, and psychology were invited to 
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4 

CONTENT A N A L Y S I S WORK SHEET FOR A 

STUDY OF COLOR HARMONY MEANING 

SERIAL C«l], 1 DATE 

RESEARCHER u-rLJA-

PLACE u.—v l ̂  ^. 

SOURCE AUTHOR To p >. 6 

SOURCE TITLE ~TKt o 1 l^ra^ Iry ifkUK^ 

PUBLISHER U . X : Ruy/cll gug/eJI 

COPYRIGHT YEAR Wy<7 EDITION 3 r d 

FIRST 20TH CENTURY COPYRIGHT I ̂ 2 1 LAST IN PRINT tlfO 

TEN PAGE BLOCK T j - f P . N o . Lines 3 3 ^ 

Divided by ten equals 2JI. 3^ Average No. Lines Per Page, 

Times /J^P Total Text Pages Equals $ 0 r 7 & Total Lines. 

TARGETED MATERIAL (Chapters or Sections) Ckfh £. - *=? j t 

T - T T L p a g e n o s . / s ~ & 

INDEX ENTRIES: Color: Mai i*vAey€>4 

_ Affinity __Order 
^Arrangement* Organization* 
Balance* Relationship* 
Combination* Scheme* 

_Compos i t ion _Sequence 
Concordance Similarity 
Coordination* System 
Design _ T o n e 

Family Unity* 
Harmony* Use* 
Interval Other 
Juxtaposition *Key Terms 

* £ COMMENTS AND UNIQUE ATTRIBUTE INDICATORS: 

fcj .-4a. A r t y , U . u s * A* f + t x A- b , a ^ ( 

A** / c \ /* TjT ft r ^ 

1 « ' //^ /L~'4»_ -rv * ,.t[A. r v . ^ CU^Hfr^-k, - dive J/ A 
P.nn^iAtldv* of a>AVaj^ 7 ; 

7 3 * 7 * L t M f T C V T o a s & w e q t / e f v c a ~ j C a r J + , 1 T y f ? A S c c ^ / c y 
r * * / e J T X f e - S S c e / c j 

^ f & J c / t * U * - ~ *0/ 

Figure 1. Facsimile of da"ta work sheet;, cover inforina'tion. 
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Figure 2. Facsimile of data vork sheet, tabulation form. 
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recommended works for inclusion in the study. Six persons provided 

ranked listings of titles for a total of 32 works. A special 

catalog of references (Buckley and Baum, 1975) produced another 

302 works, and a survey of ll6 bibliographies on color contributed 

a sample population of 78 works. Twelve books found common to all 

three sample sources constituted the sample for the study. 

Although the size of the sample was considered, the overall 

purposiveness of the sampling in this case gave greater weight to 

the representativeness of the sample as determined from the opinions 

of those selecting the sample than to size; that is, the qualifica-

tions of a case in the sample to represent the field of color was 

the principal determining factor of selection. No random or other 

type of sampling device was used. 

All due attention was given to the total data universe, but 

the final determination about which data sources to include in the 

investigation was guided by the belief that the appropriateness of 

the content to the problem was more important than rigorous sampling 

procedures which might produce more general findings. Such a 

direction in content analysis appears to be acceptable; Budd and 

Thrope (19&5 ) "wrote: 

Titles are rarely selected by employing random 

sampling methods. In most cases, the titles 

[are] selected either arbitrarily or purposively 

. . . . More often, the selection of titles to 

be studied is determined by the particular 

problem under investigation (p. 6). 



112 

Sampling in "this instance was complicated because "the information 

relating to the hypothesis came from diverse fields of study, few of 

which employed the same language in describing color harmony phenomena. 

Therefore, the decision as to which works to include in the sample 

was treated with singular high priority. To test the levels and types 

of color harmony meanings discovered in the sample, categories of 

definitions were identified, and a content analysis method was 

adopted to assess the differences in the perceived meanings. 



CHAPTER IV 

ANALYSIS AND FINDINGS WITH APPLICATION 
TO A CONCEPTUAL MODEL 

Analysis of Data 

Analysis is commonly defined as the resolving of complex expres-

sions into simpler or more basic ones. Anderson and Zelditch (1968) 

give a "basic procedure to follow in analysis, which consists of three 

steps: (a) summarize the relevant information; (b) compare the summary 

with some standard, if possible; and, (c) explain the results of the 

comparison by listing alternate explanations and testing them to see 

which one is the more reasonable. A personal objective of the analysis 

of the harmony investigation was to be able to express the findings of 

the research in the simplest manner possible, consistent with a logical 

ordering of the observed facts. 

Statistical Treatment 

Inasmuch as the nature of the distribution of color harmony 

meaning in the general population could not be related to the outcome 

of the analysis of the 12—book sample, only nonparametric tests of 

variable association were applied to the data. Data were organized in 

tabular values to facilitate their expression in rank order. Type II 

error, accepting a null hypothesis when it is, in fact, false—a common 

problem in nonparametric tests (Best, 1970)—was given due consideration 

in the statistical treatment of the data. Consultation of professional 

113 
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statisticians was utilized to insure compliance of the adopted proce-

dures with acceptable statistical practice and to subject the data to 

the appropriate tests for error. 

Raw data counts. A total of 3,38^ lines of color harmony copy 

were found in the 12 books surveyed, distributed unequally over the 

eight harmony attribute categories in the content analysis. The 

average number of harmony lines for an attribute was 1+23 and the aver-

age number of harmony lines for a book in the 12 sample cases was 

282 lines. The most coverage in a single book was by Itten (1973) 

with 730 lines, and the most attention given to one attribute was the 

788 lines of copy assigned to the "order" attribute category. The 

"miscellaneous" category of the study produced 30 lines of copy. It 

was subsequently eliminated from the statistical treatment since its 

data accounted for less than one percent of the harmony total. Two 

books, Helmho.ltz (192^-25) and Wright (1969), made no mention of the 

subject of color harmony. 

Conversion to relative values. The total number of copy lines 

estimated in each of the 12 books in the sample varied from a high of 

73,219 lines (Helmholtz) down to a low of 891 lines of copy (Munsell, 

19^6). This variance in book size created a pronounced inconsistency 

throughout the data bases of the sample. Furthermore, when the 

different layouts and formats of the 12 books were also considered, 

including type size, plus paragraph organization and other matters of 

writing form, any attempt to compare raw score data became misleading 

and resulted in faulty conclusions. Therefore, in order to obtain a 

relative measure of performance for the sample, raw data counts: were 
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Percentages of Color Harmony Attribute Lines 

in 12 Books on Color 
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Attribute Category 

Book Author 
<D 
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£ 
6 

CD 
<D 
£ 

H O 
a? a •P 
O Clj 
EH W 

Judd & Wyszecki 0.6 0-1+ o.U - - 0.1 0.2 0.1 1.8 

Arhneim 0.6 O.U 0.2 O.U 0.1 - O.U O.U 2.5 

Alters 0.9 - 0.1 0.2 0.2 1.2 O.U 0.9 3.9 

Itten U.2 0.7 1.5 2.0 2. U 2.3 3.3 2.7 19-1 

Chevreul O.U 1.2 o.U 0.1 l.U 0.3 l.U 0.5 5-7 

Munsell 12.5 1.2 2.3 0.7 2.1 5.1 l.U 1.1 26.U 

Pope U.6 1.0 0.2 1.0 3.U 0.7 0.6 1.1 12.6 

Kandinsky 0.2 0.3 0.9 0.8 2.0 - 0.3 1.5 6.0 

Helmholtz - - - - - - - - -

Wright - - - - - - - - -

Katz - - 0.3 0.1 0.1 - 0.1 1.0 1.6 

Goethe 0.8 O.U 0.6 0.6 0.6 0.1 0.3 o.U 3.8 

Mean 2.1 0.5 0.6 0.5 1.0 0.8 0.7 0.8 7.0 

Ratio8, 0.5 0.2 0.2 0.2 o.U 0.2 0.3 0.3 2.3 

Ratiô 3 
1.1 0.5 0.1+ O.U 0.8 O.U 0.6 0.7 U.9 

Note_. Computations are rounded to one decimal place; therefore, 

totals may not agree. 

(Continued) 
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Ta"ble 6-Continued 

a„ , . Total Harmony Lines _ 3,^1^ _ -w 
TRatio = — m , -i—-z 7-: = —z^o" - or d. 3A 

Total Copy Lines 151,o3o 

v, 3 i4.1I). a 
Without Helmholtz and Wright data, the ratio = ^^'^02 = 
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converted to percentages, thereby rendering the data comparable in 

all 12 cases (see Table 6). 

Standard of expected percentages. The data were subject to in-

terpretation only relative to each other within the context of the 

research design, i.e., they were nonparametric. But it was useful to 

know how the attention to color harmony in a book compared with other 

interests within the general field of color study. In other words, if 

a book devoted 2.5, 3.8, or 12,6 percent of its contents specifically 

to color harmony, were these figures high, average, or low concentra-

tions of information relative to other possible subjects falling 

within the scope of color study? Unfortunately, a prohibitive amount 

of empirical research would have been required to obtain a real statis-

tical standard which would normalize the data. This was not done; but, 

a theoretical base was established. In all cases of content anlaysis, 

the literature is partitioned in some systematic manner. In the present 

study eight categories of data were developed for the purpose. 

Similarly, the field of color study is usually separated generically 

into topics. A suitable organizational scheme, then, could afford a 

list of several data categories to serve as equal chance divisions of 

the subject content of a book. Such organizational schemes were found 

to exist. Most visible were the Library of Congress and Dewey Decimal 

book classification systems. In each of these, partitions of the 

subject of color—including color harmony—were given. Bibliographies 

were another likely source of topic organization. Richter (.1963)5 for 

example, listed harmony as one of several different subject headings 

in his catalog of references. The Buckley and Baum (.19.75) catalog 
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gave 22 subject divisions for color, including harmony. Because of the 

large number of divisions--22— and since the Buckley and Baum catalog 

was already associated with the study, it was used as the standard 

of comparison. Hypothetically, any book on color could treat infor-

mation in each of the 22 categories as being equal. Such is rarely 

the case in practice; but, by applying the statistical idea of equal 

chance partition of the subject of color, a sound theoretical basis 

on which to fabricate a standard was obtained. 

Figure 3 shows comparisions of emphasis placed on color harmony 

relative to the theoretical standard of h.k percent derived from the equal 

chance method described; i.e., dividing a work into 22 parts, plus 

one additional category for classification of miscellaneous informa-

tion ClOO^/23 = h.k%). The significance of this comparison is described 

in the chapter on the findings of the study. It is noted here, however, 

that the 12 books surveyed included higher than expected attention to 

the subject of color harmony. 

Expression in rank order. The raw data scores were rank ordered 

by harmony attribute and by author. Table 7 shows the order of 

emphasis placed on each attribute in each of the books analyzed. The 

relative rank of each book according to its attention to each attribute 

is shown in Table 8. Rankings were calculated for the sample without 

the Helmholtz and Wright data. Since no data assignments came out of 

either of these works, the separate handling of these two cases was 

felt to be justified. 

Value index of reference. Harmony attribute and book rankings 

in Tables 7 and 8 were arithmetically combined into an index of 



119 

o 
o n 

v o 
OJ 

On 

LPs 
OJ 

O 
CM 

-=t 

a 
a3 
0 

S 

<t3 
0 

- P 
o 
0 

X 
w 

o 

t— 

a 
cd 
0 

S 

0 > 
U 
0 
CD 

rQ 
O 

VO 

OJ 

t>-

L f \ 

O 

ON 

o n 

o o 
L f \ 

OJ 

v o 

I—I 

0 0 

- or 

!h 
0 & 

1 

o 
o 

PQ-

M 
a 
0 
N 
03 

£ 
08 

T j 

•~D 

a) 

£ 

CD 
Jh 
0 

C3 
CD 

- P 
- P 

0 

0 & 
o 

I—i 
I—I 
0 
CO CD 

ft 
O 

ft 

>? 
CD 

a 
• H 

a 
c5 

W 

tsl 
- p 

I—1 
O 

CD 
K 

tiO 
• H 

£ 
tsl 

- P 
a3 

W 

0 
A 
- P 
0 
O 

e> 

ctf 
0 

0 

- P 

- P 
• H 
> 

0 

03 

& 
a 
O 
o 

U 
o 

1—1 
0 o 
w o 
c5 

•P a 
£ o 
0 
o CD 
U 
0 o 

PH o 

0 
OJ 

• H r—1 
1-3 

fl 
?>> • H 

O CD 
a 0 

£ 
ct3 • H 

M rH 

>> 
ft 
O 
o 

£ 
o 
n 
JH 
c3 

, d 

O 
H 
O 
O 

CH 
O 

CD 
0 
bO 
ctf 

- P 
£ 
0 
O 

0 

ft 

o o 

0 

hQ 
• H 

0 
tiO 
a3 

- P 
£ 
0 
O 

0 
ft 

ctf 
o 

• H 
- P 
0 

- P 
o 

s 

<h 
O 

?H 
a3 

r d 

a3 
- P 
CD 

•P 
o 
0 

•r-D 

I * 
CD 

s 
a3 

0 
fcO 
a5 

- P 
a 
0 
o 
lH 
0 
ft 



Table 7 

Rankings of Eight Color Harmony Attributes 

in a Sample of Books on Color 
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Attribute Category 

Book Author 
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Judd and Wyszecki 1 3 2 7.5 7-5 5-5 It 5.5 

Arnheim 1 k 6 3 7 8 2 5 

Albers 3 8 7 5-5 5-5 1 It 2 

It ten 1 6 7 6 k 5 2 3 

Chevreul 6 3 5 8 1 7 2 It 

Munsell l 6 3 8 h 2 5 7 

Pope 1 k 8 5 2 6 7 3 

Kandinsky 7 6 3 1 8 5 2 

Katz 7 7 2 k 3 7 5 1 

Goethe l 5-5 3 k 2 8 7 5-5 

Sample l 5 6 7 2 8 It 3 



Table 8 

Rankings of Books by Emphasis Placed 

on Eight Color Harmony Attributes 
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Attribute 

Book Author 
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Order k 5 8 2 7 3 1 9 10 6 

Similarity 2 3 9-5 6 1 7 It 8 9-5 5 

Association 1 6 10 2 k 8 9 7 5 3 

Attitude 10 2 9 1 7 8 3 5 6 h 

Tone 10 7 9 3 2 6 1 5 8 k 

Area 6 8 5 1 k 2 3 9-5 9-5 7 

Interaction i+ 3 

LTN 
CO 1 2 7 5 8.5 10 6 

Configuration 9 h 8 2 5 10 3 6 1 7 

Color Harmony 6 h 10 1 3 7 2 9 8 5 
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reference to refine the analysis of the potential value of a "book to 

the study of color harmony. The index was an average of the attri-

bute ranking and the book ranking for that attribute. The index is 

shown in Table 9-

Books were indexed from 1 = excellent, to 10 = poor. The index-

ing method adjusted the sample for content and coverage; that is, while 

a book may have ranked high for a particular attribute, its relative 

position in the sample as to the amount of coverage it gave that 

attribute may have produced only a limited exposure. A good index 

ranking, on the other hand, suggested that a book, page for page, 

contained more information about a specified attribute than any other 

book in the sample. The best book on color harmony according to this 

method was Itten (.1973). 

Weighting for number of pages. In several cases the amount of 

space given to the discussion of color harmony was disproportionate 

to the amount of space in the same book devoted to other topics besides 

harmony. Therefore, this variable was equalized using a square root 

factor adjustment for the number of pages in a book. This method is 

described in Appendix C, Probability and Intersection. With the 

weighted index, it was possible to conclude that, of the books ranked 

in this study, the two treating color harmony in all its various 

definitions most exclusively were Munsell (19̂ -6) and Itten (.1973). 

Questions of Validity and Reliability 

Statistical and empirical tests were applied to the hypothesis 

of the study, the content, and the construct of the research method. 

A fourth area, that of criterion validity, was not tested since the 
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Table 9 

Index of Reference, Combining Rankings of Color 

Harmony Attributes and Authors' Emphases 

•Attribute Category 

£ 
a o ° 

;>> o o _p 
-P -H *£} a3 
•H -P <U "P £_I . 
U 03 2 C? 
ai *H 2 ® ho , S 

s d s s « •» s a 1 1 
nd g w -P <p -P £ j£ B 

Book Author o to < B < H & EH a 

Judd & Wyszecki 2.5 2.5 1.5 8.5 9 5-5 8 7.5 6 

Arnheim 3 3.5 6 2.5 7 8 2.5 U.5 U 

Albers 5.5 9 8.5 7 7-5 3 6 5 10 

Itten 1.5 7 U.5 3.5 3.5 3 1.5 2.5 1 

Chevreul 6.5 2 U.5 7.5 1.5 5.5 2 U.5 3 

Munsell 2 6.5 5.5 8 5 2 6 8.5 7 

Pope 1 It 8.5 It 1.5 b.5 6 3 2 

Kandinsky 8 7 5 U.5 3 9 7 It 9 

Katz 8 8 3.5 5 5-5 9 7-5 1 8 

Goethe 3.5 5 3 It 3 7-5 6.5 6.5 5 

Total 1 5 6 7 2 8 It 3 -

Note. Index = (Attribute Rank + Author Rank)/2; indexed from 

1 = Excellent, to 10 = Poor. 
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ability of the color harmony attributes in the study to produce 

consistent affective color responses was not known. Further research 

is required before they are fully understood or universally accepted 

in each case. 

Evaluation of the hypothesis, content, and construct of the 

research was guided by two thoughts: (a) that the validity of the 

study existed in its strength to measure what it said it was measuring, 

in this case, the types and levels of meanings given to color harmony, 

and (b) that the research data was a reliable outcome of the research 

method. A complete description of the validation of the study is 

included in Appendix F, Method of Validation. It was concluded that 

the coefficient of correlation of .86, using the cross tabulation, 

gamma method, best described the relationship between the several sets 

of data in a 300-paragraph random sample; and, that the composite 

ranking of attributes by four different readers satisfactorily predicted 

the outcome of the study at a rank order correlation of *6^, significant 

at the .05 level. The fact that the content analysis design was able 

to do this without the benefit of interval scores was considered more 

than coincidental and a relevant discovery about the research in its 

own right; that is, it is possible that future content analysis methods 

of this type may target paragraph information, rather than line count 

data without significantly altering the outcomes of the study. 

It was believed that the research method, as outlined and tested, 

adequately fulfilled the purpose for which it was designed; that is, as 

a tool to register color harmony meaning by assigning references to 

harmony in a sample of works on color to categories of definitions to 
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which color harmony was known to be attributed. The use of the method 

to record discrete levels of emphasis for each attribute was uncertain, 

but also apparently inconsequential to the outcome of the study. 

Having ascertained the validity of the content analysis method for 

gathering data, and with some preliminary understandings about the 

nature of the data relative to the 12-book sample, the study proceded 

to a more detailed examination of the facts related to color harmony 

meaning. 

Measures of Correlation 

The raw data from the survey were submitted to computer analysis 

using procedures outlined in Nie, Hull, Jenkins, Steinbrenner, and 

Bent (1975)- The Spearman Rank Order method for obtaining correlation 

coefficients was applied. The technique for computing Pearson1s r_ 

was also considered but was determined inappropriate in this case. 

The main purpose for measures of association in this study was 

to investigate the possibilities of finding consistency among the 

authors and the color harmony attributes which might strengthen the 

credibility of one or more of the attributes and/or its sources of 

reference in the sample. 

Zero-order correlation. Correlation is an indication of the 

degree of association between two variables. This index is called 

zero-order correlation when no controls for the interferences of other 

variables are made. Zero-order correlation coefficients indicate the 

degree to which variation (or change) in one variable is related to 

variation (change) in another, but gives no indication as to what 

factors caused the relationship. In order to infer cause, additional 
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information is required "beyond the simple correlation estimate 

(Anderson and Zelditch, 1968). Thus, no assumptions about the rela-

tionship between the variables were made in the analysis of the 

harmony data. 

It is important to note that a correlation coefficient is not 

a percentage, although the square of the coefficient is sometimes 

taken as an indication of the approximate percentage of the total 

variability in the data that is accounted for by a relationship 

between variables (Rickmers and Todd, 1967). Nevertheless, the 

question regarding size of the coefficient cannot be safely answered 

without knowing considerably more about the variables than the corre-

lation coefficient is able to explain by itself: "A correlation is 

always relative to the situation under which it is obtained, and its 

size does not represent any absolute natural fact" (Guilford, 1965, 

p. 105). The coefficient of correlation, then, is an index number, 

a summary measure of the strength of relationship. As such, it 

conveys a great deal of information and is often sufficient for 

many research needs (Nie, et at. , 1975)- Notwithstanding the fact 

that correlation coefficients are not necessarily proportional and 

that they do not reflect causal processes, they are, nonetheless, 

basic to research analysis. 

Correlation coefficients were calculated for variables contained 

in the content analysis study concerning two questions: (a) were 

there significant relationships between the attribute variables in 

the 12 books on color as to their relative emphasis in the sample? And, 

(b) which books in the sample showed the highest significant levels of 
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agreement in emphasis placed on the various attributes? The objective 

of the correlation analysis in the present study was to obtain reliable 

coefficients of correlation that were not zero and that were also 

statistically significant which denoted some degree of relationship 

between variables expressed in the two questions. 

Selecting the correlation method. Two types of correlations 

were considered in the data analysis, the Pearson Product-Moment (r_) 

correlation and the Spearman Rank Order method. Pearson's coefficient 

(r_) is the standard index of the amount of correlation between two 

variables (Guilford, 1965), and it was the preferred measure when its 

use was possible and convenient. However, the restrictions placed on 

the data in the color harmony study by the Pearson r_ tended to be more 

rigid than what was allowed for by the content analysis research 

design. Therefore, the Spearman Rank Order coefficient was also 

adopted. 

Spearman rho better fitted the description of the color harmony 

research design than did Pearson's r_. The rank diference method was 

particularly effective because the sample was small (Best, 1970); and, 

while it is not esstential that data be distributed normally to 

compute and interpret a Pearson r_, in cases of extreme nonnormality, 

as in this study, the better choice of correlation method was rho 

(Wert, Neidt, and Ahmann, 195*0. 

A chi square test of the hypothesis showed an unusually high 

incidence of nonnormality in the data (see Appendix F, Validation). 

Thus, the two factors, small sample and lack of normal data, plus the 

fact that Spearman requires only nonparametric, ordinal level 
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measurement (Nie, et at. , 1975)? made it more logical to disregard 

the size of the values in the distribution for correlation purposes 

and concentrate more on the Rank Order method. (The Pearson r_ 

technique utilized the values as they actually appeared in the distri-

butions, whereas the Spearman coefficient disregarded the values and 

considered only the ranks.) Because of the inconsistencies among the 

12 books as to space and emphasis devoted to the attribute categories, 

and their lack of randomness as a sample, the proportion of variance 

was not believed to be as appropriate for analysis as the ranking 

variance. 

Reliability of the Spearman Rank Order correlation coefficient. 

Guilford (1965) has pointed out that there is no generally accepted 

formula for estimating the standard error of rho. Confidence limits, 

therefore, could not, strictly speaking, be determined. However, 

Guilford has also observed, that in special cases, the rank difference 

coefficient is rather closely equivalent to the preferred Pearson r_, 

numerically. For example, when correlations are high, the level of 

confidence in rho for indicating the amount of correlation is about as 

reliable as :r applied to samples of the same size. "Consequently, rho 

is almost as good an estimation of correlation as the Pearson r" 

(Guilford, 19&5 > p. 108). 

Correlation and sample size. Another decision in the analysis 

was to identify values of rho which would be sufficient to accept a 

correlation coefficient as evidence of agreement between two variables 

in the study. For small sample sizes, such as the 12-book sample, and 

where the calculated correlation coefficient is low, there is 
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uncertainty whether or not real relationships between tested variables 

have been demonstrated. The level of acceptance of reliability for a 

coefficient5 therefore, is a function of sample size. Using the Dixon 

and Massey method (l95l)? and the Nie, et al. , integrated SPSS 

computerized system (1975), the confidence limits for the 12-bbok 

sample were found to be .51 at the .05 level of significance and .71 

at the .01 level. Coefficients were kept sufficiently high to avoid 

as much fcs possible instances of Type II error. 

In ferences. As with most statistical treatments, cautionary 

Sp 

levels o 

harmony 

emphasis 

no gener 

harmony, 

statements regarding inferences from the data analysis were respected 

in the study. The inherent limitations of the Rank Order correlation 

method were considered in the interpretation of the analysis results 

(Mills, 1955)« The small sample being tested was below what some 

authors have considered a "bare minimum" number of items (Davies and 

Crowder, 1933); and, although statistical methods have improved since 

such sampling standards were in effect, it was, nevertheless, decided 

to use the correlations from the sample tentatively, to be weighed In 

accordance with the nature of the problem, rather than to try to 

deduce a general rule. 

Color Harmony Emphasis in the Sample 

earman Correlation Coefficients were computed to determine 

f agreement among the books in the sample as to how the color 

attributes should be ranked according to their order of 

in the study. The results are shown in Table 10, There was 

al agreement found among the 12 books on the meaning of color 

insofar as its meaning could be attributed to a ranked list 
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Table 10 

Cross Tabulation of Spearman Correlation Coefficients for 

Order of Ranking of Eight Color Harmony Attributes 

by Terl Books on Color 

Book Author 
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Judd & Wyszecki .1+2 -.15 . 1 0 - . 0 2 • 5h - . 0 7 .1+5 - . 3 3 . 2 1 

Arnheim .1+2 - . 1 0 .1+3 -.07 -.ll+ . 2 1 - . 2 1 + - . 2 7 . 2 5 

Albers -.15 - . 1 0 . 6 7 * -.30 . 2 9 . 1 8 -.30 - . 0 9 - . 3 1 + 

Itten . 1 0 . 1+3 ^ * . 6 7 .11+ .13 .1+3 -.05 - . 0 2 . 1 6 

Chevreul - . 0 2 -.07 -.30 .11+ - . 0 7 .11+ -p
r 

OO
 

. 2 2 . oU 

Munsell • 5^ 

t̂ 
1—1 \ • 29 . 3 1 -.07 . 0 7 -.1+5 -.1+2 . 2 5 

Pope -.07 . 2 1 . 1 8 .1+3 .11+ .07 . 1 0 - . 1 2 

Kandinsky .1+5 

CM 1 -.30 

Lr\ 
0
 1 

OO 
-3" -.1+5 . 1 0 

* * 
. 9 0 .36 

Katz -.33 - . 2 7 -.09 - . 0 2 . 2 2 - . 1 + 2 - . 1 2 
** 

• 90 . 2 0 

Goethe . 2 1 . 2 5 -.31+ . 1 6 .01+ .25 

~=t 
LTN • 36 . 2 0 

Totals .2k .1+1 .06 . 6 7 * • 55 .19 .71+* .31 . 1 2 . 6 0 

£ < .05. 

& 
P. < -01. 
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of variables found to be frequently associated with discussions of 

color harmony in the literature on color. There was strong agreement 

between Katz and Kandinsky, who seemed to attach the most meaning for 

the harmony concept to factors of tone, configuration, association, 

and attitude. Itten and Albers, meanwhile, showed marked agreement 

on order, configuration, and interaction. However, neither pair 

agreed with the other, and relationships among all 12 cases proved to 

be well below significance levels. Therefore, it was concluded that, 

in the sample of works analyzed, color harmony existed under a variety 

of different emphasis of meanings for which no consensus of agreement 

could be foimd. 

Meanwhile, when factors of relative attention in each book were 

examined, numerous significant relationships were discovered, suggest-

ing that, while there was little agreement on the preferred rank of 

meaning for harmony, there was marked consistency in the relative 

emphasis placed on the eight color harmony attributes when taken as a 

group. This finding warranted further investigation. 

Discriminant Analysis 

Discriminant analysis is a classification technique whereby 

groups of data are assembled from initial research analysis to prove 

that variables in a group context will show associations between groups 

that were not possible when the variables were considered separately. 

Usually a stepwise procedure, and developed according to a user-

determined criterion, discriminant analysis can result in findings 

which are often of major theoretical significance (Klecka, 1975)- A 
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geometric, variable-discriminating technique was used to assemble 

groups of variables and to aid in the measurement of the importance 

of their relative functions. 

Determining the number of discriminant functions. The content 

analysis of 12 books on color produced raw data for each of eight 

categories to which the meaning of the term color harmony may be 

attributed. Spearman correlation coefficients identified significant 

relationships between variables in IT of 28 possible comparisons taking 

two attribute variables at a time; in 11 pairings, the measured asso-

ciations were not significant (see Table ll). It is customary in 

discriminant analysis to ignore insignificant functions (Klecka, 19751 

and to proceed with those which point to meaningful connections. 

Table 11 disclosed that the attribute, "interaction/1 had 

significant relationships with all seven of the other color harmony 

attributes. This unique analysis result illustrated the first of a 

series of regularities in the data, that of a centroid variable. The 

centroid variable was not a necessary requirement for the geometric 

discriminating method, but it tended to simplify the visualization 

process. 

The correlation matrix. With the known information of the 

significant relationships between variables and the centroid variable, 

a geometric matrix of correlations was formed, with "interaction" at 

the center and the other seven attributes arranged in circular fashion 

around it. Lines connected all variables for which a significant 

correlation coefficient had been calculated (see Figure U). For 

illustration purposes, coefficients found significant at the .05 level 
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Cross Tabulation of Spearman Correlation Coefficients 

For Relationships Between Eight Categories 

of Color Harmony Attributes 
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Order .66** . U 3 .53* .58* .85** # 77** .32 

Similarity .66** .65 .36 .51* .̂ 9 .86** .29 

Association .k3 .65* . U o .33 .33 .72** • k9 

Attitude • 53* .36 .ho .77** .35 .60* .81** 

Tone .58* .51* .33 . 7 7 * * .58* .62* .61** 

Area .85** .33 .35 .58* .71** .2k 

Interaction .77** .86** .72** .60* .62* . 71** • 52* 

Configuration .32 .29 .81** .6k* .2k .52* 

£ < .05. 

£ < .01. 
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were shown as dotted lines, while those at the a01 level were drawn 

solid. 

Tetrahedron solid. A visual inspection of the correlation matrix 

in Figure k revealed that the correlation vectors—dotted and solid 

lines—enclosed several solid geometric units, tetrahedron-like forms. 

These polyhedron forms, from the perspective of discriminant analysis, 

had the effect of grouping four variables into the closest possible 

geometric configuration, with four triangular planes defined by 

variables at each point joined to create the tetrahedron solid. Four 

such modules were interpreted from the correlation matrix, and they 

are shown in Figure 5-

The significance of the tetrahedron form to discriminant analysis 

should not be overlooked. As one of the five regular polyhedrons, it 

is the one which encloses the least volume with the most surface. 

Fuller (1979) has shown that the volume of all systems may be expressed 

in tetrahedra. Moreover, he believes that "when we add up all the 

accumulated relationships between all the successive experiences in 

our lives, they will always combine cumulatively to comprise a tetra-

hedron" (p. 60). And, as one of the principal describers of the 

lattices of the atoms, the tetrahedron is the only omnisymmetrical 

system that can be turned inside out. 

In the present study, the relative sizes of the correlation 

vectors were ignored and treated as one type and size; "signifi-

cant." But there is reason to believe that the geometric discriminating 

technique may be enlarged to include the useful element of relative 

vector length in the correlation matrix, in which case the matrix 
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Area 

Order 

Similarity 

Interaction 

Tone 

Attitude 

Association Configuration 

SPEARMAN COEFFICIENT MATRIX 

£ < .05. 

&< •01. 

Figure k. Matrix of Spearman coefficient correlations for eight 

color harmony attributes. 
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Interaction 

Tone 

Configuration 

Attitude 

Area 

Order 

Tone 

C3t 1 

Interaction 

Order 

Tone 

Order 
Attitude 

Similarity 

Tone Interaction 

Interaction Interaction 

TETRAHEDRON CORRELATION UNITS 

P. < • 05 • < . 01. 

Figure 5- Tetrahedron units formed from Spearman correlation 

coefficient matrix for seven color harmony attributes. 
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would nearly always "be irregular, and the tetrahedra would "be 

irregular polyhedrons. The outcome of the technique would "be 

comparable but visually different, and more or less consistent with 

the philosophy of the tetrahedron form depending on how closely the 

polyhedron resembles the ideal form. In this study the discriminated 

forms were not ideal, but were placed in that context for clarity 

since there was no affect on the assembly of the variable groups. 

Triangulate lattice. The four equilateral triangles of the 

tetrahedron sides were folded out into larger, flat triangular planes, 

segmented into four equiangle divisions. In this planar configura-

tion, it was observed that certain segments of each of the four 

extended solids were the same. Overlapping of these congruencies 

formed an optimal-correlation model which showed all the significant 

relationships between all the attribute variables in the color harmony 

meaning analysis. The model is shown in Figure 6. The important 

distinction between the model and, for example, the cross tabulation 

of Spearman coefficients in Table 11, which gave the same correlations, 

was that the optimal-correlation model also showed groups of attribute 

variables whose associations with other groups could be manipulated to 

significantly improve the measures of agreement in the study. 

Findings of the Study 

The triangulate lattice of the model in Figure 6 enclosed lU 

discriminant functions which were the optimal correlation groups of 

1+8 possible functions when eight attributes were considered three at 

a time. These triangulate functions were identified on the model by 



138 

Interaction 
Association 

Similarity 

Tone 
Siasin 

I Insito 

Ortoar Siorto 

Artom Toorm 

Armor 

Inatto 

Interaction 

Toatco Tone 

Tocoin r r 

Interaction 

Order 

Tone 

Attitude 

Atinco X) Interaction 

Configuration 

Interaction 

& < •05• 

& < -01. 

Figure 6. Triangulate lattice, optimal-correlation model for 

combinational analysis of color harmony meaning. 
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terms comprised of the first two letters of each attribute in the 

triangulate unit. 

Meanwhile, a second order of variable groups were those in 

which four triangulate units combined to form the tetrahedron lattice, 

or the four original tetrahedra shown in Figure 5. These four units 

represented the best correlation groups of 70 possibilities when 

eight attribute variables were taken four at a time. A fifth non-

polyhedron correlation unit was discovered to be formed by the 

lattice points of similarity, attitude, and area. Its unique proper-

ties were considered separately, as were the correlation properties 

of the Siasin triangulate unit which was not found to be associated 

with a tetrahedron unit. 

Spearman correlation coefficients were calculated for measures 

of association in each of the triangulate groups and the tetrahedron 

modules, as well as in the total variable assembly represented by the 

optimal-correlation model. It was found in all cases that the corre-

lations between groups were much higher than would have been predicted 

from the coefficients of the independent variables and, without 

exception, were significant at the .01 level. Tables 12 to l6 give 

the results of the Spearman Rank Order analysis of the grouped 

variables. 

Tetrahedron modules. The best measure of connection between a 

tetrahedron module and the correlation model was in the module iden-

tified as "tone.11 (The tone attribute defined the three corners of 

the tetrahedron module in Figure 6.) The .99 correlation coefficient 

for this module may be interpreted to mean that 98 percent—.99 —of 
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Table 12 

Attribute Combinational Effect on Color Harmony Word Meaning 

in a Tetrahedron Analysis Module, "Tone" 

Attribute Corr. 

Triangulate Tetrahedron Corr. 

Unit Corr. Module With Model 

Tone 

Order 

Interaction 

Order 

Tone 

Attitude 

Interaction 

Attitude 

Tone 

Interaction 

Order 

Attitude 

Toorin .99** 

.8U** 

.88** 

.89** 

.83** 

.88** -| Ortoat .99** -

.76** 

.89** 

.82** 

.89** 

.91** 

.87** 

.80** 

Inatto .95** 

Inorat .99** -

- Tone .99** 

**£ < .01. 
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Table 13 

Attribute Combinational Effect on Color Harmony Word Meaning 

in a Tetrahedron Analysis Module, "Order" 

Triangulate Tetrahedron Corr. 

Corr. Unit .Corr Module With Model Attribute 

Order 

Tone 

Area 

Area 

Tone 

Interaction 

Area 

Interaction 

Order 

Tone 

Order 

Interaction 

.90** n 

.8U** 

.86** 

.76** 

.90** 

.88** 

.90** 

,90** 

.91** -

,8U** 

. 8 8 * * -

,89** -

Ortoar .98** 

Artoin .96** -

Arinor .98** 

Toorin .99*® 

- Order # 97** 

**£ < .01. 
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Table 1^ 

Attribute Combinational Effect on Color Harmony Word Meaning 

in a Tetrahedron Analysis Module, "Interaction-A" 

Triangulate Tetrahedron Corr. 

Attribute Oorr. Unit Corr. Module With Model 

Interaction .91** -

Similarity .87** - Insito .96** -

Tone .83** -

Similarity .80** -

Interaction .c^** _ Siinor .98** -

Order .89** -

Similarity .8U** 
- Interaction ,97** 

(Alpha) 

Order .88** - Sioroto 1.00** -

Tone .76** -

Tone .81+** 

Order .88** - Toorin .97** -

Interaction .89** -

**£ < . 01. 



Table 15 

Attribute Combinational Effect on Color Harmony Word Meaning 

in a Tetrahedron Analysis Module, "Interaction-B" 

1U3 

Triangulate 

Attribute Corr. Unit Corr. 

Interaction .89** -

Attitude .82** - Inatto .95** _ 

Tone .89** -

Attitude .83** n 

Interaction .82** - Atinco .97** -

Configuration .88** -

Tone .90** -1 

Attitude 00
 

uo
 *
 

Toatco .95** _ 

Configuration .89** _ 

Tone .80** 1 

Configuration .90** - Tocoin .97** -

Interaction .76** -

Tetrahedron Corr. 

idule With Model 

- Interaction .93** 
(Beta) 

**£ < .01. 
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Table l6 

Attribute Combinational Effect on Color Harmony Word Meaning 

in a Tetrahedron Analysis Module, 

!? Similarity-Attitude-Area n 

Triangulate Tetrahedron Corr. 

Attribute Cor. Unit Corr. Module With Model 

Area .76** -1 

Tone .90** - Artoin .95** -

Interaction .88** -

Similarity .8U** -1 

Order 

Tone 

Tone 

Order 

.88** -

.76** -

. 8U** n 

.88** -

Siorto .98** -

Toorin 1.00** -

Similarity-

- Attitude- .99** 

Area 

Interaction .89** -

Interaction .91** -

Order .87** - Inorat .98** -

Attitude .80** -

**£ < -01-
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the variation in total emphasis placed on color harmony meaning in 

the 12-book sample may he attributed to the "tone" module (Anderson 

and Zelditch, 1968) and its harmony attributes of tone, order, inter-

action, and attitude. It was not possible from the data in the study 

to go beyond this interpretation with any attempts to assess the cause 

of the stated relationship. 

The accuracy of the finding for the "tone" module notwithstand-

ing, the finding for color harmony meaning goes still further. The 

module "similarity-attitude-area" showed a .99 correlation with the 

total sample also. It was considered less important than the "tone" 

module in its relationship to the model, however, because not being a 

tetrahedron form, it contained not four, but six attribute points; 

hence, its comparison with the model was very nearly a comparison 

with itself. It was, therefore, more strictly interpreted than the 

other modules. 

The additive effect of the data in all the group correlations 

contributed to relatively high coefficients. For example, the module 

"tone" accounted for 59 percent of the data in the model. This, of 

course, would explain the .99 correlation coefficient for 59 percent 

of the model, but did not explain the other kl percent, which also 

correlated at .99- Thus, the connection of the "tone" module to the 

optimal-correlation model was believed to be significant. Other 

connections were also high. The module of "order" and two interaction 

modules showed correlations and data combinations, respectively, of 

.97 at 59 percent of the data, .97 at 6l percent, and .93 at 50 percent 

of the data. 
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It was concluded that the emphasis on the combined color harmony 

attributes of attitude, tone, order, and interaction in 12 important 

books on color changes in proportion to the emphasis placed on color 

harmony in general. However, similar high orders of correlation were 

shown for other data groups, by substituting the attributes of con-

figuration, area, and similarity alternately for the term attitude. 

This suggested a special case for the attribute group of interaction, 

order, and tone. 

Triangulate units. The attribute group of tone, order, and 

interaction—identified by the descriptor Toorin on the model in 

Figure 6—was found to be included in three of the four tetrahedron 

modules, modules "tone," "order," and the two "interaction" modules. 

The same unit was also seen in the "similarity-attitude-area" module. 

In each of the four cases where it appeared, its correlation factor 

was .97 to 1.00, meaning that 9^ to 100 percent of the change In the 

tetrahedron modules was explained by changes in the Toorin triangulate 

unit. As before, the Toorin group accounted for over half the data 

with which it was being compared, but the very high correlation 

coefficients indicated a real measure of association. 

It was found also that there was a .99 correlation between the 

Toorin—tone, order, interaction—attribute group and the correlation 

model. This indicated that 98 percent of the variation detected in 

the model was explained in the Toorin group. As a result, the first 

finding of the study was refined to state that any discussion of 

color harmony in the 12 books on color in the sample likely included 

discussion of the attributes of tone, order, and interaction. Thus, 
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the meaning of color harmony, in this sample, was closely linked to 

the color meanings given to these three attributes. Furthermore, the 

findings showed that all discussion of color harmony in the sample 

included at least one of these three attributes; when two were included, 

their ability to influence the meaning of color harmony was generally 

higher and was highest in cases where all three were included. 

Other possibilities. The Toorin triangulate unit showed the best 

discriminant function of the triangulate units; it was by no means the 

only useful function. Several others existed in the model. For 

instance, the Arinor unit created a group composed of the attributes 

of area, interaction, and order, whose association in the group was 

better than .90. Another good discriminant function existed in the 

Siinor unit. In both cases, interaction and order were the common 

attributes. 

Resolution of the geometric, variable-discriminating technique. 

The ability of the optimal-correlation model to locate the strongest 

discriminating functions in the data groups provided a high order of 

confidence in the attribute groups evolved by its method. 

Using elements of combinational analysis, it was determined that 

the eight color harmony attributes taken two at a time would produce 

28 possible sets, taken three at a time would produce 48 sets, and 

70 sets if taken four at a time. From these possibilities, the 

correlation matrix technique selected only the best IT, lit and 1+ sets, 

respectively. 

Table IT shows the discriminating power of the geometric method. 

Measures of association were highest where discriminating functions 
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Table IT 

Cross Tabulation of Spearman Correlation Coefficients 

for ll+ Triangulate Correlation Groups 

• Attribute Category 

* Triangulate ^ 
< D 
Ti 

Unit £}. S
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l
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«H a 0 0 
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Ortoar (.90) • lb • 51 . 6 0 ( . 8 1 0 ( . 8 6 ) .83 .1+7# • 9b 

Insito • 71 (.87) . 6 2 • 70 ( . 8 3 ) . 6 0 (.91) .61+ • 96 

Siasin . 6 8 (.91) (.83) .52 . 6 0 . 6 1 (.97) .1+9# .81+ 

Arinor (.91) • 73 • 50 .61 .76 (.90) ( . 9 0 ) • 50 .91+ 

Artoin .78 • 72 • 57 • 7*+ (.90) (.76) (.88) .56 • 95 

Toorin (.88) • 77 .1+7# • 72 ( . 8 U ) • 19 ( . 8 9 ) • 57 • 99 

Siorto (.88) (.81+) .56 . 66 .76 .76 (.93) .57 • 97 

Siinor (.89) (.80) • 5U . 6 3 • 72 .82 (.91+) • 55 • 95 

Inatto .71 -lb • 59 ( . 8 2 ) (.89) . 6 3 (.89) .68 .96 

Inorat (.87) • 7 6 • 5 ^ (.80) . 8 0 • 75 (.91) . 6 0 • 98 

Ortoat (.83) • 77 • 57 (.76) (.88) • 73 .86 . 6 1 • 99 

Tocoin • 51 • 58 .6b .80 (.80) .1+7# (.76) (.90) . 8 5 

Toatco • 53 .be# . 1+7# (.83) (.90) .51 .61+ ( . 8 9 ) .85 

Atinco .50 .63 .65 ( . 8 3 ) .76 .1+1+# (.82) (.88) .85 

Model .81+ • 78 • 5U • 77 .86 .72 .88 .61+ 

Wote_. Parentheses enclose correlation coefficients for attributes 

within each triangulate unit. 

# Correlation coefficient is below acceptable significance levels. 
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were created by the optimal-correlation model and lowest where 

minimal associations were detected in the data; some attributes even 

dropped below significance levels when paired in different ways 

outside the model. 

Partial Correlations 

The problem of high correlations obtained when relating parts 

to wholes was examined by the use of the Partial Correlation statis-

tical method (Nie, e~b at. , 1975)- It has been pointed out that 

grouping the harmony attributes into comparable units formed a more 

complex structure of meaning in which measures of association between 

attribute elements were no longer measures of simple events; thus, 

comparisons of attributes in a group exhibited relationships not seen 

when tested individually. Guilford (1965) explains this concept: 

Since the variance of the total is in part made up 

of the variance of the component, that fact alone 

introduces some degree of positive correlation. 

The greater the relative contribution to the total 

variance made by the component, the more important 

is this "spurious" factor. Thus, a part-whole 

correlation is in part a correlation of the varia-

ble with itself. It is possible in a particular 

instance that the part is totally uncorrelated with 

the remaining parts and yet will be correlated with 

the total. 

The problem of spurious correlations in the part-whole relationship 

presented no particular difficulty for the announced findings concern-

ing the group correlation coefficients because there were no 
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uncorrelated variables in any of the parts. All were previously 

selected for their significant coefficients of correlation. Never-

theless, the very high correlation factors obtained in the triangulate 

and tetrahedron groups warranted further analysis to determine if 

other interpretations could be made beyond the influences observed in 

the combined attribute effect. The Partial Correlation method 

enabled this type of inquiry by adjusting the affects of one or more 

attributes in a group while describing the relationships of the other 

variables. By controlling the affects of the parts, it was possible 

to ascertain the dependence of other variables on the controlled part 

and to measure their joint affect in the whole group. 

First Order Partial Correlations were calculated for each attri-

bute in its different groupings in both the triangulate and tetrahedron 

units of the correlation model. It was discovered that certain attri-

butes depended on others for their perceived meanings (see Table l8). 

The earlier findings concerning the importance of the harmony 

attributes of tone, order and interaction to the meaning of color 

harmony in the books analyzed, were confirmed in the Partial Correla-

tion results. Tone and order, when combined at the triangulate unit 

level, were determined to be independent of other attributes at the 

first order correlation level. This means that when each attribute 

with which these two were associated was controlled, no strong changes 

were detected in their correlation with the whole. At the same time, 

however, the attribute interaction was found to be dependent on tone; 

that is, as the emphasis on tone changed in the sample, so did the 

emphasis on interaction, but not vice versa. Meanwhile, a number of 
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Table 18 

Cross Tabulation of Dependent Relationships in 

Eight Color Harmony Attributes 

Controlled Variable 

Dependent 

Variable 

a a 
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Order 

Similarity 

Association 

Attitude 

Tone 

Area 

Interaction 

Configuration 

© 
® 

© © © 

© 
© 

Note. Table reads, "dependent variable is 

dependent (D) on, or covariant (C) -with, the controlled 

variable ." Circled relationships denote high 

orders of dependency or covariance. 
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attributes were found to be dependent on interaction for their meaning. 

For example, association and configuration were highly related to 

changes in the interaction variable, but, again, not viae versa. In 

other findings, color area was discovered to be highly dependent on 

order, as was color attitude. Similarity was highly dependent on tone. 

Some attributes in the study were discovered to be covariant; 

i.e., dependent on each other for their meanings. The joint relation-

ship between interaction and area, for instance, was especially high. 

Evidentally, in the 12-book sample, interaction of color was not often 

discussed without some discussion of color area also. 

The statistical evidence pointed to the interaction of color as 

an intervening variable in deciding the meaning of color harmony. All 

the variables, except order and tone, showed dependence or co-dependence 

with interaction. Interaction, meanwhile, was found to be dependent 

on tone and covariant with area which was, in turn, highly dependent 

on order. When First Order Partial Correlations were checked against 

Second and Third Order controls, the findings were generally confirmed, 

meaning that the results apparently have wide application even in 

groups of variables larger than three attributes. A few additional 

dependencies of a minor nature were uncovered, but none differed 

greatly from the First Order relationships. The most relevant finding 

of the higher order correlations was that tone was generally 

established as the most independent of all variables tested. 
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Application of Findings to a Conceptual Model 

Synergism 

Without unity and context, knowledge will probably always be 

misappropriated. Goethe understood this when he wrote Zur Farbenlehre 

(1810) and was motivated to include a special synthesis section to 

describe the practical significance of his analytical research findings. 

Synthesis is a seldom exercised, but useful research tool which, along 

with the methods of analysis and categorization, forms a foundation 

for the regulation of learning. Without synthesis, the potential for 

balance and unity of educational growth is suppressed, and in its place 

comes disjunctive, atomistic learning experiences which often mislead 

toward the forming of incomplete conclusions and a further gravitation 

away from context of meaning to the more specialized intellectual states, 

It has been shown that the analysis of color harmony meaning 

presents a generally disjunctive set of terms which, unless placed in 

context, forms no pragmatic direction for the study of color harmony, 

except to state which books to read for what information on a specific 

harmony attribute or attributes. Such findings have good value as 

targeting devices for reading and further study of specialized 

meanings, but they are analytical deductions and as such are expressed 

without much benefit of categorization or synthesis. Discriminant 

analysis provided a partial solution to the problem of context, but a 

still broader concept was needed to embrace the total meaning of the 

term color harmony—a concept which had the potential to translate 

diverse definitions into working artistic processes. A good tool for 

expressing this purpose is synergism. 
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Background 

Synergism is an effect which causes a whole to be greater than 

the sum of its parts. It is an ancient theological doctrine which 

today describes the physical as well as the spiritual nature of 

component interactions. Since interaction process is fundamental to 

art, an investigation of the methods of synergism resulted in a 

"better understanding of art and the components of art such as color, 

which in turn has its own extensive network of component interactions. 

The hypothesis to "be considered was that the complex joining 

of parts in art—art elements—produces a synergistic effect whereby 

the perception of the resultant art work transcends the design of the 

object to reach higher levels of psychological and spiritual satis-

faction which the elements seioarately cannot achieve. Likewise, 

combinations of the attributes of color; i.e., tone, order, interaction, 

etc., produce color effects which the parts needed to create those 

effects are incapble of achieving by themselves separately. 

Origin of Synergism 

The term "synergism" owes its origin to New Testament scripture. 

It was used in Biblical text to describe the objective cooperation of 

Christian brethren in the furtherance of religious ideals on earth. 

It was first used to describe the post-conversion experience and man's 

outward labors for the Church. As the Church developed, ancient 

theologians began to apply the term to describe the act of spiritual 

salvation wherein human will and devine grace joined to produce a 

spiritual regenerative action which neither God nor the Individual 

could separately produce. Thus, theological synergism became the 
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moderation of two early religious concepts—semi-Pelagianism, which 

"believed that regernation "began only as an act of human will, and 

the Augustinian view which interpreted salvation as solely a gift 

of devine intervention. 

Modern Trends 

The clinical definition of synergism is the simultaneous action 

of separate agencies which together have greater total effect than 

the sum of their individual effects. A synergist, therefore, is an 

agent that increases the effectiveness of another agent when combined 

with it. From the Greek synergos—working together— synergism 

traditionally has had two broad applications, the phsyiological and 

the theological. In this writing, two other areas have been added, 

the psychological and the metaphysical. The consideration of new 

methods of synergism is necessary because comparatively recent 

statements on the philosophy of synergism, most notably those of 

Fuller, provide a much broader perspective of the phenomenon than 

does the purely physiological and are more germane than the largely 

historical theological points of view. Likewise, the application of 

synergy to psychology, a field frequently associated with the arts, 

provides a necessary perspective not found in the theological or 

physiological methods. 

Despite the importance and potential value of synergism to a 

number of fields, information is scarce. Modern periodical writings 

on the subject do not appear prior to 1928. Except for the works of 

Fuller, who has written extensively in his books about synergism, and 

Soleri (1973), the visionary architect, little has been said. 
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Standard dictionary and encyclopedia references exist, and an occa-

sional textbook description of the synergy principle is provided. 

Notwithstanding its early theological origin, writings on synergism 

appear rarely in major religious periodical literature, and then only 

in historical rather than current perspective. 

A survey of the literature showed a general, although limited, 

interest in the physiological applications of synergy, but hardly 

anything of contemporary value on the other methods. Industrial 

interest seems to have begun about 19^* coincidental with important 

published work on the advantages of synergy in applied chemistry 

(Macalusco, 19^0. The term synergist has served as the title of 

two different minor literary periodicals, neither of which had anything 

to do with synergism. 

Synergism in Art and Color 

We may call synergism in art and color an incognito concept. 

Its effects have been described relative to color harmony before in 

the literature but under a different identity. For instance, Wundt 

claimed a unitary emergent totality which he called "totalgefuhl." 

Totalgefuhl [total feeling] is the realization of unique properties 

over and above those aroused by the component stimuli when given 

alone. Wundt1s concept soon became known as the theory of affective 

fusion and was given the English name of "Unification." In 

Bullough's (1910) description of the Wundt theory, the likeness to 

synergism is inescapable: 

By unification is meant that the combination is 

apperceived and appreciated as an entity, as a 
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true combination—as distinct from a mere colloc-

ation of two colours. The fact is frequently 

described by subjects as "fusion" or "synthesis" 

and implies that the combination represents a 

total character and conveys a total impression, 

which is not equivalent to the character or im-

pression of its two constituents alone, but is 

a new total effect due to the combination or 

addition of the individual effects, frequently 

modifying each other. A unified combination is, 

so to speak, a new colour, offering an individu-

ality as a single colour (p. Ul9). 

In theoretical psychology, unification—totalgefuhl—has long been the 

central issue in the debate over the nature of affective response 

(Gulford, 1931). Kuelpe, MacDougall, and Titchener were among those 

first to disagree with the unification principle (Yokoyama, 1921), 

believing instead that affection was the algebraical sum of the 

affections attaching to all the varying sensory processes, a position, 

likewise, taken by Geissler in his law of affective combination. 

Unification does not address the important factor of sensory 

regeneration which is central to the synergy theory. Had the early 

discussions of affective response included this aspect, the difficulty 

might have been resolved; that is, synergism 2 + 2 = 5, whereby the 

effect is at once additive and not additive. The regenerative 

potential exists to be exercised pending the inner need of the indi-

vidual viewer who is the final determinant of the synergistic process. 
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Bullough wished to make this same point by setting aside a separate 

category of "dissociation" for instances of color combinations where 

synergism was not psychically activated in the viewer. We find further 

support for the Wundt and Bullough theory in the reported findings of 

Washburn, Haight, and Regensburg (1921) who attributed the unpleasant-

ness or pleasantness of color combinations to a factor dissociated 

from the constituent colors in the combinations. 

Allesch is said to have equated the unification effect with 

expression (Campbell, 19^2). Expressiveness does not reside in 

separate colors, according to Allesch, but belongs to color combina-

tions. Meanwhile, Nafe Cl92U) explained expression in a theory of an 

affective component-—sensory component continuum. Sensory experience 

may be translated into affective experience; and, at a high degree of 

intensity, affective experience becomes perceptive and passes over 

into emotions. The sensory and the affective components represent the 

additive units; and the emotion, or expression, is the unpredicted 

synergistic outcome. Nafe wrote: "Sensory experience alters as a 

whole. Something is added to it that is not present while it remains 

indifferent" (p. 5̂ -3). Others concerned with color and design in 

art have also acknowledged the synergistic effect. Kepes (19^) 

observed that optical units organized into spatial configurations 

become more than the sum total of their component parts, and Jacobson 

(19^8) wrote: 

Different color areas in a design, each with its 

individual quality or stimulus, becomes more than 

a sum total of component parts; they form a unity— 

a color harmony (_p. 56). 
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We conclude that synergism has been variously identified as 

totalgefuhl—total feeling, unification, affective fusion, expression, 

and emotion—to which we may also add the theory of microstructure 

(Katz, 1935)- The prinicple of synergism embraces a hierarchy of 

progressive degrees. They are synergy of the quantum unit, event, 

system, and Universe. Each degree in the hierarchy has its own 

complex network of geometric energy. All degrees or levels considered 

simultaneously provide the highest order of synergetic potential; 

however, the definition of synergism may "be applied to any separate 

level. Each degree in the progressive system will exhibit synergetic 

phenomenon to the extent that each is perceived as a whole system in 

the generally finite sense. This provides for every individual the 

opportunity to exercise significant states of awareness without 

extreme knowledge or understanding of abstruse physical concepts. The 

hierarchy also explains how one may evolve metaphysically without ever 

being able to comprehend the physical extent of the universe* In a 

more mundane application, synergism describes the sequence of existence 

states which takes us from the sensory unit to the affective event, 

to the expressive or emotional system, or toward unification and 

totalgefulh! The microstructure theory of Katz relates to this 

sequence inasmuch as new structures of existence come into being as we 

change our point of view. For example, what is at first sight a 

cell structure of fibrous content will become boards of wood at 

another view, and at yet another a house with all the meaning which 

house projects that could not have been anticipated by the experience 

of the cellular structure of the boards. In this identity process is 
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also a law of material structure—regularity within irregularity— 

of elements (Katz, 1935), as well as Birkoff's aesthetic measure-

order in complexity—and Vasari's definition of color harmony—unity 

in variety. 

In art 5 microstructure has "been identified as art's vast 

substructure: 

There is a "hidden order" in this chaos which only 

a properly attuned reader or art lover can grasp. 

All artistic structure is essentially "polyphonic"; 

it evolves not in a single line of thought , "but in 

several superimposed strands at once (Ehrenzweig, 

1967, p. xii). 

Synergism—unification, expression, or emotion—is that special 

linkage which joins internal and external processes at the point of com-

prehension of a newly discovered order in the chaos of visual stimuli. 

The synergistic effect is not predictable; the pleasures of color are 

often inherently surprising, as artists are generally known to agree. 

McLuahan and Fiore (19&7) "wrote: 

When two seemingly disparate elements are 

imaginatively poised, put in opposition in 

new and unique ways, startling discoveries 

often result ( . 10). 

A Conceptual Model 

When two colors are poised opposite each other, a potential for 

synergistic affect exists. The results of the content analysis 
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described in this study showed that this potential may manifest 

itself in a variety of ways, one being the connection of tonal 

response to some process of ordered visual perception. The inter-

active agents of visual adaptation, identified in the study as 

belonging to an intervening variable, may now be identified as agents 

in an event level synergism which we call interaction. 

The interdependent triangulate units and tetrahedron modules 

suggested that a theoretical model may exist in which the interactive 

processes are at a maximum potential. The statistical outcomes of 

the study, while they did not fully confirm such a conceptual model, 

certainly pointed to its feasibility. It is believed that once the 

color harmony attributes are more precisely defined and the method of 

the study repeated with a larger group of data, the model will 

resemble that shown in Figure T5 in which two tetrahedron units link 

toegether to form a vector lattice whose external points define a 

cube. The conceptual model is, as its name suggests, a purely hypothe-

tical idea. But the concept is encouraged by the findings of the eight 

attribute study and inspired by Fuller (l979)5 "who found the tetrahedron 

to be potentially the most synergistic form which exists; 

We assume the volume of the tetrahedron and its 

six vectors to constitute both metaphysical and 

physical unity . . . . The constant, whole differ-

ence between the visibly definite system and the 

invisibly finite Universe . . . is always exactly 

one finite invisible tetrahedron outwardly and one 

finite invisible tetrahedron inwardly . , * . The 



162 

TONE 

INTERACTION 

ORDER — 

ORDER 

INTERACTION 

— ORDER 

TONE 

INTERACTION 

TONE 

INTERACTION 

INTERACTION 

ORDER 

Figure 7- Conceptual model for the maximum interactive processes 

of color harmony. A preliminary sketch. 
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tetrahedron is the geometrical manifest of 

"unity is plural and, at minimum is two" 

(Fuller, 1975, pp. 33, 5*0. 

While the conceptual model needs empirical evidence and a run of 

practical application to confirm its validity, its plausibility is 

enough to give further purpose to the eight color harmony attributes, 

or similar list of harmony components. Perhaps as a target of future 

research applications, the theoretical model may "be developed into an 

actual device for explaining color and art, as well as the "broader 

philosophical issues of art whose essence may "be owed at least partially 

to synergism. The present study does not explain the causes of the 

interactions of the parts of the theoretical model, hut seeks to 

illustrate their relative existence. The complexities of perception 

are reserved for another work. For additional discussion of the theory 

of synergism in art and color, see Appendix G, Synergism. 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary of the Research Method 

Color harmony is an abstruse concept described differently by 

different authorities and is representative of diverse meanings when 

applied to the process of making art or when used in art-related and 

other color-use opportunities. The purpose of this study was to 

identify the various meanings of the term color harmony and to 

determine the relative emphasis placed on each meaning by analyzing 

a select group of important writings on color. Based on the findings 

of the study, a color harmony conceptual model was developed as a 

visual reference to demonstrate a theory of color. 

Historical background. The need for color harmony theory grew 

from the early combination of symbolic and aesthetic purposes of color. 

The concern for beauty and the natural implications of color for the 

enrichment of visual objects overtook the purely symbolic meaning of 

art, eventually to claim the attention of the early Greek philosophers, 

and it was from them—especially Aristotle—that the first formulation 

of an aesthetic harmony concept took shape. Following that, the growth 

of color harmony theory in the first 1,000 years A.D. cannot be 

accurately documented due to the general absence of literature in the 

Middle Ages. However, development evidentally did occur because an 

aesthetic definition of color harmony is very much in evidence 

l6h 
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throughout the Renaissance literature, most notably in the treatises 

of Alberti and Leonardo. Yasari recorded perhaps the earliest color 

harmony definition for art, defining harmony as unity in variety. By 

the end of the 17th century, the foundations of modern color applica-

tion had been laid. Nearly every basic color harmony idea practiced 

today was either known or anticipated by the Renaissance and Post-

Renaissance artist and art critic. Color harmony as a theory in art, 

therefore, may be traced to that period. 

The rapid development of scientific interest in color in the 

19th century did much to shape the meaning of color harmony. Pre-

occupation with scientific classification helped to equate harmony 

with a concept of natural law and order. By i860 the idea that law 

ruled the nature of affective color action and response was well in 

place. Unfortunately, the lack of those equipped to explain in a 

general way the significance of this hypothesis and the findings it 

produced caused much of the early confusion about color harmony 

meaning. Lay interpretations of scientific findings, some beginning 

as early as 1810, and incomplete scientific explanations of art began 

many inaccuracies about color use which still persist today. The 

entry of so many new fields of study into the area of color research 

produced waves of new definitions and literature about color harmony; 

and, by the end of the 19th century, color harmony had become a multi-

farious term in an ever enlarging body of color literature. Efforts 

to establish meaning in the term since 1900 have been largely by those 

different areas of knowledge which have worked to strengthen one or 
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another part of the whole, depending with which branch of learning 

the researcher may have originated. 

Judging from the review of the literature, it was concluded 

that the philosophical harmony concept was first associated with 

color in a theoretical way by Aristotle, but that color harmony has 

not been recognized as a unified artistic concept at least since 

about 1910 and probably never was ideally defined in the way that 

musical harmony was, for example. Such fields as psychology, physiol-

ogy, physics, language, sociology, business, education, and art have 

produced men and women in the history of color study who have added to 

the understanding of the color harmony process and the affective 

response mechanism with which it is identified; but, modern color 

harmony theory, as it is basically understood and practiced today, 

originated in the literature of the Renaissance and, in its amorphous 

state, has changed little if any in concept since then. 

One of the great difficulties in defining color harmony is in 

trying to rationalize how it can, as an apparently natural phenomenon, 

manage to continue to exist as both an amorphous and multifarious 

concept at the same time. It has managed to successfully conceal 

most of its mysteries even after centuries of the closest scrutiny by 

all manner of scholar and artist. The intellectual challenge of color 

still is in how a subject so wholly complex in its substance can 

appear as a process to be so absolutely simple. 

Sources of data. A bibliography of 12 books on color was con-

structed using the intersection of three sample sources which together 

represented a sample population of 356 important books on color. In 
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the first sample method, six well-known authorities in the field of 

color contributed to a list of titles; sample method two adapted for 

use in the study an existing catalog of references on color; and the 

third sample method included an analysis of book bibliographies to 

obtain a list of frequently referenced titles. In this method sta-

tistical techniques were employed to reduce the element of random 

chance by restricting the sample population to works with seven or 

more references in the population. The intersection of the three 

sample populations produced books which were common to all three 

sources. 

The sample was nonparametric in description, and any conclusions 

drawn from its analysis were confined strictly to its 12 members. The 

great value of a nonparametric study in this case was in the authori-

tative nature of the findings rather than in their generality. 

Conclusions supported by the best of available sources were thought to 

be more useful to the advancement of color knowledge than opinions 

drawn from randomly selected sources. As Mills (1955) has pointed out, 

freedom from having to assume parameters for a study may, in some 

cases, make possible greater accuracy in the making of inferences. 

Meanwhile, being able to analyze the more important works on 

color, regardless of their specific subject organization, for their 

impact on the problem of color harmony meaning tended to improve the 

acceptability of conclusions drawn from the study—more than if these 

results were obtained from a random sample of works from less qualified 

sources. The color experts came from all areas of color study. The 

opinions of the foremost authors on color, regardless of interest, were 
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considered more valuable than the opinions of authorities who may 

have spoken directly to a specific topic; e.g., color harmony. This 

assumption also tested the relative importance of color harmony as a 

topic in the literature on color; that is, a "book on color which 

excluded any mention of color harmony would have to "be regarded as 

finding the concept unimportant in its bias toward the subject of 

color. Furthermore, if the content analyses of 12 highly rated works 

on color had indicated only a limited interest in color harmony, it 

would have suggested that such a concept was not considered very 

significant, at least in those works believed to be of a very high 

value to the study of color. The opposite, of course, was equally 

applicable. 

The evaluation of 17 variables relevant to the description of 

books and their authors produced no compelling evidence that the 

selection of a book in the 12-book sample was attributed to factors 

other than content. Potential areas of influence of author sex and 

nationality required additional data outside the scope of this study. 

A description of the average book in the sample was given to include 

an average copyright date of from 1926 to 19^0. The average age of 

the author was about 50 years. 

Using scores taken from the preferences of the three sampling 

sources, each book in the sample was rank ordered and weighted to 

equalize the quantitative differences in the sample populations. The 

Spearman Rank Order method and the Pearson Product-Moment correlation 

procedure both estimated no significant differences between the rankings 

of the weighted and unweighted samples. 
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The results of the correlation tests also showed, however, that 

there was no agreement among the separate sources contributing to the 

sample as to the order of ranking the hooks should take. Moderate to 

substantial agreement of each source with the composite, ranking led 

to the decision that the 12-book sample represented the best available 

compromise of the three sample sources. 

It was concluded that for the period up to 1972 these books may 

be regarded as the more important works published on the subject of 

color: J. W. von Goethe, Zur Farbenlehre, c. l8lO;H* L. F, von Helmholtz, 

Handbuch der Physiologischen Optik, c. I856-I866; M. E. Chevreul, De la 

Loi du Contraste Simultane des Couleurs, c. 1839; D. Katz, Die 

Erscheinungsweisen der Farben und Ihrer Beeinflussung Durch die 

Individuelle Erfahrung, c. 1911; W. Kandinsky, Uber das Geistige in 

der Kunst, c. 1912; D. B. Judd and G. Wyszecki, Color in Business, 

Science and Industry, 1952; J. Albers, Interaction of Color, c. 19^3; 

J. Itten, Kunst der Farbe, c. 196l; R. Arnheim, Art and Visual Percep-

tion, c. 195^; A. Pope, An Introduction to the Language of Drawing and 

Painting, c. 1929-1931; W. D. Wright, Measurement of Colour, c. 19^; 

and A. H. Munsell, A Color Notation, c. 1905-

A content analysis method was applied in the examination of the 

12 books. Levels and types of color harmony meanings were identified 

and evaluated for their perceived emphases In the sample. Using the 

appropriate statistical procedures, it was possible to arrive at a 

number of conclusions based on the data collected to answer the 

questions originally posed in the research plan. 
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Some Conclusions on the Meaning 
of Color Harmony 

Color harmony is a learned concept. The confusion which often 

accompanies the study of color harmony is owed to a general lack of 

knowledge of the multifarious nature of the meaning of the term. The 

teaching of color is frequently in error by presenting only a partial 

view of the complex structure of color harmony; consequently, the 

understanding of the term is usually limited to a fragment of the 

whole concept. 

Color harmony is an abstruse concept described differently "by 

different authorities. The ratio of total space devoted to color 

harmony in 12 books on color, as compared with space devoted to other 

topics in the aame books, was found to be between 2.2 and k.9 percent. 

Whenconsidered separately, each of the 12 books surveyed devoted an 

average of 7 percent of its copy space to the discussion of color 

harmony. There was reason to believe that the 7 percent figure repre-

sented a fairly strong attention to factors associated with color 

harmony in the survey of the 12-book sample. Therefore, it was 

concluded that color harmony was a viable topic, at least in 12 of the 

most important books written on color prior to 1972. 

The books of Itten, Munsell, and Pope were found to be above 

average in their treatment of the subject of color harmony in terms of 

space given to its discussion; however, all works analyzed, except 

Helmholtz and Wright, included some attention to the topic. It was 

possible to conclude that, of the books ranked in this study, the two 

treating color harmony in all its various definitions most exclusively 

were Munsell and Itten, followed by Albers, Kandinsky, and Pope. 
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A composite ranking of harmony meaning was obtained from the 

mean emphsis given to each of eight attribute categories in the study. 

This ranking resulted in a range of emphasis of meaning over order, 

tone, configuration, interaction, similarity, association, attitude, 

and area—in that sequence. Significant agreement with this ranked 

list of meanings was found in two books, Pope and Itten; ten hooks 

did not demonstrate an acceptance of the list in its composite form; 

thus, lack of agreement in a sample concerning color harmony meaning 

as attached to a specific attribute was confirmed. An index of 

reference to the 12 sample books on color was created to identify 

those works thought to be most strongly connected with certain harmony 

meanings. 

Meaning for the term color harmony is related to the definition 

of eight terms. The absence of significant relationships in the 

ranking of the attributes in the 12-book sample notwithstanding, 

numerous connections between the attributes themselves were discovered; 

that is, while there was general disagreement as to the order in which 

the attributes should describe the meaning of color harmony, there was, 

at the same time, widespread agreement in the sample that all the 

attributes shared in the meaning of the term in some way. Moreover, 

it was found that emphasis placed on one attribute was likely to be 

directly related to the emphasis seen in another. 

Eased on the relative emphasis of application in 12 important 

books on color, color harmony meaning is most synonomous with the 

definition of the terms tone, order, and interaction. From the spread 

of the measures of correlation among the attributes, it was possible 
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to construct a correlation model to visually illustrate the inter-

connections of meanings which may alternately describe the term color 

harmony. A geometric, variable-discrimination technique, a visual 

reference to data categorization, producedlU groups of attributes 

comprised of three color harmony attributes each and four groups 

consisting of four attributes each in an optimal-correlation model 

aimed at finding maximum correlation functions among the eight color 

harmony attributes. 

It was found that the attribute group of tone, order, and 

interaction demonstrated the strongest connection with the model of 

the ik groups considered. This synthesis of attributes was further 

augmented by the addition, alternately, of attitude, area, similarity, 

and configuration which produced a four-attribute module of harmony 

terms. The best of four such modules created, for its relationship 

to the whole model, attributed the meaning of color harmony to the 

combined meanings of interaction, order, tone, and attitude. 

When combined, certain attributes demonstrated a dependence on 

other attributes for meaning. It was discovered that the attribute, 

interaction, displayed the characteristics of an intervening variable 

on which most other attributes depended, except for tone and order 

which were apparently independent in the sample. This would suggest 

at least some reason to approach the study of color harmony in a pre-

determined manner, beginning with tone and advancing to order then 

interaction and finally to the attributes which add meaning to harmony 

according to their respective dependencies, similar to the chart in 

Figure 8 which depicts the interactive process of all the attributes 

in their relative strengths found in the study. 
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Similarity 

— — —^^Att itude^^ INTERACTION 

Configurati ^^Ass o c i at 

Figure 8. Diagram of a preliminary study plan of eight color 

harmony attributes. Solid lines connect dependent variables, broken 

lines show covariance. Discovered emphasis on each attribute is 

illustrated by the relative size of the enclosures. 
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It may be stated that in the sample of works surveyed, color 

harmony was usually, although not always, synonymous with the meanings 

attached to the terms—interaction, tone, and order. 

The significance of the research results was centered on the 

identification of key attributes and groups of attributes which were 

consistently used to describe color harmony in 12 books on color. As 

12 of the more recent books on color, the attributes identified in 

their respective groups were thought to be of general interest to 

the field. 

The Spearman Rank Order method of computing correlation coeffi-

cients did not assess the differences in emphasis in data rankings. 

In the color harmony study, the Spearman coefficient simply stated 

that as the ranking of the 12 authors, in their consideration of the 

concept of color harmony, varied for one category of meaning, the 

ranking also changed proportionately in another category. The corre-

lation coefficient indicated the level to which the change was the 

same in both categories, No expression of how the authors emphasized 

the differences between the compared attributes could be obtained in 

the Spearman method. Other methods for measures of association in the 

study were not acceptable given the nature of the data being analyzed. 

Therefore, interpretation of the data analysis was considered within 

the context of the limitation of the Spearman Rank Order method of 

correlation which was, in this case, adequate to answer the questions 

originally set forth in the study. 

It was concluded that the concept of color harmony existed under 

different meanings, each having the potential to contribute to a 
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fragmented, disjunctive mode of understanding. As a result of the 

study, it was possible to identify attributes of color harmony and 

the vocabulary associated with each as evolved through literature on 

the subject of color, (An attribute was defined as a theory, condi-

tion, or definition of a color characteristic or phenomenon to which 

color harmony may be either partially or totally attributed.) Color 

harmony attributes were cataloged into prevailing major generic 

categories. The relative emphasis placed on each attribute category 

was determined by analyzing a select group of important writings on 

color. The findings supported the development of a color harmony 

conceptual model which incorporated the categories into a simple, but 

comprehensive, visual reference. A preliminary model was introduced 

to demonstrate the results of the study and to illustrate a theory of 

color aimed at stimulating future color harmony investigations* 

Recommendations for Additional Study 

The perception of color harmony is a multifarious process. And, 

no aspect of the environment for human beings better illustrates the 

complexity of psychological aspects that the color scheme (Luckiesh 

and Moss, 1931). The mind can reach one conclusion at a time concern-

ing visual stimuli. The truth of this may be experienced in the 

perception of certain figure-ground reversal "illusions," whereby 

more than one conclusion is possible, but one and only one at a time 

may be perceived; the perceptual conclusion is yes or no, no middle 

ground. In color, however, the conclusion is rarely yes or no. 

Visual satisfaction is by degrees. What causes this? Only a multi-

farious set of stimuli could produce degrees of satisfaction. 
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Replication and Reduction to Practice 

The most immediate need is for research which will identify the 

component parts of* color harmony and the interactive processes which 

produce satisfying affective responses. Two recommendations are made 

toward meeting this objective. The present study should be replicated 

with a larger sample of works , perhaps randomly taken from a pre-

determined population of books on color, and with the participation 

of several analysts instead of one. Whether the findings of such a 

study would confirm the results from the 12-book sample, a repeat of 

the research would provide valuable additional insight into the state 

of color harmony meaning, as well as to futher test the reliability 

of the content analysis method for determining that meaning, 

The findings of the study should be reduced to practice. Color 

harmony meaning has no significance verbally unless it can be confirmed 

visually. The different harmony attribute groups discovered in the 

research should be further studied experimentally to determine their 

validity, especially relative to synergistic theory. The need for 

interactive color experimentation has been addressed before. Something 

occurs when two colors are brought together, but few people are able 

to explain what. Pope (19^9) wrote; 

In general persons who have what we think of as 

good taste are apt to agree fairly well in the 

face of specific examples as to what is "good color" 

and what is "bad color" . . . . On the other hand, 

when it comes to the reasons for these judgments, 

the ordinary explanations or prescriptions are not 

very satisfactory (p. lkl). 
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It is believed that the eight color harmony attributes and their 

definitions, or other similar terms, will provide satisfactory-

explanations for color responses once they have undergone the 

necessary practice in art. The feasibility of such practice exists 

in the works of artists like Albers, whose art is clearly the syner-

gistic results of the combination of tone, area, interaction, and 

probably order. In Vasarely we find the attributes of tone, area, 

configuration, and interaction. From careful experimentation in art, 

it may be possible to deduce a general rule about the interactive 

process of color harmony. 

Intentional, experimental practice of synergistic color in art 

would have the added advantage over clinically controlled color ex-

periments of expressing color attributes, some of which have been 

relatively neglected in the past. For example, color area was found 

to be last in the study in its mention in the books analyzed, and 

Moon and Spencer (19UU) found that it was hardly more than mentioned 

in the literature. Yet, Evans (19^8) wrote: 

Once relative area is allowed to vary sufficiently, 

almost any two colors may appear harmonious . . . . 

The indications seem to be that given adequate 

control of relative area any colors whatsoever may 

be combined to make a harmonious whole (p. 323). 

Albers (19T*0 wrote: "Independent of harmony rules, any color Tgoes' 

or 'works1 with any other color, presupposing that their quantities 

are appropriate" (p. hk). Beyond color area, other important possi-

bilities for synergistic expression of individual harmony attributes 
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may exist in the manipulation of tone and order, or the more complex 

attributes of attitude, configuration, and association. 

The recommended research will benefit art. It is also believed 

that the research requires art and the active participation of the 

artist as color experimenter. While color is not necessary to achieve 

art, it is, nevertheless, worthy of study lest its potential is 

overlooked, or too late in coming to the artist doing his or her 

particular work. The artist who believes research and study to be 

foreign to artistic achievement certainly contradicts an impressive 

list of artists who believed and practiced differently, including 

Constable, who said: A self—taught artist is one taught by a very 

ignorant person (cited in Protter, 196U). 

Color is a progressive art. One can have pity for 

any artist who fails to understand this. Left 

wholly to his own intuition and devices, he proba-

bly could spend the better part of a lifetime 

making discoveries and reaching conclusions which 

were known long ago (Birren, 1965, p. 119). 

Color study requires the creative nature of the artist—that innate 

sensitivity which may immediately judge an experiment to be a success 

or a failure. It is, therefore, recommended above all that color 

research be east in a new light in the future and returned from the 

laboratory back to the studio where its study can be once again 

enjoyed as Kandisky (19^7) enjoyed it, as a starting point for the 

exercise of the spirit! 
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Teaching of Color 

A second series of recommendations for further application of 

color research concerns not the study of color, but the teaching of 

color. Color perception is learned (Burnham, Hanes, and Bartleson, 

1963). Despite occasional dissenting opinions, this premise has for 

some time stood as a reason for incorporating the teaching of color 

into university art department curricula. But it has also "been found 

that such a diversity of methods exist for the teaching of color that 

clearly no totally workable color course model can be found. The 

teaching of color would generally benefit from a more comprehensive 

approach to the subject than that found at most schools. 

In working out the kinds of information which should logically 

and essentially be presented on color in the classroom, it becomes 

apparent that the language used in all the various fields concerned 

with color, and even within a single field, is not always consistent 

in meaning and use. Color is perhaps unique in the magnitude of its 

language problems, although similar problems exist with other so-

called art elements, because color is one of those subjects which 

cuts across many different fields of study. In order to truly learn 

color, the art student needs to be led through some of the apprecia-

tions of color which happen to be found in non-art fields. Thus, the 

need for a full assessment of the language of color is needed and 

those terms most likely to sustain the art student clarified and 

made a rational part of the art vocabulary. This codification of 

language is a necessary and logical first step to improving the 

teaching of color. 
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Most color teaching today is "based on the three primary color 

method. This method is inherently incorrect and inferior to any of 

several other models available. Because of its basic simplicity, 

however, it has persisted, being only occasionally interrupted by 

color systems of a more complex nature. Teachers generally adopt 

the traditional color-wheel, gray-scale analysis approach to color 

teaching, which often leads to frustration for the art student—and 

instructor—and which is basically meaningless in most applications 

because it represents a too simple interpretation of the complex 

character of color interaction which contributes to affective color 

response. Therefore, it is recommended that experiments be undertaken 

which will explore the importance of color tone and investigate al-

ternatives to the red-yellow-blue primary color theory as a foundation 

of tone in art. 

No less than 20 distinct and individually quite beautiful color 

systems in two- and three-dimensional color models have been developed 

since Delia Porta*s first crude diagrams appeared in the l6th century. 

The information about color organization and color order presented in 

the art classroom is all too often a confusing blend of a few of 

these experiments which is delivered without qualification or reason 

as to its source or purpose originally; and the synthesis is, in all 

probability, invalid. A clear understanding of the basic principles 

of color structure underlying most of the theories of color and color 

use would be a welcome alternative to the current teaching methods, 

inasmuch as the student might then more confidently arrive at his or 

her own theories of color through knowledge of concepts and without 

the frustrations of contradictory empirical experience. 
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Ostwald was one to see an analogy between the organization of 

color in a color model and musical notes in a scale. He saw his 

color system as being equivalent to a finely tuned piano. To carry 

the analogy a bit further, a musician who learned piano on an out-of-

time instrument would probably be destined to an unhappy and frustrating 

future as a concert artist. Yet, in art such perils are placed in the 

paths of students daily. If color perception is learned as it is, the 

importance of what is seen visually to the student hoping to accumulate 

correct color experiences is altogether as critical as the correctly 

heard notes of the piano for the music student. Such "tuned" devices 

are available in color, but they are relatively expensive; thus, they 

seldom make their way into the art classroom. 

As an alternative to the professional color model in art, 

students are generally asked to make their own models, or to learn 

color from slides and films of uncertain color accuracy, never knowing 

for certain what the correct color solution was. The art student is 

often effectively better off never to have had any color instruction 

and to rely on intuition and innate perceptions learned from nature 

an idea, incidentally, which gained some popularity in the Abstract 

Expressionist movement and which was once advanced as a teaching 

method in some segments of art education. 

As another example for the necessity of solution models for 

color, students are almost always asked in a class to mix complemen-

tary pairs of colors, sometimes under vague instructional guidelines 

like: "red and green are complementary colors." After exploring the 
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infinite possibilities for variations of red and green color combina-

tions, the student is apt never to know at precisely what visual 

juncture the two colors really were complementary. Yet, the training 

of the complementary sense is the first step toward learning color. 

Turning to illustrated books as color solution models is generally 

of little help. A recent survey by the author of several textbooks 

on color presenting complementary color plates found radically 

different visual solutions to the same color problem. 

It is believed that the availability of correct visual materials 

on color would greatly improve the student's perceptual skills as 

'well as serve as a motivational tool for finding personal and satis-

fying solutions to color use. 

The retention of a learning experience is known to be directly 

related to its reinforcement. It is believed that the lack of practical 

experience in color usage is a major area for needed change in the 

teaching of color. The general lack of good colored materials which 

enable art students to see color in context—in use—is a major reason 

for the apparent lack of carry-over of color learning experiences from 

basic design courses to later studio situations. There is an immediate 

need to find better ways to correctly relate the classroom experience 

to a pragmatic reinforcing experience in such a way that the student 

retains the basic knowledge which can then be employed to describe 

both academic and practical examples of color use. 

Matisse said the essence of drawing is line; the essence of 

painting is color. His observation, presented as a way of separating 
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the categories of drawing and painting, is perhaps inapplicable to 

the modern view of art which recognizes no such categories—except 

in university curricula. But the statement, nevertheless, brings to 

the fore some discrepancies in the teaching of art which are difficult 

to explain. There are painting courses, and there are drawing courses, 

Drawing courses are usually intended, in part, to be a means of 

strengthening the early basic design experiences in line and other 

compositional concerns. But in the university curriculum drawing is 

generally a prerequisite to painting. Color, the essence of painting, 

is meanwhile almost always purposely omitted from drawing instruction. 

Consequently, a student entering a painting course quickly falls back 

on drawing skills and often views color in painting as a frightening 

prospect. As a result, beginning painters are virtually set adrift 

in a sea of confusion regarding color; and they spend the better part 

of their early painting experiences not learning how to paint, but 

trying to somehow integrate the previously negelected and formerly 

unclear, possibly invalid, and essentially impractical knowledge 

gained about color into their work. The point is, it seems infinitely 

more logical that a color course be the prerequisite to painting, or, 

at least, also be a prerequisite to painting. Insufficient time is 

spent on color at the undergraduate college level, particularly in 

the basic courses, to give students the confidence that will sustain 

their efforts as their academic and professional careers mature. The 

nature of the problems associated with color perception and response 

is such that some cognitive approaches to learning are necessary. 
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Therefore, color study should not be totally considered an affective 

undertaking suitable to studio experiences alone. Certain recurrent 

notions that it should, or can, be taught concurrently vith painting 

are usually not valid. An undergraduate color course designed to give 

to color, as an element of art, the emphasis enjoyed by line, for 

example, would be a productive change in current ideology towards 

the teaching of color. 

Other Research Recommendations 

To this list of priority recommendations, a program of other 

ideas for further research may be added. The 12 important books on 

color, determined by the content analysis study, formed the core of 

a projected major bibliographic work. The population from which 

the 12-book sample was taken contained a sufficient number of other 

titles from which to organize a useful catalog. The potential value 

of an annotated reference catalog on color is believed to warrant 

its development. 

The application of the content analysis method to other language 

problems in art may resolve questions of meaning for such elements 

and principles of art as rhythm, balance—symmetry and asymmetryT-

as well as reveal aspects of meaning for the term art itself. It is 

believed that the content analysis method is especially suited for 

this purpose. 

Many of the published color harmony theories deserve additional 

study. Of particular interest is the innovative but basically under-

developed Arnheim theory of color harmony. The work of Moon and 
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Spencer may also be of substantial benefit once it is reduced to 

practice. Given its general complexity, it is not surprising that 

it has not been widely applied to art. Of a more esoteric but 

equally germane nature are the emergent theories of biological color 

harmony which could lead to important conclusions about the 

dependence of color harmony on the organic functioning of the nervous 

system. The right findings in this seldom explored area of experi-

mental aesthetics could render many psychological theories of harmony 

obsolete, or at least cast them in a totally new light. Likewise, 

the theory of sets, and other such statistical and mathematical 

explanations for innate color response, may have far-reaching 

consequences for color study once the methods are more clearly 

understood. 

Finally, the field of color study must accept criticism for 

the general state of neglect of important works in the literature. 

Except for Birren, there has been little interest shown in preserving 

the rich heritage of writings which belong to color research. Many 

important works, for instance, have not been translated despite 

their recognized international value to color study. Some of Ostwald's 

best writings on color harmony are available only in the native German, 

as are the research findings of Roesch. The works of Signac and 

Runge should be translated, and a more acceptable English version of 

Chevreul1s major work is recommended along with first translations of 

his other writings on harmony. Such documents are of good historical 

value to students of color. Many other such projects could be named, 

but the listing of these few will suffice to round out a plan of 

recommended additional research. 



APPENDIX A 

PILOT STUDY 

Statement of Purpose 

A pilot study on the meaning of color harmony was conducted for 

the purpose of answering the following questions: 

1. Is the term "color harmony" a concise, descriptive term, 

or does it represent a wide range of meanings? 

2. What Is the feasibility of using a content analysis method 

for investigating the meanings of color harmony? 

3. Is it possible to evolve categories and category indicators 

which describe unique attribute domains peculiar to differenct concepts 

of color harmony? 

Definitions 

Color harmony. When two or more colors are brought together to 

produce a satisfying affective response, they are said to be harmonized. 

The response may be owed to any or all of several conditional attributes: 

Color system. A plan used in the orderly arrangement of object 

color samples. It is normally one of three types: (a) organized 

according to color-stimulus synthesis; e.g., Ostwald System; (b) accor-

ding to color responses; e.g., Munsell System; or, (c) according to 

colorant characteristics; e.g., Plochere Color System. 

Color intuition. A social concept of likes and dislikes based on 

the level of sophistication and innate visual perceptiveness of the 
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viewer. Biases from previous experiences are used to assess the 

feeling tone of color arrangements. Typical of the Abstract-

Impressionists who sought color effects through impulse and individual 

feeling, it denies and rejects all formal training. 

Color family. Any group of colors or group of color combinations 

perceived as having something in common. The commonality may be due 

to a predominant color, warm or cool color relationship, neutral or 

monochromatic, color in marked contrast, etc. Also, it includes any 

attempt to group the various colors in terms of their general expres-

sive qualities. 

Color interval. Recognized by some as a "principle" of color 

order, colors are represented by uniformly spaced points in a color 

system. A generic term, it refers to several of the neat visual 

sequences commonly known as color schemes—triad, tetrad, complementary, 

or similar partition of any regular locus made up of equally spaced 

colors. 

Color affinity. Combinations of colors are perceived to have a 

common aspect of quality—colors which are more or less alike—which 

may be achieved by adding to each color in a combination a liberal 

proportion of some one other color; affinity is sometimes referred to 

as the principle of similarity. 

Color appropriateness. A culturally induced psychological 

concept in which color harmony depends on the meaning or interpreta-

tion of how it is applied to objects in a scene; i.e., responses are 

based on traditional color association and symbolism. Often called 
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the principle of familiarity, the Fauves reversed it by ignoring the 

local color character of objects in favor of pure color harmony to 

achieve strong emotional response to unfamiliar color uses. 

Color area. Area is a reference to the dependency of color 

harmony on the amounts or proportions of color used. The ultimate 

visual effectiveness of any color combination is directly related 

to area criteria. 

Color juxtaposition. In simple terms, it is the general overall 

design of the colors—the manipulation of pictorial factors which 

modifies the interrelation of colors. Specifically, the general 

orientation of color areas vertically, horizontally, or diagonally 

are taken into account as is the psychological concept of color as 

background. 

Angular size of color field. An often times overlooked attri-

bute of color harmony, it refers to the absolute scale of the color 

areas (in scientific terms, the angular size of a chromatic area 

subtended by the eye). It explains the phenomenon of color change due 

to enlargement when an effective color combination in a small scale 

becomes very unpleasant if magnified. 

Relative size of color field. This important determinate of 

visual perception causes relative size of the color areas to be used 

as a method of overriding all other "principles" of color harmony; 

i.e., color combinations may be completely altered by changing the 

relative areas of the component colors (e.g., lighter objects look 

larger than darker objects the same size, small areas producing a 
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response of high saturation will balance large areas producing a 

response of low saturation, etc.). 

Color proximity and shape configuration. Color harmony respon-

ses may be altered by the influence of the shape of the elements in 

a design. Their proximity likewise affects the fixation points by 

which comparisons are made; e.g., increasing the spatial interval 

between intense colors lessens their perceived intensity. 

Dynamics. Basically a physiological phenomenon dependent on 

the adaptation qualities of the eye, dynamics include such effects 

as successive contrast (afterimage), simultaneous contrast, or any 

of several other "false color" characteristics attributed to the 

instability of the visual process. Such terms as optical vibration, 

advancing and receding colors, and the interaction of color, conceived 

by Chevreul and advanced through art by Albers, are all references to 

the dynamic attributes of color harmony. 

Method of Procedure 

Based on a survey of the literature on color use, it was hypothe-

sized that differences in meaning for the term color harmony would 

exist in a sample of sources on the subject. A preliminary set of 

attributes expressive of potential color harmony meanings were evolved 

from personal experience, readings, and consultation with others 

interested and experienced in the use of color in art. (Attribute 

meaning is used here to describe a direction of emphasis. For example, 

one source may view color harmony as being a reference to the functions 

of color dimension (hue, saturation, value), while another source may 
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suggest it to be a more involved concept of spatial arrangement. In 

either case, emphasis placed on one or the other indicates a prefer-

ence of meaning for the term color harmony.) 

The 12 categories of attributed meaning used in the pilot study, 

as previously defined, were color system, color intuition, color 

family, color interval, color affinity, color appropriateness, color 

area, color juxtaposition, angular size of color field, relative size 

of color field, color proximity and configuration, and color dynamics. 

Selecting the sample. The sample used in the pilot study was 

purposely selected to obtain a cross section of sources that might 

be expected to view the concept of color harmony differently. The 

pilot dealt only with published works in the form of books. Two 

works were selected from the field of color science, four came from 

art and were typically the kind of references associated with 

beginning design courses or art appreciation courses, two books were 

classics in the field of color theory and color organization, and one 

text in the sample was representative of the field of psychology in 

art. The titles of the nine works, respectively, were: 

Burnham, Robert W., Hanes, Randall M., and Bartleson, James C. 

Color: a guide to basic facts and concepts. New York: John 

Wiley, 1963. 

Judd, Dean B., and Wyszecki, G. Color in business, science and 

industry (3rd ed.). New York: John Wiley, 1975. 

Bevlin, M. E. Design through discovery (2nd ed.). New York: 

Hold, Rinehart and Winston, 1970. 
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Evans, H. J. Man the designer. New York: MacMillan Company, 

1973. 

Knobler, N. The visual dialogue: an introduction to the appre-

ciation of art. New York: Holt, Rinehart and Winston, 1966. 

Ockvirk, 0. G., Bone, R. 0., Stinson, R. E., and Wigg, P. R. 

Art fundamentals: theory and practice (2nd ed.). Dubuque, 

Iowa: Wm. C. Brown Company, 1968. 

Munsell, A. H. A grammar of color: a basic treatise on the 

color system of Albert H. Munsell (F. Birren, ed.). New 

York: Van Nostrand, 19&9• 

Ostwald, W. The color primer: a basic treatise on the color 

system of Wilhelm Ostwald (F. Birren, ed.). New York: 

Van Nostrand, 1969. 

Arnheim, R. Art and visual perception (The New Version). 

Los Angeles: University of California Press, 19jk. 

The methodology of the pilot study was essentially a counting and 

tabulation procedure. It was assumed that an author's emphasis of 

meaning for the term color harmony would be fairly accurately reflected 

in the relative amount of space devoted to a particular concept. The 

revised content analysis techniques which were finally evolved through 

the pilot are contained in the pilot's summary of findings and were 

those used in the main study. 

Summary of Findings 

Question number one. Table A summarizes the findings of the 

pilot study in terms of copy lines per attribute category. Because of 
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the different book formats and varying copy contents, copy lines 

could not be directly compared between sources; and Table B shows 

the same information converted to relative percentages which were 

compariable for descriptive purposes. 

Table B suggested that color harmony did indeed represent a 

wide range of meanings. Of the sources surveyed, 16.5 percent on 

the average emphasized color intuition as the fundamental means of 

color harmony. This was followed closely by color systems (l̂ -.O 

percent) and color juxtaposition (13.8 percent). On the average, 

the sources surveyed felt that angular size would be the least likely 

to influence the meaning of color harmony. An interesting preliminary 

insight also was that, on the average, the books in the pilot study 

sample devoted 6.8 percent of their content to specific discussion 

of color harmony. 

While the mean figures showed differences of opinion, these 

differences were amplified when the sources were compared by field 

of study. Table C summarizes this information. It was somewhat 

surprising to note the similarities between the two color science 

sources and the four design books included in the sample in the 

attention given to such attributes as color systems, color family, 

color interest, and color proximity and configuration. Equally 

interesting was the suggestion that, on the average, of the sources 

surveyed color science mentioned color harmony as being attributed 

to intuition more often than did the art design sources. Not surpris-

ing, however, was the figure showing an emphasis by the design sources 
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v—' 

*•—' r- »—1 Q> • • • . <t <J-

X V 
uoxuxniiui jo 103̂ 2 23

.2
 

15
.5

 

20
.9

 

19
.6

 

uianiiXs -IOXOQCM 
cr> cr- vc • • • . 
O 0 00 CO 
«—1 r—1 CM 

So
ur

ce
 

(1
) 

Sc
 i 

p n
ee

 
Re

 1 
a t

ed
 

A
rt

/D
e s

ig
n 

R
el

at
ed

 

C
ol

or
 O

rg
an

i-
za

ti
on

 
R

el
at

ed
 

Ps
yc

ho
 1

og
y 

Re
 1 

a t
ed

 



197 

of color juxtaposition as a major contributor to color harmony in a 

ratio of about k to 1 over color science. The "books surveyed, which 

were written specifically on the subject of color organization 

(Munsell and Ostwald), devoted an average of 20 percent of their text 

to color harmony as opposed to 3 percent for the basic design texts, 

a figure better than that provided by color science. 

The information gathered in the pilot study demonstrated that 

the term "color harmony" did not enjoy a concise and consistent 

meaning, but represented a wide range of concepts based on variously 

emphasized attributes. 

Question number two. On the basis of experience gained from 

conducting the pilot study, a number of specific guidelines were 

developed for conducting the main research. The pilot study was 

useful in helping to tighten up the analysis procedures, and it 

brought out several important problem areas which were subsequently 

solved and made a part of the guidelines for conducting the study. 

It was determined from the results of the pilot study that content 

analysis is a feasible research method for investigating color 

harmony through published works on the subject. 

Question number three. The pilot study resulted in several 

changes in the intial color harmony attribute categories. As a con-

sequence of the pilot findings, it was possible to evolve a set of 

categories for the main study which were more descriptive of meanings 

apt to be encountered than those categories initially used in the 

pilot. The revised categories were more generic and mutually exclusive 
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than the previous set. It was necessary to add some categories and 

condense others to avoid overlapping meanings. Table D gives the 

relationship "between the pilot study categories and the revised ones 

proposed for the main investigation. Table E shows the new attribute 

categories with indicators for each which were, incidentally, also 

results of the pilot study. It was felt that these categories and 

their indicators described unique attribute domains which were 

peculiar to a particular meaning associated with the term color 

harmony. 
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Table D 

Relationships Between Pilot Study 

and Revised Categories 

Pilot Study Relationship Revised 

Color System 

Color Intuition 

Color Family 

Color Interval 

Color Affinity 

Color Appropriateness 

Color Area 

Color Juxtaposition 

Angular Size of Color 

Relative Size of Color 

Color Proximity and 

Configuration 

Dynamics 

Order 

Relationship 

Appropriateness 

Character* 

Color Tone* 

Area 

Adaptation Dynamics 

Spatial Arrangement 

Added categories. 
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Table E 

.Categories and Indicators of Color Harmony Attributes 

Attribute Category Indicators 

Order systems, interval, schemes, unambiguous 

Relationship family, affinity, similarity, commonality 

Appropriateness symbolism, familiarity, taste 

Character cool, warm, heavy, mood, effect, tempter, 

(intuition), etc. 

Color Tone hue, saturation, value, dimension 

Area angular size, relative size 

Adaptation Dynamics simultaneous contrast, successive contrast; 

false color, illusion, appearance modification 

Spatial Arrangement shape configuration, proximity, juxtaposition, 

design, influence of surrounding objects 



APPENDIX B 

DOCUMENTATION 

Information contributed to the study by selected color experts 

came in the form of letter responses. As an appendix, this informa-

tion is useful to the reader in understanding, evaluating, and 

replicating this component of the research. A facsimile of a 

letter-type, open questionnaire is shown in Figure A. Figures B 

through F are copies of letters from the respondents to the question-

naire , and Figure G provides other data from the writings of 

Johannes Itten. Appendix B also includes brief biographies of the 

color experts, Rudolf Arnheim, Faber Birren, Frans Gerritsen, 

Johannes Itten, David L. McAdam, Siegfried Roesch, and Mary L. Buckley. 

Authorities on Color 

Rudolf Arnheim. The pursuit of the psychology of visual per-

ception in its application to the arts and to productive thinking in 

science and philosophy in the twentieth century, produced new insights 

about aesthetics and the function of color as a visual stimulus. 

Rudolf Armheim's Art and Visual Perception: A Psychology of the 

Creative Eye (197*0 is considered by many as the best of these efforts 

and indispensable to the study of design and color. Although his views 

on the psychology of color have been criticized as being arbitrary 

(Buckley and Baum, 1975 )> his statements regarding color action in 

art are nevertheless profoundly original and are founded on the best 

201 
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Dear [Professor Gerritsen, Professor Doctor Roesch, Dr. Amheim, 

Dr. MacAdam, Mr. Birren] : 

The department of art at North Texas State University has ap-
proved as the subject of ray doctoral dissertation a study on the 
meaning of color harmony. As a part of the study a sample of written 
works on the subject of color is to be selected for an analysis of 
their content as it relates to color harmony. The objective of the 
study is to clarify the definition of the term by evaluating the 
emphasis placed on various ways of achieving harmony by the respective 
authors. Works from art, science, psychology, and related fields of 
study are to be surveyed. The study will culminate in the presenta-
tion of a conceptual model which will embody the findings of the 
content analysis and hopefully be of some value in color teaching and 
color research. 

My purpose in writing to you concerns the selection of the sam-
ple of works to be analyzed. Would it be possible to obtain from you 
a list of five titles of works which you personally consider to be 
indispensable to the study of color from your point of view? I 
realize that it is perhaps an unreasonable request to ask that the 
great body of literature on color be reduced to just five books, but 
I believe that in this way an acceptable sample for the study can 
be determined. Others representing somewhat different interests in 
color study have also been invited to suggest five titles for analysis. 
A composite listing will then be made, a listing which should prove 
interesting in itself. 

The study is structured in such a way that it will not be neces-
sary to single out books for their particular attention to color 
harmony per se: the sought after meanings may be interpreted from 
almost any type of texts on color, therefore, you should not feel 
limited by the topic of color harmony when identifying the works. 

Please feel free to recommend works which you have authored or 
edited. 

The feasibility of this study is based on the results of a 
pilot study which showed that the content analysis method which is 
to be used is quite reliable for dealing with the subject of color 
definition, and the project needs only the selection of a sample of 
works to begin. To put my request for your assistance into different 
terms, if all the books on color which are available to us in this 
century were suddenly destroyed except for five, which five would you 
personally want to see survive for your own use? I hope you will 
find the proposed study on color harmony meaning worthy of your 
attention. I will look forward to hearing from you in the very near 
future. 

Sincerely yours, 

/S/ 

Figure A. Facsimile of Letter Questionnaire to Color Authorities. 
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f r a n s g e r r i t s e n 

Mr. Kenneth E. Burchett 
P.O. Box 1164 
Branson, Missouri 65616 

- d e r e e h o r s t — 
z a n d b e r g e n l a a n 26 a m a r s f o o r t theJi«fcKar!*Hde 

March 16th, 1977. 

Dear Mr. Burchett, 

We received your letter dated Feb. 5th and wish you 

luck with your undertaking. It sounds like quite a 

project. 

Our first reaction to your letter was "If all the books 

were destroyed, itjnight he good to start all over again!11 

We have,however, given the problem much thought and offer 

the following books with the reservation that it is a 

difficult assignment.: 

1) To learn about;the interaction of color. 

Josef Albers:11 Interaction of Color',1 Yale University large 

original edition. (the small edition has too few illustrations). 

2) To learn about:Color Contrast possibilities in Art. 

Johannes Itten;"The Art Of Color',' v. Nostrand Reinhold. 

Important: The kinds of contrast mentioned are illustrated 

with arta reproductions of paintings in color. 

3) To learn about color compositions in nature; Art of Color 

Photography. 

Harald Mante: "Farbdesign in der photographies Otto Maier Verlag 

-Post Fach 1860, D-7980- Ravensburg, W- Germany. This has 

been translated into Dutch; "Kleukoinposit±e'J I believe it has 

also been translated mto english? maybe v. Nostrpnd Reinhold? 

Otherwise you can get title and publisher via Otto Maier VerL 

4) To learn about diverse color possibilities. 

Erich Alfred Hickethier: "Color Aulas',' v. Nostrand Remnold; 

however, he changed the color names'.! 

Please read:0 (white) and 9(yellow, Cyan, P'agenta)-(green, 

ultramarine blue, red) instead of: 9(yellow, blue, red)-

(green, violet, orange) this is as printers usually mixed 

up the names of colors! Goethe also wrote: ye^llow, blue, red, 

green,'purple, orange; he meant yellow, cyan, magenta, green, 

ultra-saline olue am, leu. Joseph Aloers (ana ^any others) 

was I I IISLCAA uy tue w± m,-:: use OI C Q I J I MU..eu oi' Goethe in his 

coljr scne-.ie as aojve. When jne studies this anu other bjsks, 

keeJ this in mina. 

Figure B, Letter from Frans Gexritsen, 

(..Continued).. 
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f r a n s g e r r i t s e n 

pppe ? 

- d e r e e h o r s t -

z a n d b e r g e n l a a n 26 a m e r s l o o r t 

5 ) As a bcoad general packerjund to the many aspects of 

color; as a new ihejry based upon the color perception 

possioilities of the eye. 

Frans Gerritsen: "Theory and practice oi Color'.1 

The book also ouilas • or spans a oridge oetween the world 

of the arts and the world of the sciences. 

We hope the list is helpful. We look forward to reading 

your dissertation if it will be possible for you to send us 

a copy. 

Sincerely yours, 

Frans Gerritsen 

Figure B. Continued. 
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K l a u s Staudt H o c h s c h u l e f u r G e s t a l t u n g 

Schlof t s t raOe 31 

605 O f f e n b a c h a m Main 

P r o f . Kenneth E . B u r c h e t t 

p . o . box 1164 

B r a n s o n , M i s s o u r i 65616 

USA 

1 2 . 6 . 1 9 7 7 

D e a r M r . B u r c h e t t , 

it h a s b e e n s e v e r a l mon ths , s ince I got y o u r l e t t e y f r o m P r o f . D r . R o s c h . 
E x c u s e m e , I have fo rgo t t en to a n s w e r to you, an to thank you v e r y much , 
a l s o in the n a m e of P r o f . R o s c h . 

I h a v e r e a d y o u r l e t t e r with g r e a t i n t e r e s t and I a m v e r y glad to h e a r , 
t ha t a t o t h e r p o i n t s of the wor ld people a r e ab l e to s tudy c o l o r - p r o b l e m s . 
I th ink , you a r e a t e a c h e r at the N o r t h T e x a s S ta te U n i v e r s i t y in the 
d e p a r t m e n t of c o l o r - d e s i g n ? With g r e a t i n t e r e s t I have s tud i ed y o u r 
w r i t t e n work about c o l o r - h a r m o n y . It i s a w o r k of e x p e r i m e n t s and the 
c o n t e n t s of y o u r d o c t o r a l d i s s e r t a t i o n i n c l u d s - I suppose - the h i s t o r y 
and the s t u d i e s up to the day about c o l o r - h a r m o n i e s , i s tha t r i g h t ? 

I th ink, you want to know s o m e th ings abou t m y p e r s o n . I a m an a r t i s t 
and t e a c h i n g at the Hochschu le fu r G e s t a l t u n g in O f f e n b a c h in the 
d e p a r t m e n t of V i s u e l l Kommunika t ion . I t r y to o r g a n i z e an a r c h i v of 
c o l o r in connec t ion with the c o l o r - l i b r a r y . We have a lo t of v e r y i n t e r e s t i n g 
b o o k s about c o l o r - p r o b l e m s and I wil l s e n d you a l i s t , which i s not c o m p l e t e . 
P r o f . R o s c h h a s g iven us s e v e r a l i m p o r t a n t books , u n d e r tha t G o l d s c h m i d t ' s 

Colors in A r t " . If you don* t find it in the Y a l e U n i v e r s i t y L i b r a r y , c o m e to 
G e r m a n y to O f f e n b a c h ! With the l i s t s t o g e t h e r I wil l send you a f o t o - c o p y 
of F r a n z E x n e r ' s " C h a r a c t e r i z a t i o n of the B e a u t i f u l and Ugly C o l o r s " . 
I got i t f r o m P r o f . Rosch . 

You want to know f ive t i t l e s of books w h i c h we c o n s i d e r to be i n d i p e n s a b l e 
to the s tudy of c o l o r : h e r e you have: : 

1. H e l m h o l t z : P h y s i o l o g i s c h e Optik, 2. A u f l a g e , 1896 
2. G o e t h e : Die g e s a m t e F a r b e n l e h r e 
3. W. Os twa ld : F a r b e n f i b e l 
4. S. R 6 s c h : F a r b e n l e h r e f u r M i n e r a l o g e n 
5. E b e r h a r d Buchwald : & Kapitel F a r b e n l e h r e 
6 . M a n f r e d R i c h t e r : E inf i ihrung in die F a r b m e t r i k , 1976 

It i s d i f f i cu l t f o r m e , to make p r o p o s a l s , b e c a u s e I did not r e a d a l l i m p o r t a n t 
b o o k s up to th i s day . But I think, the c o l o r - r u l e of Goe the a n d of Os twa ld and 
the book of c o l o r - s y s t e m s by Gun te r W y s z e c k i a r e s t a n d a r d - w o r k s of c o l o r -
l i t e r a t u r e , but a l s o a lo t of p e r s o n a l l y c o n s i d e r a t i o n s abau t c o l o r in use 
by f a m o u s a r t i s t s . 
I wi l l M>ok f o r w a r d to h e a r i n g f r o m you in the n e a r f u t u r e , 
S i n c e / e l y j y o u r s (/)/ 
K l a u s Staudt 1 

Figure C. Letter from Klaus Staudt for Siegfried Roesch. 
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R U D O L F A R N H E I M 

1 0 5 0 W A L L S T R E E T . A P T . 6 - C 

A N N A R B O R . M I C H I G A N 4 8 1 0 3 

T E L E P H O N E : ( 3 1 3 ) 6 6 6 - 8 4 8 3 

22 February 1977 

Dear Mr. Burchett 

Here you are: 

Goethe: Zur Farbenlehre 

Richard C. Teevan + Robert C. Birney: 
Color Vision. Selected Readings. 

Arnheim: Art and Visual Perception. 
Chapter on color. 

Josef Albers: Interaction of Color 

Hans Joachim Albrecht: Farbe als Sprache. 
Cologne: Dumont Schauberg 1974. 

With good wishes 

Figure D. Letter from Rudolf Arnheim. 

68 Hammond Street 
Rochester, New York 14615 
February 21, 1977 

Mr. Kenneth E. Burchett 
P. 0. Eox 1164 
Branson, Missouri 65616 

Dear Mr. Burchett: 

In response to your request of February 2, 1977, I list the 
following books: 

Judd and Wyszecki, Color in Business, Science, and Industry, 3rd 
ed. Wiley, N.Y., 1975 

Wyszecki and Stiles, Color Science. Wiley, N.Y. , 1967 

Hunt, Reproduction of Colour, 3rd ed., Fountain Press, England. 
1975. """ " 

MacAdam, Editor, Sources of Color Science, MIT Press, Cambridge, 
1972. 

Wright, Measurement of Colour, 4th ed. VanNostrand Reinhold. 
N.Y., 1969 

Sincerely, 

, //V-c 
David L. MacAdam 

Figure E. Letter from David L. MacAdam 
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FABER BIRREN, Color Consultant 
184 BEDFORD STREET 

STAMFORD, CONNECTICUT 06901 
TELEPHONE (203) 348-1927 

January 2i|, 1977 

Mr. Kenneth 3urchett 
P. 0. Box II6I4. 
Branson, Missouri b561b 

Jear Mr. 3urcnett: • 

Let me congratulate you and wish you success and pleasure 
in the writing of your monograph. I an sure I can be of help 
to you and^am happy to go into considerable detail to do so. 
In my opinion the most important literary sources on the 
matter of color harmony can be presented as follows -- not 
in chronological order but in order of importance. 

1. M. E. Chevreul (1786-1162) 

Chevreul's, The Principles of Harmony and Contrast of Colors, 
is perhaps the greatest of all books on color harmony. It 
influenced the Impressionists and Neo-Impressionistsand 
established new concepts of color expression. A good source 
for you would be my edited edition of Chevreul's work, pub-
lished by Van Nostrand Reinhold in 1967. While it is out of 
print now, you should be able to find a copy in any rood 
library. It tells about Chevreul*s life, English translation 
of m s book, etc. You might also consult the English transla-
tions of Charles Martel and John Spanton. I have used Martel 
for my own edited edition. See pages beginning on 105 in my 
edition. Here set forth is the first comprehensive set of 
principles of color harmony which are still followedTToday 
in color education'. 

2. Goethe (171^9-1832) 

Goethe should by all means be included at tne top. He was 
a famous man, admired by Turner and other painters, and did 
much to shift attention from pure physics to the psychological 
aspects of color. He devised charts, undertook remarkable^ 
experiments, wrote on harmony, psychic effects for color. 
His stature in the field of color, always great through the 
years, is currently looming even larger. 

Goethe's Farbenlehre was published in Germany in 1810. Charles 
Lock has tlake, Goethe's Theory of Colours, was issued in 

° n l n and is available in most libraries. However, 
MIT Press has recently printed a paperback of it which you 

rnl°oidT^0CUre" ̂ ° ^ h t r e x c e l l e n t a n d beautiful wor* is Goethe's 
Color Theory edited by Rupprecht Matthaei who was director 

Figure F, Letter from Faber Birren. 

(.Continued! 
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or the Goethe archives at Weimar. The publisher is Van 
Nostrand Reinhold, 1970. It contains a facsimile of the 
^astlake translation (same as MIT). 

3. Wassily Kandinsky (1866-1 

Kandinsky*s The Art of Spiritual Harmony is exceptionally 
important. He is the beat known of the abstract painters! 
n early exponent of non-objective art and one of the first 

Lhnni r h°i°r f°r t h e 3 a k e ° r c o l o r- The whole modern 
Inclusion a o ^ o w l e d g e s the leadership of Kandinsky. 
inclusion of his work would automatically pay tribute to other 
Bauhaus teachers, Josef Albers, Paul Klee,Johannes Itten? 

Kandinsky had much to say about color harmony. He did charts 
and diagrams, spoke eloquently of psychic qualities in color 

in 1912 T h e ' b L r ^ ^ - ^ T - H i S o r i 6 i n a l G e ™ »°rk came in 1912. The best English translation is, The Art of Spiritual 
Houghton Mifflin, 3oston, 1911;, which may be diffi-

cult to locate. A poor edition, On the Spiritual in Art was 
£ y Guggenheim Foundation, New York, I9I4.6. (Skip 

WiftI hSecure, Concerning the Spiritual in Art, George 
I h " ' 1 9^ 6 ( o r o t h e r date). The translation 
was by Kandinsky'a wife, Nina in I9I4.7. n 

i|. David Katz 

roinr.dJd n°^ " ^ s p e c i f i c a l l y on color harmony or even on 
color in art. Yet his, The World of Colour, published in 
London by Kegan Paul, Trench, Trubner & Co., 193? is a land-

and a ^ c o n d ^ n (193o!")rSt G e r m a a e d i t i o n appeared'in 1911 

phenomena. He introduced new terms in the language of color 

Manymofehi^'f.e*^es?lon t h a t evolve from human perception. ' 

enal in my own bo^ks'^Pablr'sirren ^ t 0 e S t h e t i c 

Faber Birren 

The best of my books would be Creative Color, originally 
issued b.r Reinhold Publishing Corporation, New Yofk 1961 
owever, try to locate a later printing by Van Nostrand Rein 

aold Company which contains a few newer color illustrations 
l 3 t e r 6 d i t i o n i 3 currently being reprinted in paperback. 

ciplesVofCcolLiS i n t w o P a r t s- reviews traditional prin-
Tt tZL r narrr-ony a r a w n to some extent from Chevreul. 

^ attempts to estaolisn new principles based on the 
exploitation of auman perception: effects of luster, 

Figure F. Continued 
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iridescence, luminosity, chromatic light, etc. Included 
are new revelations in the art of color which point toward 
new modes of expression for the future. 

bimpler texts by me are to be found in my Principles of Color 
(1969) and Color Perception in Art (1976). Also for a wealth 
of background material, refer to my History of Color in Paint-
ing (1965) all published by Van Nostrand Reinhold. 

In all fairness and to avoid criticism, I feel it would be 
wise to include reference to the following. 

Albert H. Munsell (1858-1918) 

As you are aware, he is the best known of American color 
authorities, and his system has been developed and used 
throughout a large part of the world. His views on color 
harmony, however, are quite academic and outdated. There 
are two good' references; A Color Notation which Munsell 
published in 1905 and which has been kept in print ever 
since. Available from Munsell Color, 2lj4l North Calvert St., 
Baltimore, Kd. 21210. Otherwise, refer to A Grammar of Color 
o • u ^ a n d e d i t e d bJ Paoer Birren, Van Nostrand 
Reinhold, 1969. This contains a full exposition by Birren 
of Munsell1s ideas of harmony. 

Wilhelm Ostwald (1853-1932) 

Here again is a famous color theorist whose system is better 
than hunsell1s for purposes of harmony. Check The Color Primer 
originally puolished in Germany in 1916 and translated into 
r*nfelish, edited by raber Birren, and published in America 
by Van Nostrand Reinhold, 1969. Also there is a beautiful work 

Ostwald oy Egbert Jacobson, Basic Color, Paul Theobald, 
omcago, 19i|b. 

Arthur Pope 

Arthur Pope and his mentor, Denman Ross of Harvard, created 
* e color^syste. a n d W r 0 t e exteri3ively on the beauty 
ox Iixed palettes, bee Tae Painter's Terms, Vol. 1. 1929 
and The Painter's I'odes of Exoression, Vol. 2 19^1 both 
by Harvard University Press. ' 

Tribute was paid to Pope in 1971; with a monograph, Color in 
Art, puolisned oy the Fogg. Art Kuseum of Harvard University. 

J. P. Guilford 

v!- ; 3 u i l f o r d r"acie technical and well controlled 
studies a color harmony and color combinations, using 

Figure F. Continued 
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scientific research techniques. He had no book to my knowl-
edge. Here are two of his articles: "The Affective Value of 
Color as a Function of Hue, Tint and Chroma," Journal of 
Experimental Psychology, June, 193k; "A Study in Psychodynamics," 
Psychometrika, March, 1939. 

A WORD OF CAUTION 

^ s s e r t ; a t i o n would be open to criticsm if you assumed 
that the ends of color study, color systems, art, etc., were 
concerned entirely with harmony. This is far from the truth. 
1 thinkit would be sensible for you to include the term color 
expression in your title and in your text. A lot of artists 
use color lor discord rather than harmony. Some modern 

tio n«ffwt- 3 U5£ ® 3 F r a n c f 3 3acon, used ugly colors with drama-
tic effect. When you write about color harmony, also mention 
c o l o r expression (pleasant or otherwise")"; 

3inperely,/0 

1 / U a / " > Y V — 
Paber Birren 

Figure F. Continued 
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In the rea lm of aesthetics, are there genera l rules 

and laws of co lor for the artist, or is the aesthetic 

app rec ia t i on of colors governed solely by subjective 

op in ion? Students o f ten ask this quest ion, and my 

answer is a lways the same: " I f you, unknow ing , 

are able to create masterpieces in color , then 

un -know ledge is your way . But if you are unable 

to create masterpieces in co lor out of your un-

know ledge , then you ought to look for know ledge . " 

Doctr ines a n d theories are best for weaker 

moments. In moments o f ' strength, problems are 

solved intu i t ive ly , as if of themselves. 

me: that a l l o f them possessed" cf 

Tngftcg: o f " e a i o K " Far meT the theor ies o f Goethe:.:. 

Chevreu l a n d Ho lze l have been" 

mygfOgfefe." ' -- • • •" - " • ' •-*-

I hope to be ab le to resolve a great many color 

prob lems in this book . W e are not merely to 

e x p o u n d ob ject ive pr incip les a n d rules, but also 

to exp lo re a n d survey the subjective predicament , 

as it per ta ins to cr i t ical taste in the realm of color . 

W e can be released f rom subjective bondage 

on ly t h rough know ledge and awareness of object ive 

pr incip les. 

In music, the theory of compos i t ion has long 

been an impor tan t and accepted part of a 

profess ional educat ion. However , a musician may 

know coun te rpo in t and still be a dul l composer, 

if he lacks insight a n d inspi rat ion. Just so, a painter 

may k n o w al l the resources of compos i t ion in fo rm 

and color , yet remain sterile if insp i ra t ion be den ied 

him. 

It has been said that genius is 99 per cent 

perspi rat ion and 1 per cent insp i ra t ion. There was 

a debate in the press years a g o be tween Richard 

Strauss and Hans Pfitzner abou t the relat ive shares 

of inspirat ion and con t rapun ta l deduc t ion in the 

process of composi t ion. Strauss wro te that four to 

six bars were inspirat ion in his o w n works, and the 

rest e labora t ion . Pfitzner rep l ied, " I t may we l l be 

that Strauss is inspired on ly th rough four to six 

bars, but I have not iced that M o z a r t o f ten composes 

many pages together under insp i ra t ion . " 

Leonardo, Durer, G r u n e w a l d , El Greco and the 

rest d id not scorn to examine their artistic med ia 

intel lectual ly. How cou ld the Isenheim a l tarp iece 

have been produced, had not its creator ponde red 

fo rm and color? 

Knowledge of the laws of design need not 

imprison, it can l iberate f rom indecis ion a n d 

vac i l la t ing percept ion. W h a t we cal l laws of co lor , 

obviously, can be no more than f ragmenta ry , g iven 

the complex i ty and i r ra t iona l i ty of co lor effects. 

In the course of t ime, the human mind has 

penetrated many mysteries in their essence or in 

their mechanism - the r a i n b o w , thunder and 

l ightning, grav i ty and so on. But they are still 

mysteries for al l that. 

Delacro ix wrote, "The elements of co lor theory 

have been neither ana lyzed nor taught in our 

schools of art, because in France it is cons idered 

superfluous to study the laws of co lor , accord ing 

to the saying 'Dra f tsmen may be made, but colorists 

are born . ' Secrets of co lor theory? W h y cal l those 

pr inciples secrets wh ich al l artists must know and 

al l should have been taugh t? " (Les Artistes de mon 

Temps). 

Figure G. Page from Johannes Itten. The Art of Color. c . 1961, 

1973. 
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of available color theory. Arnheim stimulates the imagination with 

his analysis of color and design. Certainly he must "be considered 

one of the foremost authorities on visual perception in general and 

on the psychology of color in art in particular. 

Born in Berlin in 190^, Arnheim was granted United States 

citizenship in 19̂ -6, having arrived here in 19̂ -0. His formal educa-

tion was in Germany, where in 1928 he received a PhD degree at the 

University of Berlin. After working for some years in Rome, 

Dr. Arnheim joined the faculty of Sarah Lawrence College, Bronxville, 

New York, serving concurrently as visiting professor to the New School. 

In 1968 he was appointed professor of the psychology of art at Harvard, 

a post held until his retirement in 197*+• He then "became visiting 

professor at the University of Michigan and Emeritus Professor of 

Harvard. 

Art and Visual Perception, published in 195^» became Arnheim's 

first successful work to be followed by many others including the 

demanding but useful Entropy and Art (.1971) whose analysis of order 

and disorder may be applied to color theory. 

For many years a resident of Cambridge, Massachusetts, Arnheim 

last resided in Ann Arbor, Michigan. Fairly good accounts of his 

career are contained in American Men and Women of Science (1973), 

The Author's and Writer's Who's Who (1971), and Who's Who in America 

(1978). Interesting insights into Dr. Arnheim's attitudes toward the 

practice of art and art education may be found in his keynote address 

to the Fourth National Conference of the American Craftsmen's Council 
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(Arnheim, 1965) and in a speech before the 11th Biennial Conference 

of the National Art Education Association (Arnheim, 1971, 1972). 

Faber Birren. The contributions of Faber .Birren to color 

literature are more numerous than for any writer known on the subject. 

A prolific writer and editor, over 30 books on color carry his name, 

and several others have been written under the pseudonymns of Gregor 

and Martin Lang. The best of his works related to art are probably 

Creative Color (1961) and History of Color in Painting (1965). 

Birren is also responsible for some 300 articles on color to trade 

and scientific magazines. 

Though at times appearing cumbersom and somewhat redundant in 

style, his writings are nonetheless significant to the literature on 

color, and anyone desiring to experience a thorough accounting of the 

history of color theory would need to study Birren. His position in 

the field is characterized by an unrelenting advocacy of the impor-

tance of color in our daily lives. He may be credited with having 

almost single-handedly revived most of the great past literature on 

color to the pleasure and use of contemporary workers everywhere. 

Without his perserverance, some of the original thinking on the subject 

by such authors as Chevreul and Rood would have remained obscure or 

unknown to all but the more thorough scholar. Through his efforts, 

important editions have been revitalized and are now on virtually 

every library shelf in the country. 

Largely self-educated in the study of color, Birren went on to 

become a nationally recognized authority in its practical use. In 

the 1930's and 19^0's his theories of functional color won praise 
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from industry and government agencies. He developed the first 

successful color safety code, and his post-war work with the United 

States Armed Forces resulted in the first mannuals of standardized 

color practice, still considered to be the most exhaustive color-

coordination job every undertaken. 

Born in Chicago in 1900, the son of a moderately successful 

painter, Birren took classes at the Art Institute of Chicago and 

entered the University of Chicago in 1920 with the intentions of 

becoming a teacher. Shortly thereafter, however, he left to pursue 

his interests in color. In his early years he worked for a publish-

ing firm prior to setting up his own successful color consultant 

business in Chicago in 193^; presently headquartered in Stamford, 

Connecticut, affiliate offices are located in Montreal, Quebec, 

Canada. 

Most of Birren"s research in later years is by a staff of 

workers, but his personal knowledge of the literature of color is 

probably unequalled when it comes to applications to art and related 

areas. His private library of books on color is considered one of 

the best in the world. 

A good early reference to his work in functional color is given 

by Woodbury (19^7). More recent biographical summaries are in 

Current Biography Yearbook (1956) and Contemporary Authors (1975). 

Birren's style of simple and easily understood presentations of the 

fundamental perceptual facts regarding color are well expressed in 

Principles of Color (1969b) and Color Perception in Art (1976). This 

basic approach to the material is characteristic of much of his 
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writing and represents a communication with the average reader which 

is sometimes mistaken by his critics as a lack of insight into the 

subject. 

Frans Gerritsen. Frans Gerritsen, designer and teacher of 

applied design and a virtuoso in the use of color (Hannigan, 1976), 

is from Amersfoort, Utrecht, The Netherlands. Other than his book, 

Theory and Practice of Color (1975), little is generally known about 

him in this country. 

His theoretical interests in color stem from wanting to bridge 

the traditional differences between the world of the arts and the 

world of the sciences; that is, to unify the knowledge of perception 

of color with that of its scientific description (Gerritsen, Letter). 

His theory of color unification has gained international attention 

since it appeared in 1975, but, unfortunately, has not enjoyed 

widespread acceptance. 

Theory and Practice is the best, if not the only, public expla-

nation of Gerritsen's theory which brings additive, subtractive, and 

partitive (or averaging) color situations together under explanations 

tied to the physics of sight (Review, Booklist, 1976). Certainly, 

it is the most comprehensive attempt at a unified theory to be 

published recently, althought similar ideas have been advanced by 

others (cf., Kuppers, 1973). Gerritsen has described his own work 

as offering a "broad general background to the many aspects of color; 

as a new theory based upon the color perception possibilities of the 

eye" (Letter, 1977). 



216 

Gerritsen has been an enthusiastic advocate of the unification 

theory. He has a firm grasp of the history of color and "believes his 

new theory to be a significant improvement to much of what has trans-

pired before in the way of attempts to understand the phenomena of 

color. 

General acceptance of his work has been slow in both the fields 

of art and science. Technical and scientific explanations of how 

color is perceived in works of art have never attracted large groups 

of art students at any one time; meanwhile, he has been criticized 

as not being totally prepared in the science of physiological optics 

(Review, Choice, 1976); therefore, scientists are reluctant to adopt 

his views with much enthusiasm. His theories are best known in the 

areas of color photography and printing where they seem most appro-

priate at the moment. 

The unification theory is perhaps a theory of the future in 

the study and practice of color. GerristsenTs early entry into its 

investigation with so clear and lucid an explanation as Theory and 

Practice of Color was due to meet with skepticism which only time 

and additional research will erase. But for all of its controversy, 

the book is one of the most beautifully designed and illustrated 

books on color ever published, a clear demonstration of Gerritsen!s 

expertise with the use of color and design. Indeed, his place as a 

color expert may just as easily rest on his artistic ability to use 

color as on any theory which happens to bear his name. 

Johannes Itten. Johannes Itten was first and foremost an educa-

tor. He opened his first art school in Vienna in 1916 and from there 
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his progressive and novel methods of teaching soon gained him the 

appointment of Master of the Bauhaus in Weimar. The still influen-

tial Bauhaus Basic Course, adopted by art schools everywhere, was 

entirely Itten's idea and that of his teacher, Hoelzel (Parris, 1979): 

The notion of learning through immediate experience 

with materials, the tradition of craft education, 

was never to alter . . . . Today there is barely 

an art program at any level of education that does 

not, in greater or lesser degree, contain some 

remnant of the old preliminary course (Raleigh, 19^8, 

pp. 282, 287). 

Unable to cope with the constructionist rationales of other 

instructors at the school, Itten left the Bauhaus in 1923 hoping at 

some other place to integrate his teaching goals more fully with 

the principles of Eastern philosophy which meant a great deal to him 

(Moholy, 1968). After brief periods of service in other institutions, 

he eventually became Director of the School and Museum for Arts and 

Crafts in Zurich, where he remained until his retirement in 1953. 

Administrative and educational commitments made excessive demands 

upon Itten, leaving little time for his own creative work. Indeed, it 

was not until after his retirement that his attention turned again 

to painting and to writing. Yet, the significance of Itten's artistic 

achievements as one of the great contributors to the art of the 

twentieth century is undisputed. His Art of Color and Design and Form, 

appearing in 1961 and 19&3, respectively, are the revelation of a 

teaching philosophy formed over the course of fifty years. 
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Attempts to link Itten's color theories to those of Goethe, 

or the spirit of later German art nouveau, are not successful. 

His concerns for mathematical proportion in concert with the "notion 

of intuitive experience through a melange of conventional color 

symbology and a psychologism of physical and emotional equilibrium" 

(Raleigh, 1968, p. 286) are uniquely Itten's. 

His life "began in the central part of Switzerland in 1888. He 

studied in Berne, Geneva, and Stuttgart. For his contribution as 

artist and educator he was awarded an Honorary DoctorTs degree by 

Darmstadt Technical University in 1965 and the Dutch Sikkens Prize 

in 1966. He died in March of 1967. Sadly, there are few articles 

of merit written about this great man of teaching and art. Raleigh 

(1968) has drawn some interesting but argumentative comparisons of 

Itten s ideas and the flow of events in the recent history of art 

education, but no biography exists to account for his life and work. 

David Lewis MacAdam. The distinguished career of David MacAdam 

as physicist and teacher is internationally recognized. Born in 

Philadelphia in 1910, MacAdam was educated at Lehigh University and 

the Massachusetts Institute of Technology where he received his PhD 

degree in physics. His early work on the interferometric extension 

of wavelength standards into the ultraviolet and Schumann regions of 

the color spectrum led to early positions in research and teaching. 

In 1936 he joined the research laboratories of Eastman Kodak Company, 

an affiliation which continued for nearly î-O years; he was senior 

research associate from 1961 until his retirement in 1975- MacAdam 
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concurrently served as guest lecturer and fellow to a host of educa-

tional institutions and professional organizations and is today highly 

regarded throughout the field of color study. 

Interested principally in the science of color, MacAdam 

specializes in research on color measurement and its application to 

color photography and television. Other work "by him, in addition to 

studies of photographic image structure, includes research into 

photoelectric spectrophotometry, spectroradiometry, and the influence 

of color contrast on visual acuity; his added interest in uniform 

color systems also resulted in 1977 in the unveiling of a rhomboid 

color solid (MacAdam, 1978) whose greatly expanded variety of color 

scales make it perhaps the best of such color systems produced to 

date. 

Active in numerous color organizations to advance research and 

understanding of color, Dr. MacAdam served as a member and officer 

of the International Commission on Illumination, the American Insti-

tute of Physics, the Optical Society of America, and the Intersociety 

Color Council, to name a few. He is recipient of the Godlove Award, 

Lomb Medal, and the prestigious Ives Medal of the Optical Society, 

all in recognition of his work in color and vision; and besides 

being president of the Optical Society, he was for eleven years editor 

of the Society's journal. 

Books on color by him include editorship of Sources of Color 

Science (1978) and co-author with the distinguished A. C. Hardy of 

the pioneering 1936 Handbook of Colorimetry. His numerous articles 
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appear in major trade and technical journals and embrace a wide 

variety of scientific color subjects. Outside the world of color 

science, MacAdam!s interests run to politics where he was twice a 

candidate for the United States House of Representatives. A lifelong 

resident of Rochester, New York, he fills a post-retirement position 

as Professor of the University of Rochester. Factual summaries of 

MacAdamT s career are in American Men of Science (1961), American Men 

and Women of Science (1972), and Who*s Who in America (1976). 

Siegfried Roesch. Siegfried Roesch is internationally known 

for his research in color. Unfortunately, outside Europe little is 

generally known about the personal life and career of this German 

scientist and teacher except in the ranks of the specialized profes-

sions where his theories have had their strongest impact. 

Roesch was born in Ludwigshafen, German, in 1899. His early 

education was interrupted by the First World War in which he served 

part—time as a war volunteer and in which he was seriously wounded. 

After the War he continued his education at the University of Heidel-

His scientific studies were concluded at Munich and Leipzig 

where he graduated in 1927 with a PhD degree. Roesch specialized in 

mineralogy with particular pursuit of the study of geophysics and 

geology. His dissertation, Darstellung der Farbenlehr fur die Zwecke 

des Mineralogen [Color Theory as Applied to Mineralogy], published in 

19293 is among his first, and perhaps best, works on the subject of 

color although other articles on color measurement were published by 

him as early as 1926. 
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He has produced more than 100 articles and books on color, 

primarily on the subject of the science of color; he has also written 

extensively on color in art and photography and other color-related 

fields. In 1972, at the age of 73, he edited and published Die Grosse 

Farbenordnung Hickethier, the most extensive color atlas produced 

since the Munsell Book of Color, and one of the very few of RoeschTs 

efforts to be translated into English (Hickethier, 197*0. 

Roesch is unquestionably one of the foremost scholars on the 

history of color and color theory, including color aesthetics, a 

subject with which he concerned himself directly for many years but 

later abandoned to more pressing research efforts (Roesch, Letters, 

1976). 

Dr. Roesch served as a member of the German Color Standards 

Committee which established the DIN-Farbenkarte [German Industrial 

Standard-Color Chart], the official color system of the German 

Standards Association. Based on a color solid having 2b hue planes, 

this system has gained favorable response throughout the world of 

color science. 

Professor Roeschfs preference for scientific study of color 

has also led to important color theories in crystalography and 

crystaloptics and in the science of precious stones. While still a 

student, he invented the process of reflectography, one of the uses 

of which is to identify the faceting patterns of diamonds. His 

thesis in 1926 describes the reflectography process. (The recently 

offered MgemprintT? is the same instrument and research princple. ) 



222 

In 1932 he invented the optimal-colorimeter and in 19̂ -5 an instru-

ment to analyze the colors of polarized light interference (Rinne 

and Berek, 1953), an instrument which was also later patented in the 

United States. Roesch's sound knowledge of color measurement, its 

history, and its practical value as a science are central to his 

work in color. Study of German color research cannot be undertaken 

without close association with his ideas. 

At the same time, he has also written extensively and cogently 

about art, sometimes to express unique concepts relating art and 

science. His theory of the harmonious quadrilateral form plotted on 

the DIN color diagram by the four precious stones—yellow diamond 

(or topaz), sapphire, emerald, and ruby—is one such effort. This 

harmonic color theory, based on a 1902 study by Exner, is beautifully 

described by Roesch (1975). 

Many of Dr. Roesch's ideas and inventions, however, are widely 

applicable to more than just limited interests, and his accomplishments 

in fields outside of color per se are quite remarkable. His first 

publication in 192k was on the interior of the earth. Since then, he 

has published on mathematics, numerology, astronomy, physics, 

chemistry, mineralogy, art theory, photography, history, library 

science, meterology, precious stones, geology, and biography and 

genealogy, not to mention color. Of all his many varied interests, 

Roesch is perhaps best known outside the science of color and 

mineralogy for his work in genealogy. 

Roesch is a teacher from a family of teachers. Except for his 

father, who was a commercial employee, four generations of his paternal 
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ancestors were "teachers. Roesch himself was appointed Lecturer at 

the University of Leipzig in 1929- In 1935 he became University 

Lecturer at the University of Giessen, where in 19^2 he was 

appointed Professor of Mineralogy and Geology. He retired from 

Giessen in 1965, and he has since served as Professor Emeritus at 

Geissen. Dr. Roesch has also worked as a scientific consultant. 

His affiliation with the Leitz Company in Wetzlar since 1933 has 

produced some of his most important contributions to the science of 

color and optics. 

Professor Roesch is an honored member of the prestigious 

Bensheim Institute for Historical Research; he holds the 1930 silver 

medal for photography from the Association of Photography at 

Vienna and the 1961 French Order of Merit for Research and Invention. 

The Leitz Company has paid him special honor for his work on color 

theory. 

The impressive range of interests which his writings represent 

explain much of the personal nature of Dr. Roesch; he is a man of 

many ideas. And the depth of his understanding of these ideas is 

evidenced throughout the breadth of his variety of writings. Old 

age has reduced his activity in some areas (Roesch, Letters, 1977); 

unfortunately9 chromatics was one of these. All of his color—measuring 

utensils and similar apparatus, color collections, and literature have 

been given to the Academy of Form Construction at Offenbach. It is, 

however, characteristic of Roesch that the Academy which received 

these materials is, in Roeschfs words, "concerned specifically with 
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the relationship of the artistic side of color" (Roesch, Letters, 

1976). Roesch is perhaps fairly described as being of scientific 

mind and creative, if not artistic, disposition—the scientist and 

the artist, a reflection of the Goethe tradition in many ways. 

Practically no biographical information on Roesch has been 

heretofore available in English. However, an excellent, short 

German account of his life is in a birthday anniversary article by 

Ollrog (1979). Other brief biographical listings may be found in 

Wer 1st Wer? Das Deutsche Who's Who (1975), and in Who's Who in 

Europe (1975). Much of the information contained in the present 

biography is from personal correspondence. 

Mary Lorraine Buckley. Artist and educator, Mary Lorraine 

Buckley is known for her success in color and design in art. Born 

in New Haven, Connecticut, she received her education at Keuka 

College, Yale University Art School, the Brooklyn Museum Art School, 

and The New School. Her distinguished teaching career at Pratt 

Institute led to her appointment in 1971 a,s Pratt Professor of Art, 

Color, and Design. 

Ms. Buckley's reputation as an accomplished artist is supported 

in her many color murals and sculptures in public and private collec-

tions including commissions for the State of New York. In addition 

to her art and teaching responsibilities, her service as a color 

consultant to major businesses and to the Museum of Modern Art is 

further evidence of her knowledge in the field. As partner and 

designer for Mary Buckley Associates color and design firm, 

Ms. Buckley's color work on the British Pavilion in the 196^ New York 
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World's Fair and as consultant to architect Philip Johnson add to 

her credentials as an outstanding colorist. 

Her openness to the multifarious character of color study is 

clearly at work in the range of titles presented in Color Theory, 

which is appropriately dedicated to "the artist interested in the 

pursuit of the mysteries of color" (1975, P- ix). Buckley's career 

is outlined in Who's Who of American Women (1973). 



APPENDIX C 

PROBABILITY AND INTERSECTION: A TECHNIQUE 
OF SAMPLE SELECTION 

Randomness 

A total of ll6 bibliographies were surveyed to obtain a popula-

tion of color-related books and to identify those titles within the 

population which were most frequently referenced. An analysis of 

each of the 116 bibliographies produced 6,3^7 titles as a sample 

population. This population was statistically reduced to 78 books, 

or about 1 percent of the.total. Reduction was accomplished by the 

use of a conditional probability method which established significance 

levels based on the number of.times a book was referenced in the 

population as assessed by a relationship to the Normal Curve. 

Method 

The seven reference cutoff level was found to have a conditional 

probability of 0.0452. Table F gives probability estimates for each 

reference cutoff level. By subtracting known quanities at each level 

from the total available references at each successive level and by 

dividing the differences by the 6,31+7 total equal chance cases, the 

probability of each cutoff was determined, conditioned on.the known 

number of books in each category. 

Chi Square. Estimates of conditional probability were based on 

cases spread over 21 reference levels, consistent with the 21 categories 

226 
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Table F 

Conditional Probabilities for Books in 

Twenty-One Reference Levels 

R = 9,07U; N = 6,3^7 

Reference 
Level 
L 

Absolute 
Frequency 

F 

Cumulative 
Frequency 

F 
c 

Relative 
Cumulative 
Frequency 
F /N 
c 

QP 
Equal Chance 
References(R) 
R - F 
L-l c ,L-1 

Probability 
Rt ,-F T n L-l c,L-l 

N 

21 1 1 0.00 1 0.0002 

20 0 1 0.00 2 0.0003 

19 0 1 0.00 3 0.0005 

18 0 1 0.00 1+ 0.0006 

17 2 3 0.00 7 0.0011 

16 1 1* 0.00 11 0.0017 

15 1 5 0.00 16 0.0025 

Ik 3 8 0.00 2k 0.0038 

13 3 1 1 0.00 35 0.0055 

12 5 1 6 0.00 51 0.0080 

11 5 2 1 0.00 72 0.0113 

10 11 32 0.01 104 0.0l6!4 

9 15 ^7 0.01 151 0.0238 

8 11 58 0
 

0
 

H
 

209 0.0329 

7 20 78 0.01 287 0.0^52 

6 38 116 0.02 U03 0.0635 

5 52 168 0.03 571 0.0900 

k 1^3 311 0 . 0 5 882 0.1390 

3 2^9 560 0 . 0 9 l,kk2 0.2272 

2 725 1,285 0.20 2,727 0.^297 

1 5,062 6,3U7 1.00 9,07^ 1.^297 
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of data obtained when references were tabulated from the 116 

bibliographies. The data were simple, nominal-level frequency counts 

of nonparametric description. Chi Square (X2) tests were applied 

to these data to determine if the distribution of the 6,3hj books 

over the 21 categories was significantly different from what could 

be expected in a random assignment of the same data. Goodness-of-fit 

2 

was also calculated using X to see how the distribution may deviate 

from what could normally be expected in this type of problem. 

If there was no significant difference in the 21 reference level 

categories, and if all 6,3̂ -7 cases could be viewed as having equal 

chance for assignment in any reference category, then the same number 

of books, 6,3^7/21=302, should theoretically have appeared in each 

category 1 to 21; from the tabulated data it was clear that this was 

not the case. It was, nevertheless, useful to test the relationship 

of observed outcomes against those expected according to the theory 

of random distribution. Chi Square was applied to establish a statis-

tical confidence in the sample of books marked for retention in the 

study (see Table G). Variation was tested by comparing actual results 

of the bibliographies survey with the null hypothesis that, in this 

event, all references were independently assigned, or not related to 

any factor other than chance. The standard X2 formula was employed: 

(0 - E)2 
(1^ X2 = E 

E 

0 = Observed frequencies 5 

E = ISxpected frequencies. 
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Table G 

Chi Square Calculations for • Observed and Expected Frequencies 

of 6,34-7 Book Titles i n 21 Categories of Reference 

Reference 
Level 

L 

Observed 
Frequency 

0 

Expected 
Frequency 

E 

(0 - E)2 

E 

2 1 1 302 300 

20 0 ?! 
302 

19 0 tt 302 

18 0 It 302 

17 2 tf 298 

16 1 tt 300 

15 1 TT 300 

Ik 3 ft 296 

13 3 tt 296 

1 2 5 It 292 

1 1 5 ft 292 

10 1 1 ft 280 

9 15 tt 273 

8 11 tt 280 

7 20 tt 263 

6 38 tt 231 

5 52 tt 207 

k 1^3 ft 84 

3 2U9 tf 9 

2 725 tt 593 

1 5 , 0 6 2 tt 75,025 

Note. X = £ 
r(0 - E)2 

E 
= 80,227 
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It was found that with 19 degrees of freedom, the probability 

2 
that a random value of X from this distribution of 6,3^7 cases 

2 
would equal or exceed the ^3.82 percentile critical value of X dis-

2 

tnbution was considerably less than one in 1,000, or X 

(Anderson and Zelditch, 1968). The rejection of the null hypothesis 

was therefore tenable, and the spread of the 6,3̂ -7 books over the 

21 reference categories differed significantly from what random 

chance would predict for a population of this size and distribution. 

It was probable that the 78 titles retained at the seven-reference 

level and above respresented a selective group of books within the 

scope of the survey conducted. 

Goodness-of-fit. Chi Square was also applied to the data to 

calculate how each of the various levels and their observed frequencies 

of references fitted a theoretical normal distribution (Rickmers and 

Todd, 1967; Kraft and Van Eeden, 1968). Table H gives goodness-of-

fit estimates by reference levels. Using a mean reference level of 

1.U3 references per book and a standard deviation of 1.25, taken 

from the outcome of the survey, t_ values for the areas under the 

normal curve for the 21 categories of reference were obtained. 

Especially high significance levels were found in categories above 

the five-reference cutoff level, indicating that the data conform to 

other than a normal curve distribution, a point already suggested by 

2 
the previous X application. 

The reduction of the data to normality produced a series of 

standard deviation units, or standard scores (Rvalues in Table H), 

which divided the normal curve equally in segments from -0.3 to 15*7 

values. The percentage of cases expected for each division is given 
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Calculations for Goodness-of-Fit Test for Normality 

X = 1.1*3; S = 1 .25 ; N = 6,31*7 
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Reference 
Level 
L 

Observed 
Frequency 

0 L - X 

t Value 
L - X 
S 

Table 
Value3, 

Difference 
D 

Expected 
^ T l 

Frequency 
E = DN 

21 1 19.57 15.7 1.0000 0.0000 0.00 

20 0 18.57 lb. 9 1.0000 0.0000 0.00 

19 0 17-57 ll*.l 1.0000 0.0000 0.00 

18 0 16.57 1U.3 1.0000 0.0000 0.00 

17 2 15.57 12.5 1.0000 0.0000 0.00 

16 1 1^.57 11.7 1.0000 0.0000 0.00 

15 1 13.57 10.9 1.0000 0.0000 0.00 

ll* 3 12.57 10 .1 1.0000 0.0000 0,00 

13 3 11.57 9 . 3 1.0000 0.0000 0.00 

12 5 10.57 8 .5 1.0000 0.0000 0.00 

11 5 9-57 7 .7 1.0000 0,0000 0.00 

10 11 8.57 6 .9 1.0000 0,0000 0.00 

9 15 7.57 6.1 1.0000 0.0000 0.00 

8 11 6.57 5 .3 1.0000 0.0000 0.00 

7 20 5.57 l*-5 1.0000 0.0001 0.6I* 

6 38 b.57 3-7 0.9999 0.0018 11.1*3 

5 52 3.57 2 .9 0.9981 0.0160 101.55 

1+ ll*3 2.57 2 . 1 0.9821 0.0789 500.78 

3 2h9 1.57 1 . 3 0.9032 0,2117 1,31*3.66 

2 725 0.57 0 .5 0.6915 0,3091+ 1,963.76 

1 5,062 -0.1*3 - 0 . 3 0.3821 0.3821 2,1*25,19 

(Continued) 
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Table H-Continued 

SI 

Source: Rickmers and Todd, 19675 p. -̂8. Values of t_ greater than 

3.8 are assigned 1.0000. Table values are for-°°to t_; books with 

seven or more references occupy 1.0000 - 0.9999 = 0.0001, or .01 percent 

of the area under the normal curve to the right of t = ^-5-

May be expressed as the percent of N between respective t_ values 

on the normal curve. 
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in the difference column of Table H. The normal curve for this 

study predicted an expected frequency (E) of .001 or 0.6k books 

at the seven-reference level (L). This varied considerably from the 

20 books observed at this level; that is, books observed in reference 

level categories 7 to 21 were not normally distributed and probably 

represented selection factors other than randomness. 

It was concluded that the data from the sample of 78 books 

with seven or more references differed strongly from the assumed 

normal population and that these books formed a particularly unique 

set of cases from which books could be drawn for additional study with 

a confidence level on the order of .9999 that any case selected from 

among the 78 would embody the uniqueness of the set. The risk of 

error in rejecting the null hypothesis was calculated at .0228 

acceptable at the .05 level of significance (Best, p. 273; 

Rickmers and Todd, 19^7, p. ^8): 

(2) _ X - X 
- s 

x = Sample mean = 3-9 

X = Population mean = l.k3 

S = Standard deviation = 1.25 

a = 1.000 - 0.9772 = 0.0228 

Theory of Probability 

The investigation of random chance employed the probability 

theory of sets. Events in the selection of the sample of 12 books 
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on color were diagramed, and the correspondence "between various 

subsets of the population and the diagram regions were charted. 

Models of a priori and a posteriori probability were developed to 

disassociate the sample from random chance. 

Definitions. To facilitate the nonstatistical-minded reader in 

understanding the unique language of terms of probability theory, 

definitions are provided at the end of this appendix. 

Definining the sets. The process of discovering a set-theoretic 

fact can be greatly simplified by the use of Venn diagrams, a method 

developed by English logician John Venn (l83^-l833) and frequently 

employed when questions of probability are being investigated. 

Figure H is a Venn diagram depicting the relationships of sets of 

books and their identifies in the sample population or universe of 

books from which the three sources of bibliographies, experts, and 

Buckley—identified as A, B, and C on the diagram—selected works. 

The seven non-overlapping regions shown corresponded to the seven 

possibilities of events for any book xsU, where U is the fixed set of 

books in the population or universe to which discussion was limited 

(see Table I). In this study, the sample being evaluated was repre-

sented by R^ since it was the only region common to all three sources 

and by previous assumption should have contained titles of the more 

important works on color. Definition of the other regions was neces-

sary since the probability of R was established relative to some of 

the other regions or sets. 

The seven regions depicted were capable of being related in 

128 different combinations; therefore, it was proactical to identify 
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Figure H. Venn diagram of the relationship of elements 

in seven subsets of three intersecting sample spaces. 
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Table I 

Relationship of Elements in Seven Subsets 

of Three Sample Spaces 

Region Relationship of Elements 

R^ x £ A and x £ B and x £ C 

R^ x £ A and x t B and x £ C 

R^ x £ A and x £ B and x £ C 

R^ x £ A and x £ B and x £ C 

R,_ x £ A and x £ B and x £ C 

Rg x ft A and x £ B and x £ C 

R^ x £ A and x £ B and x ft C 

Note, x £ reads: Mx is an element (book) in...Tf; x £ reads: TTx 

is not an element (book) in...ff. 
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only those combinations which directly influenced the probabilities 

leading to the selection of the sample. Thirty such combinations 

are given in Table J which introduces the correspondence between 

various subsets of U and regions of the Venn diagram. Subsets were 

developed from two or more sources (vis. , A, B, C) by forming their 

complements (A', B1 , C'), unions (U), and intersections (fl). For 

example, A fl B' says that when all regions of A, i.e., R and R^ and 

R^, intersect with all regions complementary to, or not, B, as 

indicated by ('), in this case R^ and R^ and Rg and R^, the resultant 

subset will be that region or regions common to both A and B', or 

Rg and R^. Similar strategy is applied to the union (U) of two or 

more subsets, except that the result is the regions of both A and B' 

added together; thus, A U B' is R.̂  and Rg and R3 and Rg and R . The 

order in which the intersections or unions takes place does not affect 

the result; e.g. , A fl B U C = CUB[1A. 

Quantification. Useful as these charts and diagrams were as 

tools which make discovery easier, they did not constitute a proof 

(Nanzetta and Strecker, 1971)- To do this, it was necessary to assign 

quantities to the various regions and then to proceed with a series 

of calculations designed to quantify the probabilities of chance 

throughout the population. Probability theory in this problem began 

with the specification of a sample space X_by which the problem was 

defined. Table K shows the assignment of elements to the different 

regions of the Venn diagram in Figure H, corresponding to the three 

categories of sources contributing to the 12-book sample. To rule 
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Table J 

Correspondence Between Various Subsets of U and 

Regions of the Venn Diagram 

Set Region in Venn Diagram 

U R i 
and R2 

and R3 
and Ri* and E5 and Rg and 

A R i and R2 
and R3 

B R i 
and R^ and R5 

C R i 
and R2 

and Rl* and R6 

A n b R i 

A U B R i 
and R2 

and R3 
and and R 5 

A U b n c R i 
and R2 

and R ^ 

A' Ru and R5 
and R6 

and r t 

a- n a n b 0, the set is empty 

B n c R 1 and R ^ 

a n b1 n r 

C1 

R3 

R3 
and R5 

and r t 

A n b' R2 and R3 

B" R2 and R3 
and R6 and r t 

a n b n c R 1 

A n c R 1 
and R2 

A U B UC R 1 
and R2 

and R3 
and RU and B5 and r 6 

a n b' n c R2 

b n c n a1 R u 
B n c R5 

B U C R 1 and R2 and 
RU and R5 and r 6 

(Continued) 
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Table J-Continued 

Set Region in Venn Diagram 

A u c R i and R^ and R^ and 

A' n B* r 6 and R T 
A' n B' 1 n c r 6 
A' fl B' 

r n c RT 

A' n c Rl* and e6 
A n C1 R3 

A n B n c 0, the set is empty 

A1 n B n c1 
R5 

A' n C' R5 and R7 



Table K 

Assignment of Elements to Regions of 

the Venn Diagram 

2k0 

Region/ 
Subset 

No. of 
Elements Description 

U Unknown Universe of books on color 

A 78 Books selected by bibliographies 

B 32 Books selected by experts 

C 302 Books selected by Buckley and Baum 

Ri 
12 Books from bibliographies and experts and Buckley 

R2 
27 Books from bibliographies and Buckley, but 

not experts 

R3 
39 Books not in Buckley, not in experts, but in 

bibliographies 

EU 6 Books from experts and Buckley, but not in 

bibliographies 

R5 
15 Books not in Buckley, not in bibliographies, 

but in experts 

R6 257 Books not in bibliographies, not in experts, 

but in Buckley 

RT 0 Undefined set 
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out any problem of casuistry, every effort was made to make the 

assignment of elements definite enough to allow no dispute whatever 

about what did or did not belong to the various sets (cf. Langer, 1953). 

Regions one through six of the diagram were comprised of books 

from the experts, Buckley and Baum, the bibliographies, and from their 

respective intersections. Region seven (R^), however, required special 

consideration. The R^ region, which represented those works not 

included in the lists of the three sources, could not be absolutely 

defined as to its limits; that is, the element of consistency in how 

the three sources themselves delimited the population U was unknown. 

While it was assumed that all three sources selected works from the 

population of books about color, there was sufficient uncertainty 

about the parameters of region seven to discard it as a parameter of 

the study. This decision was consistent with the orientation of the 

study which sought to find definitions for color use which were 

advanced by the best works on color, rather than to ascertain the 

type and level of popular color application as practiced in general. 

Therefore, U was assigned as unknown in quantity and the region 

likewise, as unknown. In this case the sample population X became 

the union of the other regions or those books which were selected by 

the three independent sources. Hence, the sample space for this 

problem for the purposes of statistical treatment was composed of 

356 book titles selected by the three sources and assumed to be related 

to the field of color. 

Designing for Probability a priori 

Calculating for the probability of random chance and its influence 

on sample selection involved elements of combinational analysis and 
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was subject to the rigors of mathematics; but as Adler (1963) has 

pointed out, "Pure mathematics never studies reality. It studies 

only abstract models of reality" (p. 37)• Accordingly, the models 

of probability for this study were only theoretical ones, but whose 

designs were, nevertheless, structured to relate as closely as 

possible to the several ways in which chance might possibly have 

entered into consideration in the selection of the 12-book sample. 

The a priori probability of an event seeks to identify the 

element of chance hypothetically, when no information is known 

regarding the sequence of behavior within the event. This is con-

trasted with the theory of posteriori probability which is able to 

refine probabilities on the basis of certain known facts influencing 

an event. Involvement of independent sources in drawing the sample 

for this study caused need to investigate both a priori and a pos-

teriori models to cover the possible ways in which 12 books could be 

selected from the 356-book sample space and to show conclusively 

that the best probability of several alternatives still ruled out 

any chance that selection of the sample was influenced by random 

chance, but rather was unquestionably the result of purposive 

selection. 

Model I for a priori probability. If from a population of 

356 books containing 12 of the most important books on color and 

3hh other books of lesser importance, one book is drawn at random, 

what is the probability that the book chosen will be one of the 12 

important books? This is the sum of the probabilities of 12 simple 



2h3 

events selected from equally possible outcomes and is given by the 

formula: 

(3) n n n n 
P(E) = — + — f - * * • + —ip-

n(x) n(X) n(x) n(X) 

P(E) = -||g- = .03b 

where E is the event that one of the 12 most important works on color 

will "be chosen and n = number of elements, X = the sample space. 

Thus, the probability of selecting one of the 12 books was .03^, 

or about one chance in kO of "being successful. Invoking the multi-

plication rule for independent events, the probability estimate of 

.03^ was raised to the twelfth power to provide a ready approximation 

of the probability of repeating the single event 12 times to 

obtain the 12-book sample. The chance of selecting all 12 of the most 

__L8 

important works randomly one at a time was 2.2 x 10 !, a factor 

approaching impossibility. 

When the 356-book sample was taken as a configuration of three 

independent sources, rather than as a common space, as above, the 

Rickmers and Todd (1967) formula for non-mutually-exclusive events 

was applied and a priori probabilities calculated for a number of 

combinational alternatives, including the probability of selecting a 

single book simultaneously from all three independent sources (see 

Table L): 

(K) P(A and B) = P(A) X P(B) 

(5) P(A or B) = P(A) + P(B) - P(A and B) 
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Table L 

Combinational Probabilities for Selecting One Book 

From Three Non-Mutually-Exclusive Sampling Sources 

Sampling Event 

Sources 
Bibliographies Experts Buckley and Baum 

A B C 

P(A), P(B), P ( C ) . 2 1 9 .090 

C
O

 
-3-
C

O
 

P(A and B) . 0 2 0 

P(B and C) .076 

P(A and C) . 1 8 6 .186 

P(A and B and C) . 0 1 7 

P(A or B) . 2 8 9 
&>$*'$** ~ 'J'"" . 

P(B or C) . 7 5 2 

P(A or C) 

1—1 
O

O
 

O
O

 

.-;;v V'.,. -

H
 

C
O

 
C

O
 

P(A or B or C) 1.1U0 

Note. Source: Rickmers and Todd, 1967. 
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Using formula (^), the probability of chance was found to be .017 for 

the event that the same book would be chosen in three independent 

sources simultaneously. Raised to the power of 12 for the 12-book 

sample, the probability of completing the sample in this way was 

-22 -18 
5.8 x 10 !. In comparison with the earlier estimated of 2.2 x 10 J, 

the probability was shown to be less likely when three sources were 

involved. However, if only two independent sources were involved, 

the probability of selecting a book that was on both lists was 

higher, especially if the two sources were Buckley and Baum and the 

bibliographies. The probability of choosing a book that was on at 

least one of the three lists was better than certainty at l.lUO due 

to the overlapping configuration of the three independent sources 

(cf. Figure H). 

Model II a priori probability. While Model I accurately 

predicted the chance of randomly selecting a single book from the 

356-book population space, there was difficulty in applying the model 

conclusively to the selection of the 12-book sample, hence the 

symbol (!) of estimation. Model I a priori formulas assumed that 

there was a replacement after each single event. Model II a priori 

probability, on the other hand, was able to treat the selection of 

the 12 books more accurately since probabilities were computed based 

on selection from the population without replacement. The problem 

may be stated as follows: If from a population of 356 books on color 

composed of 12 of the more important works and 3 ^ books of lesser 

importance, 12 books are selected at random one at a time without 

replacement, what is the probability that all 12 books drawn will be 
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"the more important "works? Probabilities "were computed for choosing 

0, 1, 2, 3, . . . ,12 more important books (see Table M). The 

formula for this model was obtained, from Adler (19&3) an<^ Feller (1957): 

(6) 

P(E) = 
(») (4) 

(r + s ] 

, k / 

where r = the more important books; s = the less important books; 

k = the random choices without replacement; and i = 0, 1, 2, 3, • • • > 

12 of the more important books chosen in k attempts. Strictly speaking, 

m can only be an integer between 0 and 12 in this problem; however, 

in order to make the equation valid for all integers m9 such that 

0 < r < s, we define 1 and ̂  = 1 (Feller, 1957). The 

probabilties in Table M showed that when the theory of hypergeometric 

distribution—selection without replacement—was taken into account, 

the chance again of selecting the 12-book sample from 356 cases in 

the population was a factor nearing impossibility. Factors of less 

than 1 x 10-5 were omitted from the table. Table M also introduced 

the concept of the Maximum Likelihood Principle (Lindgren and 

McElrath, 1959) which states that for any sample there is a condition 

in which the best possible chance exists for a given event. An 

excellent example of this phenomenon occurred in the calculations of 

probabilities for the experts (Column B). The highest probability of 

random chance in this sample of 32 books occurred when M = U; that is, 

there was a 28 percent chance of picking U of the 12 books from the 

experts in 12 attempts without replacement, meaning that there was a 
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• Table M 

Model II a priori Probabilities of Selecting m Important 

Books at Random in 12 Attempts Without Replacement 

Bibliographies Experts Buckley and Baum Population 

P(A)a P(B)13 p ( c ) c P(A and B and C)^ 

m n = 78 n = 32 n = 302 n = 356 

0 .113^ .0006 .6090 * * 

1 .2967 .0089 .3lkh .0008 

2 .3206 .05^0 .0679 .0012 

3 .1875 . 1636 .0081 .0003 

li .0655 .2762 .0006 ** 

5 .0lU2 .2719 ** ** 

6 .0019 .1586 ** 

7 .0002 .05M+ ** ** 

8 .0106 ** * * 

9 ** .0001 ** 

10 ** ** ** 

11 ** ** ** 

12 ** ** * * 

aP(A) : r = 12; s = 66; k = 12; m = 0, 1, 2, 3, ..., 12 

bP(B) : r = 12; s II 

O
 

O
J 

II 12; m II O
 

H
 

l\>
 

\9
 3 , 

O
J 

1—1 r\ 

CP(C) : r = 12; s = 290; k = = 12, m = 0, 1 , 2 , 3 , ..., 12 

^P(A and B and C) = 1.060 X io-h\ > or the probability of obtaining 

12 books in 12 attempts without replacement from three sources. 

** 
Probability is less than . ,0000 
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greater probability of choosing U of the 12 books from this sub-

population than in choosing 1. Similarly, the Maximum Likelihood 

probability for the bibliographies was M = 2, or a 32 percent chance 

of picking 2 of the 12 books from the subpopulation of 78 books. 

This information was useful in establishing a profile of probabilities 

for the selection of the 12-book sample from three intersected sample 

sources. Figure I charts the likelihood functions for the three in-

dependent sources of bibliograhies, experts, and Buckley and Baum. 

Figure J plots Maximum Likelihood estimators as a function of 

sample size. The inverse relationship between estimator and sample 

size varies from problem to problem. In the case of this study, as 

the sample size approached 12, the probability increased toward 

1.0000, or certainty that all 12 books in the sample would be 

selected. As the sample size increased toward the optimum of 302, 

the probability that none of the 12 more important works would be 

chosen was 6l percent. The Maximum Likelihood curve for this problem 

was used to predict hypothetically the estimators for other sample 

sizes from 12 to 302 elements; e.g., the best probability existed 

for selecting 6 books in 12 attempts without replacement when the 

population size was 18. Of course, when the probability of a given 

Maximum Likelihood estimator was known, there was always a 1.000 - P(E) 

chance that the other events in the set would occur; e.g., 

1.0000 - .6090 = .3910, or a 39 percent chance that some of the books 

would be selected from the 302-book sample space. This was confirmed 

by adding the probabilities of each event in the set to obtain unity. 
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1.0000 

.9000 

.8000 

w_ .7000 
CM 

^ .6000 
-P 

£ .5000 

g .1+000 
Pn 

.3000 

, 2000 

.1000 -

Buckley and Baum 
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Important Books on Color, m 

10 11 12 

Figure I. Model II a priori likelihood functions for three 

sampling events (cf. Lindgren and McElrath, 1959)-
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L = 0 302 

Maximum Likelihood Estimators9 M 

Announce: 

M = It, if x = 32 

M = 2, if x = 78 

M = 0, if x = 302 

3 U 5 6 7 8 

Important Books on Color, m 

10 11 12 

Figure J. Maximum Likelihood Principle for three sampling events 

in the selection of 12 books on color. 
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Figure J was especially relevant to the selection of the 12-book 

sample since it graphically demonstrated the advantage of using a 

relatively large sample space from which to choose the 12 "books if 

random selection was to he eliminated completely from the sampling 

process. Figure J also showed the rather large effect that three 

separate sampling sources had in offsetting the probabilities of 

random chance. 

Designing for Probability a posteriori 

In the foregoing models of a priori probability, calculations 

were for theoretical probability patterns; that is, given the sample 

spaces of experts, Buckley and Baum, and bibliographies, and their 

assigned elements, it was possible to compute probabilities for 

various hypothetical sampling situations, much like any scenerio for 

realizing a patent research design. Such a -priori methods are useful 

in projecting probability estimates for a proposed study, or, as they 

were used here, to show the optimum probability limits for a projected 

sample. The real selection of a sample, however, frequently introduces 

certain arrangements of information which may want other kinds of 

probability interpretations. For these purposes, models of a posteriori 

probability are useful. 

Sometimes called conditional probability (Goldberg, i960) and 

indicated by the symbol P(E|F), probability E if F, the method of 

a posteriori probability is particularly useful in evaluating multiple 

design studies such as the three-source sampling design employed. 

The selection of 12 books from three separate sources, for 

instance, suggested a closed linear arrangement to the selection 
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process, whereby the three different sample sources were intersected, 

with selection of the 12 books from one source conditioned on selec-

tion from the other two sources. Such an arrangement had the 

potential for altering the probability estimate of choosing the 

12-book sample from three independent sources. 

Conditional probabilities are typically higher than a priori 

probabilities for the same problem, and it may even be argued that 

a posteriori probabilities are more accurate estimators of chance in 

many cases. Goldberg (i960) writes: 

Statements in the theory of probability, as in all 

mathematics, are of the conditional form . . . . 

The antecedents of this conditional assertion are 

usually omitted and only the consequent is stated, 

when it is clear from the context which sample space 

and which assignment of probabilities to simple 

events have been chosen (p. 60). 

Thus, conditional probability has the advantage of being able to 

compute an event indirectly from the probability of other events, not 

necessarily simple, to which it is related (Adler, 1963). 

Figure K shows the three sampling events of bibliographies, 

experts, and Buckley and Baum, in a convenient tree diagram of the 

intersection of these events. The problem of selecting a sample using 

three sampling designs was neatly fitted to a conditional probability 

model since none of the events involved were considered to be simple 

events because each contained more than one element. Moreover, each 

successive level of conditionality involved a reduced sample space, 
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BUCKLEY AND BAUM BIBLIOGRAPHIES EXPERTS INTERSECTION 

P(A|C)=^|= .1219 

P(C)=fi= . 8U83 
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P(B1A|C)=^|^ .0377 

P(A n B n c) = .0337 

P(B' |A|C)=||= .6923 

2 . 
P(B|A' |C)=2G|= .0228 

P(A (1 B' n C) = .0758 

P(A' |C)=|^|= .8709 

RU & R6 

P(A' n B n c) = .0168 

P(B' |A' |C)=||^= .9772 

P(A* n B ' n c) • 7219 
o 

P(B|A|C')=0 

P(A|C* )=|f = .7222 

P(A n B n B n c ' ) = 

P(B' |A|C')=||=1 

= .1096 T ~ P(A n B ' n o 
3 

P(B|A' |C)=J|=I 

P{a' n b n c ) = .01421 
P(A' |C )=|^= .2778 

R5 & R 7 P(B' I A' |c' )H 

• P(A' n 3' n c•) 

Figure K. Tree diagram of the intersection of events in three 

sampling designs, with the conditional probabilities of the events. 
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a further characteristic appropriate to conditional probability 

(Adler, 1963; Mosteller, Rourke, and Thomas, 196l). 

The conditional probability concept is defined as follows: If 

E and F are events in a sample space X, and P(F) 4- 0, then: 

(T) P(E|F) = P(E n F)/P(F) 

This simple definition allows conditional probability to admit to 

properties not available to other methods of probability calculation. 

For example, the numerator and denominator of formula (7) can signify 

probability even if the simple events in X are not all equally likely 

(Adler, 1963). This was important to the sampling process under 

scrutiny since the necessary involvement of sampling events which 

differed in size and origin produced events, viz. , book titles, which 

were not, strictly speaking equally likely in their potential for 

selection. 

Model I for a posteriori probability. The tree diagram in 

Figure K was constructed specifically on a model of conditional 

probability for the intersection of three events. The assignment of 

elements were those given to the respective subset regions in 

Figure H, and all symbols in the two figures corresponded to each 

other. 

To find the probability of selecting 12 important books on color 

using three independent sampling designs, it was first necessary to 

find the probability of selecting one book. The experiment of 

choosing a single work was basically a compound experiment made up of 

two steps. In step one, one of the three sampling spaces was chosen. 
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In step two, one of the books from that space was chosen. Formula (.7) 

was then applied in the following form: 

(8) P(E n F) = P(F)P(E|F) 

Substituting terms, if C_ represents the event that the "book chosen was 

from Buckley and Baum, then C_r was the event that the book was not 

from Buckley and Baum. Applying the same logic to the other two 

sources, A became the event that the book chosen was listed by the 

bibliographies, and 13 was the event that the book chosen was listed 

by the experts as well. Therefore, A (1 B fl C was the event thAt 

the book selected occurred on all three lists. By previous definition, 

we may write formula (8) as: 

(9) P(A n B fl C) = P(C)P(A|C)P(B|A) 

The probability of choosing a Buckley and Baum book, sample space C 

was 302/356; the conditional probability that if the book was listed 

by Buckley and Baum it was also listed by the bibliographies, P(A|C), 

was 39/302 since the two lists had 39 books in common; and, the 

conditional probability that if the book was listed by the bibliogra-

phies it was also listed by the experts, P(B|A), was 12/39 because 

these two lists, experts and bibliographies, had 12 books in common. 

The event that a book was selected by all three sources was the 

Cartesian product of the separate events. 

The tree diagram, which showed the various ordered triples ob-

tainable in the sample selection process, was helpful in seeing the 

relationship of the several probability regions and to compute their 

Cartesian products without overlooking any of the elements of the 

various sets. Concerning the event of interest, the event that a book 
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would be selected by all three sampling sources, it was the inter-

section of the independent events (A fl B f| C) and the Cartesian 

product of the ordered triple, P(C) XP(A | c ) X P(B|A) (Goldberg, i 9 6 0 ) . 

Substituting conditional probabilities for this problem, 

P(A N B fl C) = -|||- x x ̂ | — = -g|— = .0337 

Therefore, the a 'posteriori probability of having the same book selected 

from three separate sampling spaces was .0337- This solution was veri-

fied by using the set of 356 books as a sample space in -which all 

possible outcomes of choosing 1 of 12 books were equally likely; viz. , 

12/356 = .0337- This confirmed the Model I a priori probability which 

was also .0337 for the selection of a single element in the sampling 

designs. However, considerably more information was available a pos-

teriority regarding the relationship of the three sample sources than 

was obtainable by the a priori model. 

Model II for a posteriori probability. One final test of condi-

tionally was required of a posteriori probability. Conditional 

probability obeys the multiplication rule, provided it can be shown 

that the projected events are independent of each other as opposed to 

being mutually exclusive, in which case the addition rule would apply 

and thus significantly alter the probability estimates. Mosteller, 

Rourke, and Thomas (1961) stated: 

There is a danger of confusing mutually exclusive 

events with independent events . . . . Nonover-

lapping sets are mutually exclusive and not 

independent. Indeed, in dealing with independent 

events A and B in a sample space, we know that 
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the sets A and B must have a point in common if 

both A and B have nonzero probabilities (p. 8^). 

Meanwhile, Rickmers and Todd (1967) added to this that two events are 

mutually exclusive if they cannot possible occur together; moreover, 

if the sum of probabilities of different events is not unity, they 

cannot possible be mutually exclusive. Because the three sampling 

designs overlapped, they were independent; and since it was the aim 

of the sampling process in this problem to select a sample from the 

exact overlapping regions, the multiplication rule applied. The 

Model I a posteriori method gave the probability estimate for selec-

ting a single book from the three sample spaces. Since the sample 

size was 12 books, additional calculations were required to arrive 

at a final probability estimate for the 12-book sample. As in the 

a 'priori method, approximation (_! ) was made by raising the probability 

estimate for one book to the power of 12 for each repetition of the 

simple event. But the same problem existed here as was previously 

encountered in the a priori calculations; that is, each time the event 

of selecting one book was realized, the sample space was reduced by 

one element. When allowances were made for this change through 12 

repetitions, the results were as shown in Table ET. 

Figure L, meanwhile, shows the curves of the new Model II a 

posteriori likelihood functions for the three sampling events. The 

importance of conditional probability in the sampling process was 

particularly evident in the a posteriori Maximum Likelihood Estimators 

of M = 11, if x = 302; M = 1, if x = 39; and M = 3, if x = 12. The 
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Table N 

Model II a -posteriori Probabilities of Selecting m Important 

Books at Random in 12 Attempts Without Replacement 

Bibliographies Experts Buckley and Baum Population 

P(A)a P(B)b P(C)C P(A and B and C)^ 

m n = 78 n = 32 n = 302 n = 356 

0 .181*0 .001*5 ** ** 

1 .31*18 .lU2l* ** ** 

2 .2821* .2637 ** ** 

3 .1371 .2810 ** ** 

1+ .01*36 .1799 ** ** 

5 • 0095 .0699 .0005 ** 

6 .0015 .oi6i* .0036 ** 

7 .0002 .0022 .0187 ** 

8 ** .0002 .0689 ** 

9 ** ** .1766 ** 

10 ** ** .2981* ** 

11 ** ** .2989 ** 

12 ** ** .131*3 * * 

aP(A) : r = 39; s = 263; k = = 12; m = 0, 1, 2, 3, . 12 

bP(B) : r = 12; s = 27; k = 12; m = 0, 1, 2, 3, • . . , 12 

°P(C) : r = 302; s = = 5
1*; k = = 12; m = 0, 1, 2, 3, . . . , 12 

^PCA . and B and C) = 1.390 X -22 
10 , or the probability of obtaining 

12 books in 12 attempts without replacement from three sources, 

Probability is less than .0000< 
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Figure L. Model II a posteriori likelihood functions for three 

sampling events. 
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spread of the estimators from one book to 11 served to reduce the 

probability of having a large number of books drawn from each source, 

particularly when the probability of the respective estimator was not 

especially high in the first place. 

Comparing the Model II a posteriori probability with the Model II 

a priori results, we were compelled to revise downward our estimate of 

probability. It has been demonstrated elsewhere that this is not 

necessarily an unusual occurrence (Adler, 1963). However, in this case, 

the problem was strictly an academic one since either the a priori or 

a posteriori estimate was so absurdly low as to virtually rule out any 

possibility of random chance in the selection of the 12-book sample. 

Conclusion 

The best probability estimates obtained for selecting the same 

- 2 2 

12 books in three different sampling designs was 1.390 x 10 . I t 

was shown that other models for calculating probability in this problem 

proved to exceed this estimate. Therefore, it was concluded that the 

probability that random chance influenced the selection of the 12-book 

sample was not tenable. Furthermore, the best estimates for selecting 

a single work randomly using the three source sampling method were 

acceptably low at .03 . 00U, meaning that in the 12-book sample, 

3 percent of the sample was owed to random chance. Thus, it was 

concluded that not one of the 12 books obtained in this sample was the 

result of chance. It was proven that the 12-book sample was a purposive 

sample made up of 12 of the more important books on color taken from a 

delimited population representing a cross section of works in the field. 
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Having discounted the effects of random chance on the selection 

of the sample^ it was necessary to turn to other variables besides 

chance before beginning an analysis of the contents of these books 

in order to determine if factors other than content were influential 

in the sampling process, thus biasing the inclusion of a book in the 

sample. The method for this evaluation is given in Appendix D. 

Definitions of Terms of Probability Theory 
and Rules of Probability 

To facilitate for the nonstatistical-minded reader the under-

standing of the unique language of terms of probability theory5 the 

following definitions are provided. 

Elements. Members of a set are called elements. Braces {} 

specify a finite set. The number of elements in a set E is designated 

by the symbol n(E). 

Events. Events are subsets of a set of possible outcomes of an 

experiment. 

Simple event. A simple event is one that contains exactly one 

element. The probability of a simple event is a number that is positive 

or 0. The probability of each simple event in x is l/n, or l/n(x). The 

sum of the probabilities of all the simple events in a sample space is 

1, or unity. The probability of the empty set is 0. 

Certain event. The certain event is the sample space itself; 

the union of all the simple events in the space. 

Intersection. The intersection of two sets is the set of all 

elements common to each of the two given sets. The cumulative law for 

set intersection is A fl B = B fl A. The associative law for set 
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intersection is (A fl B) fl C = A fl (B (1 C). According to Adler (.1963) s 

the definition of intersection may "be extended to apply to more than 

two sets. The intersection of any number of sets is the set of all 

those elements that belong to all of them. When three or more sets are 

intersected, they may be intersected successively in any order. 

Rules of Probability for Sets in Combinational Analysis 

The foregoing list of basic definitions of terms is further 

supplemented by three important classes of rules or laws of probability 

for sets in combinational analysis. These rules governed all calcula-

tions applied in the determination of probability levels for the 

12-book sample. 

Multiplication rule for independent events. If E and F are 

events in a sample space, and P(E|F) = P(E), then E is independent of 

F. Furthermore, in the case of more than two events, the events E^, 

Egj • • • ? E n
 a r e called independent if every subset of two or more 

of these events satisfies a multiplication rule; that is, the proba-

bility of the intersection of the events in the subset is the product 

of their probabilities. Three events E_̂ , E^, E^ are called completely 

independent if they satisfy the following multiplcation rules: 

P(E1 n E2) = P(E1)P(E2), P(E1 n E3) = P(E1)P(E3), P(E2 n E3) = P(E2)P(E3), 

and P(EX fl Eg fl E ) = P(E1)P(E2)P(E3) (Adler, 1963; Mosteller, Rourke, 

and Thomas, 1961). 

Also, given the probability of two independent events, the 

probability that both will occur is P(A and B) = P(A) X P(B). This 

multiplication rule may be extended to include any number of independent 

events (Rickmers and Todd, 1967). 
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Addition rule for mutually exclusive events. If the intersection 

of two sets is the empty set, the sets are disjoint or mutually exclu-

sive. If two events are disjoint or mutually exclusive, the probability 

that either E or F occurs is the sum of the probabilities of the two 

events. Two events are mutually exclusive if they cannot possibly 

occur together. However, if the sum of probabilities of different 

events is not unity, they cannot be mutually exclusive (cf. Adler, 19^3; 

Rickmers and Todd, 1967) -

Rule for non-mutually-exclusive events. For non-mutually-

exclusive events, to find the probability of occurrence of either of 

them, find the sum of the two probabilities and subtract the probability 

that both events may occur. Thus, for non-mutually, exclusive events, 

P(A or B) = P(A) + P(B) - (.PA and B). 

Rules of the algebra of sets tcf. Goldberg, i960). Identity rules 

are: All 0 = A; A U U = U\ A d [/ = A; A f 0 = 0. Idempotent rules 

are: A U A = A ; A f ) A = A. Complement rules are: A U A1 = . ; 

(A1)1 = A; A H Af = 0 . Commutative rules are: A U B = B U A; 

A H B = B H A. De Morgan!s rules are: (A U B)f = A' (1 B'; 

(A fl B)' = At U B! . Associative rules are: A U (B U C) = (A U B) U C; 

A fl (B fl C) = (A fl B) (1 C. Distributive rules are: A U (B f| C) = 

(A u B) n ( A u c); A n ( B u c) = (A n B) u ( A n C). 



APPENDIX D 

METHOD OF EVALUATION OF THE SAMPLE 

Analysis and Interpretation of Discovered Preferences 

It is generally "unnecessary to discount bias in an available 

sample (Anderson and Zelditch, 1968); it is only when findings are to 

be applied to a broad population that more complex experimental designs 

are required to nullify uncontrolled factors (Best, 1970). The non-

parametric nature of the 12-book sample has already been established, 

and the need to confine the hypothesis to the sample has been 

sufficiently expressed. Nevertheless, it is useful in a content 

analysis study to take every precaution to insure that cases selected 

for analysis are selected for their content and not for some other 

less relevant reasons. 

With this in mind, data were tabulated on IT variables to 

determine if factors common to all 12 books could be obtained which 

would point to outside influences in the selection of the sample. Some 

of these variables may appear obscure in the applicability to the 

problem, but it was thought that all have some relevance concerning 

the description of book literature; hence, they are all potential 

determinants for affecting the decision to select a book. 

Two classes of variables were considered: (a) those items 

relevant to the descriptions of the books and (b) those variables 

which described characteristics of the authors. In the first variable 

26k 
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class, 11 data groups were investigated. They were the date of 

origin of the work, its reprint or subsequent edition status, its 

translation status, subject listing in the Library of Congress, the 

original place of publication, and current availability status, 

plus items relating to the construction of the book to include the 

number of pages, type of illustrations, the book's presentation as 

a single or multiple volume work, the presence or absence of a 

reference list or bibliography, and whether the word "color" appeared 

in the title of the book. 

The second data examination, that of characteristics of the 

authors of the 12 books, included the survey of an additional six 

items. They were the nationality of the author, his profession, age 

at the time of publication of the work, and his age at death plus the 

sex of the author and his level of education. Where a commonality of 

descriptions was found to exist among the 12 books, additional 

attention was given to it to assess its potential as a co-determining 

factor in the selection of the sample. 

A Survey of Book and Author Descriptors 

Identical descriptors for all 12 books were found in three of 

the IT total items surveyed; viz1, all 12 were reprinted or reissued 

in editions under renewed copyrights, all were currently in print and 

available, and all were written by male authors. The "reprint" and 

"in-print" status were indicative of the value of these works. Their 

significance in the problem seemed less a factor of sample selection 

than simply being a confirmation of the sampling conclusion which 

produced the 12 books. Meanwhile, whether the fact that all the 
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authors were men persuaded the sampling outcome was a question which 

pointed to a socio-cultural problem which went "beyond this study. 

It was possible that such bias could occur; but, given the generally 

high educational preparations assumed to exist in the sampling popu-

lation, it was not probable. 

Nine of the books were published as single volume editions, the 

norm in book publication. Eight works had the word "color" in the 

title; again, in a study about color, this could not be considered 

unique. Nor, was it necessarily a pertinent factor that eight of the 

books were indexed in the Library of Congress under the subject 

heading of color. (The rest of the sample was subject organized 

under art-psychology, optics, aesthetics, and painting*) 

Therefore, of the IT variables surveyed, six had a better than 

0.50 agreement in the sample. However, none of the six variables 

was seriously considered as having contributed to the sample selection 

process. Some minor consideration was given to the bias of sex of the 

author. Levels of agreement on the remaining 11 items surveyed were 

found to be 0.50 or less in all cases. All 12 books were published 

before 1965, but 10 of the 12 were originally copyrighted before 1955; 

and, of these, six were issued prior to 1925, including three dating 

to l8T5 or before. Therefore, there was no substantial agreement in 

the sample regarding original copyright date. Half of the works were 

originally published in English; half were not. Of the six non-English 

titles, all had been translated—a point also taken to be an indication 

of the content value of the 12 books and not as a contributor to any 

bias in the sample. Six books contained reference lists or 
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"bibliographies, and six did not. All of the books were illustrated 

but in different ways ranging from mostly black and white illustra-

tion (five books) to a combination of color and black and white (six 

books) to mostly color (one book). The 12 works varied in length 

from less than 100 pages of text to books with more than kOO pages. 

In seven cases there was an inverse relationship in the number of 

pages, whereby three works had fewer than 100 pages while four 

contained more than U00 pages of text. Clearly, in this sample, the 

length of the book had no bearing on its significance to the field. 

It was observed that 5 of the 12 books were published in 

Germany, 6 in the United States, and 1 each in France and England, 

with 2 others having international publication or simultaneous 

release in 2 or more countries. Nationalistic bias was conceivably 

a problem in the sample selection. Most authors tend to reference 

works in their own native language; however, without substantially 

more information about the sources contributing to the sample, the 

importance of this variable could not be accurately ascertained. 

Moreover, the evidence that such influences occurred in this sample 

was not compelling enough to warrant a wider investigation, particu-

larly since it was also found that the nationalities of the authors 

of the 12 books did not conform closely with the place of publication 

of the books. Nationalities of the authors included American, German, 

French, English, Swiss, and Russian. 

There was no agreement in the sample concerning the professions 

of the authors. It was found that six were teachers„ three were 

scientists, and each of the others was either a writer, artist, or 
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psychologist. Their formal educations ranged from high school equiva-

lencies to PhD. Three held bachelor's degrees, four had completed 

doctorates, two had lav degrees, one was a medical doctor, and one had 

obtained an art academy diploma. 

All 12 books were written after the author was 35 years old; 

but of the 12, ten were completed when the author had passed his UOth 

year, and eight of these were written after age U5« Half of the works 

came after age 50. Three of these were not published until the author's 

60th birthday, and two of the three were published after age 65. The 

writing of a significant book on color, at least in this sample, was 

not an early lifetime experience. Meanwhile, of the 12 authors, all 

but two lived to be 70 plus years old; one died at the age of 101. 

Two were still living. 

The analysis of the data profiles of the 12-book sample failed 

to show conclusively any agreement among selected variables which would 

indicate a bias strong enough to compete with content as the principle 

selection criterion. Some possible influence was detected in the 

areas of author sex and nationality; however, this, too, was regarded 

as highly improbably and not likely to dilute the importance of the 

content variable. 

From the data profiles, it was possible to construct a descrip-

tion of the average book in the sample, and of its author. The 

average book was written between 1926 and 19^0; it contained from 

250-300 pages; had both color and black and white illustrations; was 

subject headed in the Library of Congress under color; was written as 

a single volume;and had since been edited or republished. The book 
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may or may not have had a bibliography; and, if not originally 

published in English, it had been translated. Meanwhile, the average 

author in this sample held a master's degree or its equivalent; was 

a male teacher or educator; was about 50 years old when he wrote his 

book; and lived to be 80-90 years old. He was either German or 

American. 

No statistical treatment was applied to these data groups beyond 

simple cross tabulation relationships. It had already been established 

that the nonparametric nature of the sample limited the need for 

extensive analysis of variance procedures and other applications of 

regression formulas which might normally be used to predict outcomes 

in the general population. Moreover, no effort to link the several 

variables to each other was made since such an investigation was removed 

from the present study, although further work in this area may be useful 

to future types of related research. 

Evaluation of Strength of Preference 

The lack of contamination of the sample from selection bias was 

further augmented by testing the relative strength of each book in the 

sample; that is, assuming that each case was purposely selected for 

its content, how strong was its choice, and were there mitigating 

factors, aside from those already considered, which would have influ-

enced preference within the sample? 

The data gathering processes used with the three sample sources 

enabled raw score computations to be made which were interpreted as 

indicators of preference for one book over another in the sample. 
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Thus, the 12-book sample was easily rank ordered -within each sample 

source and a composite score of all three sources was figured for each 

book in the sample. The purpose for this was to show that results of 

the content analysis of the sample could be weighted in favor of 

preferred cases, making it possible to accommodate a more strict 

interpretation of the data analyzed. 

Table 0 shows that the preference of the combined sources of 

bibliographies, experts, and Buckley and Baum was for Goethef s Color 

Theory, followed by HelmholtzTs Optics, and Chevreul*s Principles, 

The composite preference was the sum of scores from the bibliographies, 

which ranked Optics first; the experts, who preferred Color Theory; 

and Buckley and Baum. (Because the Buckley and Baum list represented 

only a simple yes or no_ show of preference, a number of works shared 

the highest ranking in this sample source.) 

Weighting the Data 

The level of acceptance of the strength of a case in the 12-book 

sample depended on the level of agreement between the three sources as 

to how the sample should be ranked, and some further measure of this 

dependability was necessary before arriving at a final ranking of the 

12 cases. The relative strengths of the book in the sample were owed 

to a number of variables, all potentially unequal in their ability to 

affect such measures. Therefore, weighted adjustments were applied 

in an analysis-reanalysis correlation scheme to test the possible 

influence of certain quantitative factors on the ranking of the sample. 

Weighting strategies are common in a study of this type/ Davies and 

Crowder (1933) wrote: 



271 
Table 0 

Relative Strengths in a Sample of 12 Books on Color 

Rank 
Order Author, Short Title 

Biblio- Relative 
graphies Experts Buckley Cumulative 
Scorea Score^ Score0 

(A) (B) (C) 
ScoreL 

(D) 

7 Albers, Interaction 0.33 0 . 
O
J
 

-3-
1 . 00 0 .66 

8 Arnheim, Visual Percept. 0.1+3 0 . 11 1 . 00 0 .58 

3 Chevreul, Principles 0 . 8 l 0 . 1+2 1 . 00 0.8I+ 

1 Goethe, Theory 0.67 1 . 00 1 . 00 

0
 

0
 1—1 

2 Helmholtz, Optics 

O
 

O
 

1—1 0 . 33 1. 00 0 . 8 7 

9 Ittem, Art of Color 0.33 0 . IT 1 . 00 0 .56 

6 Judd, Color in Business 0.52 0 . 33 1 . 00 0 .69 

5 Kandinsky, Spiritual 0.76 0 . 11 1 . 00 0 .70 

k Katz, World of Colour 0.81 0 . 08 1 . 00 0 . 7 1 

12 Munsell, Notation 0.57 0 . 01+ 0 . 

0
 

Lf\
 0.1+2 

10 Pope, Language 0.38 0 . 03 1 . 00 0 . 5 3 

11 Wright, Measurement 0.67 0 . 07 0 . 50 0.1+6 

n 
21 

= Bibliographies relative score, where n = number of references, 

and 21 is the maximum number of references in the sample. 

"k 1 1 1 
( — + — •••+ —)/3 = Experts relative score, where r = ranking 
rl r2 rn 

(see Table 1), and 3 is the maximum score. 

Q 

Assigned values: 0.50 = general reference; 1.00 = special 

reference (*) in Buckley and Ba-um (1975). 

"̂(Column A + Column B + Column C)/2.67, where 2.67 is the maximum 

cumulative score. 
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If it is not possible to obtain strictly comparable 

units throughout the whole of a time series, it may 

be possible to make the data homogeneous by means 

of suitable adjustments . . . . Sometimes very complex 

adjustments may be required in editing the data for 

statistical analysis (p. U-5). 

Four types of weight factors were applied. Factors identified as 

(a) category of preference, (b) publication date, and (c) experts' 

titles were used to adjust the preference scores of the bibliographies 

and the experts. A second set of factors (d) was applied to all three 

sources, including Buckley and Baum. In the first set, independent 

factors were calculated to equalize characteristics unique to the 

individual data sources; i.e., the bibliographies and the experts. 

The second group of factors adjusted the relative sizes of the sample 

populations. A comparison of the effects produced between the weighted 

and unweighted variables was made by processing the data through the 

computer based Statistical Package for the Social Sciences (Nie, Hull, 

Jenkins, Steinbrenner, and Bent, 1975) data analysis system. 

Adjustment for category of reference. The ll6 cases of Buckley 

and Baum (1975), which contained bibliographies, were distributed 

unequally over 22 categories. While assignments to categories by the 

authors appeared to be arbitrary, the range of assignments from a 

single case to Uo could have had varying impact on the outcome of the 

study. The uneven representation by category was assumed to influence 

the number of times a title could be referenced in the ll6 bibliographies; 

e.g., category four, Artists' Concepts, contained ^0 books having 
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bibliographies, each of which would be expected to reference similar 

types of works related to artist's concepts. Category two, Aesthetics, 

on the other hand, contained only two cases; thus, compared to works 

perceived as treating artists' concepts, a book on aesthetics had only 

two chances to be named, against hO for the other category. Table P 

seeks to equalize this condition by using a square root dependability 

factor (Davies and Crowder, 1933): 

(10) / x / / i r 

The square root dependability factor comes from the statistical 

concept which says that dependability increases with the square root 

of the number of items; i.e., a sample of 100 would be twice as 

reliable as 25 (/l00 / /25); or, in the previous case, a sample of 

U0 would "be four and one-half times as dependable as a sample of two. 

In the current use, the term dependability was subsumed by the term 

impact and used to describe the relative weight of the respective 

categories. Factors were computed for each category, then applied as 

adjustments to the cases. Results of the application of the factors 

are summarized in Table Q, column 

Adjustment for date of publication. Similarly, weight factors 

were computed to equalize the potential affect on the sample of the 

variance of publication dates (see Table Q, column A^)- The ll6 

bibliographies taken from Buckley and Baum covered 105 different 

copyright dates, ranging from 1876 to 1972. The median date of 

copyright was 196l; and, of all dated works, U6, or percent, were 

produced during the period from i960 to 1969- Only 11 works 

referenced were copyrighted after 1970. There were also 11 undated. 



Ta"ble P 

Subject Category Weight Factors 

2jb 

Code Category 
No, of 
Titles Factor8, 

1 Color adaptation 2 k.5 

2 Aesthetics 2 h.5 

3 Architecture 1 6.3 

k Artists1 concepts ko 1.0 

5 Decoration 3 3.7 

6 Design 0 None 

7 Discrimination 1 6,3 

8 Easel painting 5 2,8 

9 Education 7 2.k 

10 Form 0 None 

11 Imagery 1 6.3 

12 Harmony 2 

13 Colorimetry 1 6.3 

lU Ideology l6 1.6 

15 Kinetics 0 None 

l6 Palettes 5 2.8 

IT Perception 8 2.2 

18 Psychology 7 2.U 

19 Systems 2 h.5 

20 Theories 8 2.2 

(Continued) 
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Table P-Continued 

Code Category-
No. of 
Titles 

i a Factor 

21 Vision 1+ 3.2 

22 Vocabulary- 1 6.3 

Note, f = AO / v̂n , where n is the number of titles in each 

category, to a maximum of *l0 titles. 

Computations are rounded to one decimal place. 
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Table Q 

Relative Weighted Strengths of 12 Books on Color; Weighted 

by Category of Reference, Publication Date, 

and Number of Titles in Experts Response 

Bibliographies Experts Buckley 

Rank 
Order 

Author 5 
Short Title 

Cate-
gory 
Wtd.a 

(Ax) 

Publi-
cation 
Wtd.b 

( a 2 ) 

No. 
Titles 
Wtd.c 

(B) (C) 

Relative 
Cumulative 
Score 

(D) 

6 Albers, 
Interaction 0.27 0.59 0.1+5 1.00 0.69 

9 Arnheim, 
Visual Perception 0.37 0.56 0.12 1.00 0.59 

3 Chevreul, 
Principles 0.75 0.81 0.32 H

 
O
 

O
 

0.78 

1 Goethe > 
Theory 0.75 0.67 

O
 
O
 

1—1 1 , 00 

O
 

O
 

1—1 

2 Helmholtz 9 
Optics 0.98 1.00 0.33 1 . 00 0.86 

8 Itten, 
Art of Color 0.1*1 0 . 5 3 0.18 1 . 00 0 . 6 1 

5 J udd, 
Color in Business 0.55 0.62 0,36 1 . 00 0.72 

7 Kandinsky, 
Spiritual 0.68 0,76 0.08 1 , 00 0 .66 

k Katz> 
World of Colour 1.00 0 . 8 1 0.09 

O
 
O
 

1—1 0.71+ 

12 Munsell9 
Notation 0.69 0.57 0.02 0.50 0.U2 

10 Pope 9 
Language 0.1+3 0.38 0. 02 1 .00 0.53 

11 Wright 
Measurement 0.7I+ 0.7I+ 0.07 0.50 0.1*8 

(Continued) 
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Table Q-Continued 

A., weighted score = E f/52.1, where f - /^0 / /n if n_ is the a 

number of titles in each category, to a maximum of -̂0 titles (see 

Table P). 52.1 is the maximum weighted score of 12 cases. 

b A2 weighted score = publication date factor from Table R, times 

relative mean strength from column A, Table 0 
f~ f 

, I 
'Column B weighted score 
c — ^ _ (_JL + —— ... + —)/!+.U6l, where r_ = 

rl r2 rn 

experts ranking, f = the factor /13 / /n if n_ is the number of titles 

listed and 13 is the most titles submitted by one expert (cf., Birren); 

f = 1.000 f = 1.6125, f„ .. = 1.6125, fx,. = 1.6125, 
Birren -L-uuu' 1Arnheim Gerritsen Itten 

f = I.6125, f , = 1.U720; and U.U61 is the maximum weighted 
MacAdam ' Roesch 

score of 12 cases. 

d No weight adjustments for Buckley and Baum in this table. 

e i ̂ column A^ + column A^^ 
+.column B + column C 

is the maximum cumulative score. 

/2.71, where 2.71 
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Obviously, texts which were published after a given date stood 

no chance of "being listed in a work published prior to that same 

date. Therefore, square root dependability factors were computed 

relative to the maximum number of opportunities for a work to be 

cited in the ll6 cases constituting the bibliographies population 

(see Table R). In this problem, the maximum number of chances turned 

out to be 10U, meaning that a book published in 1876 was eligible to 

be listed in 10k of 10U cases considered. The 11 missing value cases 

were omitted because of the absence of a publication data. Weighting 

factors were computed by the formula /lO^ / Jri , where 11 was the 

number of chances for a work to be cited according to its publication 

date. Date factors for publication dates from 1876 to 1972 are given 

in Table R. 

It takes approximately three years once a book is published for 

that book to show up in the reference lists of successively published 

texts; cf., Buckley and Baum, copyright of 1975, in which the newest 

copright date found was 1972. This three-year publication lag time 

was incorporated into Table R. The significance of this observation 

should not be overlooked because it means that the restriction of 

this sample source further limited the data population to books 

published before 1972; therefore, such recent works on color as those 

suggested by some of the experts like Frans Gerritsen's Theory and 

Practice of Color, Farbe als Sprache by Albrecht, Einfuhrung in die 

Farbmetrik by Manfred Richter, and Birrenfs Color Perception in Art 

were not included in the sample because they were published after 1972. 

This further limitation of the study was not viewed as being 
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Publication Date Weight Factors 

279 

Date of 
Publication 

Chances 
to be citeda Factor^ 

1876 - 1930 10U 1.0 

1931 - 19^5 95 1.1 

191+6 -1953 78 1.2 

195^ - 1956 66 1.3 

1957 - 1959 57 l.h 

i960 i+7 1.5 

1961 b3 1.6 

1962 38 1.7 

1963 33 1.8 

196^ 29 1.9 

1965 21 2.2 

1966 19 2.3 

1967 11 3.1 

1968 8 3.6 

1969 2 7.2 

1970 - 1972 1C 10.2 

Note. f_ = /10U / /rT , where n_ is the number of chances to be cited, 

to a maximum of 10U chances. 

cL 
Quantities are cumulative and represent actual measurements of the 

116 case population. 

b, 
Computations are rounded to one decimal place. 

^Assigned to eliminate zero factor. 
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problematic. The 1972 cutoff date called attention to the historical 

position of the works in the sample, suggesting a test of longevity 

which more recent books have not yet passed. 

Adjustment for number of titles submitted by experts. Table Q 

also shows a weighted adjustment, column B, for the number of titles 

submitted by each expert in sample source one. Each of six experts 

who were polled submitted from 5 to 13 works for inclusion in the 

content analysis study. To equalize this varied response in the number 

of titles, the square root dependability factor was applied, with the 

rationale that a book on a list of 13 titles had a higher chance of 

selection than one on a list of only five titles; that is, the chance 

for a book in the sample population to be selected was better if 13 

were taken than if only 5 were named. The formula for this adjustment 

was: 

(11) ^1 +
 f_2_ _ _ _ £n 

rl r2 rn 

where r_ = experts ranking, f = the factor /L3 / if n = number of 

titles listed and 13 was the most titles submitted by an expert. The 

adjustment formula was applied to each case in the 12-book sample. 

Adjustment for number of cases in three sampling designs. The 

number of cases in the three sampling populations included 32 cases 

in the population of titles named by the experts, 78 cases in the 

bibliographies population, and 302 cases listed by Buckley and Baum. 

To statistically equalize the population sizes, square root factors 

were computed as 1.00, 0.6k, and 0.33, respectively, and applied to 
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the scores in Table 0 to obtain a composite weighted score for the 

total set of three sampling sources. Results of these further compu-

tations are shown in Table S. When all weighting factors were 

combined, the composite results were as shown in Table T. The 

relative composite score, column D, was the fully adjusted strength 

factor of each book in the 12—book sample. The adjusted scores 

ranged from a maximum of 1.00 to a minimum of 0.35. 

Honparametric Tests of Relationship 

Two tests of correlation were applied to the data to measure 

the strength of relationship betwen the various sample rankings in 

order to ascertain the affect of the weighting processes. The raw 

score method of estimation was used to compute Pearson Product—Moment 

correlation coefficients, and the Spearman Rank Order method of 

analysis was applied to the same variables, only expressed in rank 

order instead of as preference raw scores. 

The Spearman test of relationship was appropriate because a 

relatively small number of scores (12). were being related, and the 

variables were easily expressed in rank order (Best, 1970). The 

conversion of raw score data to rank order is summarized in Table U, 

Applying the Spearman Rank Order formula of; 

(12) p(rho) = 1 - 6 1 1 ) 2 

N(N2-l) 

where £ = the sum of, D = difference between ranks, and N = number of 

paired ranks, the coefficient of correlation between the unweighted 

ranking of the sample and the fully weighted ranking was found to "be 

+0.93* significant at the »001 level (see Table V). This high 
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Table S 

Relative Weighted Strengths of 12 Books on Color; Adjusted 

For Number of Cases in Three Sampling Designs 

Author, Short Title 

Biblio-
graphies 
Scorea 

(A) 

Experts 
Scored 
(B) 

Buckley 
Scorec 

( c ) 

Relative 
Cumulative 
Scores-
CD) 

Albers, Interaction 0.21 0. ,k2 0. 33 0. 55 

Arnheim, Visual Perception 0.28 0. ,11 0. 33 0. Ul 

Chevreul, Principles 0.52 0, ,k2 0. • 33 0. 72 

Goethe, Theory 0.U3 1. .00 0. . 33 1. 00 

Helmholtz, Optics 0.6U 0. .33 0. ,33 0. 7U 

Itten, Art of Color 0 . 2 1 0. • I T 0. .33 0. U o 

Judd, Color in Business 0.33 0. .33 0. ,33 0. 5 6 

Kandinsky, Spiritual in Art 0 . U 9 0. .11 0. .33 0. 53 

Katz, World of Colour 0 . 5 2 0. .08 0. .33 0. 53 

Munsell, Notation 0 . 3 6 0. .oU 0. • 17 0. 32 

Pope, Language 0 . 2 H 0. .03 0. .33 0. 3b 

Wright, Measurement 0 . U 5 0. .07 0. • 17 0. 39 

Relative weight factor = (/302 / /f^)/3.0T = 0.6U 

^Relative weight factor = (/302 / /32 /3.0T = 1.00 

CRelative weight factor = (/302 / /302 /3.07 = 0.33 

"̂(column A + column B = column C)/l.T69 where 1.76 is the maximum 

cumulative score. 
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Table T 

Relative Weighted Strengths of 12 Books on Color; Fully 

Weighted Composite Adjustments, Combining 

Weighting Factors of Table Q and 

Table S 

Author, Short Title 
Bibliographies Experts Buckley 

(B) (C) (A1) (A2) 

Relative 
Cumulative 
Scoreŝ -

Alters, Interaction 0. 17 0. 

00 
oo 0. k5 0. .33 0. 59 

Arnheim, Visual Percept, 0. 2k 0. 36 0, 12 0. .33 0. 1+2 

Chevreul, Principles 0. 1+8 0. 52 0. 32 0. .33 0. 61+ 

Goethe, Theory 0. 1+8 0. 1+3 1. 00 0. .33 1. 00 

Helmholtz, Optics 0. 63 0. 6k 0. 33 0. .33 0. 72 

Itten, Art of Color 0, 2 6 0. 3k 0. 18 0. ,33 0. ̂5 

Judd, Color in Business 0. 35 0. ko 0, 36 0. .33 0. 6o 

Kandinsky, Spiritual 0. k3 0. k9 0. 08 0. .33 0. 1+9 

Katz, World of Colour 0. 6k 0. 52 0. 09 0. . 33 0. 59 

Munsell, Notation 0. kk 0. 37 0. 02 0. • 17 0. 36 

Pope, Language 0. 28 0. 2l+ 0. 02 0. 33 0, 35 

Wright, Measurement 0, 1+7 0. 1+7 0. 07 0. • 17 0. 1+0 

a b c 
Note. Specific notes 9 5 of column explanation are the same as 

in Tables Q and S. 

d 
column A^ + column A^ )• column B + column C /1.79, where 

1.79 is the maximum cumulative score. 
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Table U 

Effects of Weighting on the Order of Rank 

of 12 Books on Color 

Weighted for Wtd. 
Category, Publi- for 

Not cation and No. No. of Fully 
Artist, Short Title Weighted of Titles Cases Wtd. 

Albers, Interaction 7 6 5 5 - 5 

Arnheim, Visual Perception 8 . 5 9 8 9 

Chevreul, Principles 3 2 . 5 3 3 

Goethe, Theory 1 l 1 1 

Helmholt z 9 Opt i c s 2 2 . 5 2 2 

Itten, Art of Color 8 . 5 8 9 8 

Judd, Color in Business 6 5 h h 

Kandinsky, Spiritual 5 T 7 7 

Katz, World of Colour b It 6 5 - 5 

Munsell, Notation 1 2 1 2 1 2 1 1 

Pope, Language 1 0 1 0 1 1 1 2 

Wright, Measurement 1 1 1 1 1 0 1 0 

Note. Tie scores are assigned the mean rank position of the tie 

scores (Best, 1970). 
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Table V 

Coefficients of Correlation of the Effects of Weighting 

on Four Groups of Data Using the Spearman 

Rank Order Method 

Group 

Group 

Bibliographies Experts 
(A) (B) 

Buckley 
( c ) 

Sample 
(D) 

Before Weighting 

Bibliographies 0 . 1 1 (.37) •0.03 (.1+6) 0.6l (.02) 

Experts 0 . 1 1 (.37) 0 . 5 2 (.01+) 0.71+ ( . 0 0 ) 

Buckley -0.03 (.1+6) 0.52 (.01+) - 0 . 6 5 ( . 0 1 ) 

Sample 0.6l (.02) 0.71+ (.00) 0 . 6 5 ( . 0 1 ) -

After Weighting 

Bibliographies 

Category 

Publication 

Experts 

Buckley 

Sample 

0.91 (.00) 0.06 (.1+3) -0.13 (.31+) 0.5*+ (.0*0 

0.92 (.00) 0.3k (.l!+) 0.07 (.1+2) 0.69 (.01) 

0 . 0 0 ( . 5 0 ) 0 . 9 5 ( . 0 0 ) 

-0.03 (.1+6) 0.52 (.0*+) 

0.55 (.03) 0.69 ( . 0 1 ) 

1 . 0 0 ( . 0 0 ) 0 . 6 5 ( . 0 1 ) 

0.1+9 (.05) 0.88 (.00) 0.52 (.01+) 0.93 (.00) 

Note. Levels of significance are shown in parentheses. A general 

criteria for the evaluation of correlation coefficients is given as 

.00 to .20 = negligible; .20 to .k0 = low or slight; .Uo to .60 = 

moderate; .60 to .80= substantial or marked; and ,80 to 1.00 = high 

to very high (Best, 1970, p. 257)-
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correlation factor suggested that the effects of the several weight 

adjustments were all negligible in their influence on the placement 

of the 12 books in the sample. Other high correlation coefficients 

maintained in the three separate - data groups of bibliographies, 

experts, and Buckley and Baum after weights were applied confirmed 

the conclusion that a book was not significantly affected in its 

ranking in the sample by its publication date, category of reference, 

size of its population source, or Whether it was in a large or small 

group of expert preferred titles. Before- and after-weighting 

coefficients of 0.91 and .92 for the bibliographies in category of 

reference and publication date weighting, respectively, and 0.95 for 

the experts, with all three coefficients significant at the .001 level, 

showed that the 12 books were ranked 'about the same after weighting 

as they were before the adjustments were applied. In the case of the 

Buckley and Baum data group, a correlation of 1.00 was produced 

because the weighting factor for the size of the sampling population 

did not affect the rank order of the Buckley and Baum sample. 

It was reasonable to conclude from the Spearman Rank Order 

test that weighting of a case in the sample according to its category 

of reference, its publication date, and its original sample population 

size had no significant affect on its order of preference in the 

sample. Further computations using the Pearson Product-Moment method 

produced corroborating correlation results. Coefficients were 

generally consistent with those from the Spearman test5 with some 

fluctuations in the levels of significance, The correlation of the 
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sample before and after weighting was estimated at 0.9̂ - by the Pearson 

method, at a higher significance level of .0001. The conclusion of 

the previous findings was, therefore, confirmed. 

Most Agreeable Compromise 

The absence of noticeable affect on the sample by selected 

variables heightened the credibility of estimates of the strengths 

of the works selected for the sample as 12 of the more important 

works on color. At the same time, however, the correlation coeffic-

ients also showed that there was little if any agreement between the 

three sample sources as to how the 12 books should be ranked. This 

important discovery was based on correlation factors of 0.11, 0.52, 

and -0.03, which provided, at best, only a moderate agreement between 

the experts and Buckley and Baum (see Table V). The figures were low 

enough to conclude that there was probably no significant relationship 

between the rankings of the three groups of data. This conclusion is 

illustrated in Table W which lists books in order of preference by 

the bibliographies and which differs substantially from the list 

composed from the choices of the experts (cf. Table l). Therefore, 

the composite ranking of the cases in the sample was a compromise of 

the three data groups. The data, however, established it as a good 

compromise. Spearman correlation coefficients of 0.6l, 0.7^5 and 

0.65, all significant at the .02 level or better, indicated a substan-

tial or marked agreement of each data source with the composite ranking, 

(Pearson's r_ gave only moderate agreement to the bibliographies, but 

also estimated a slightly higher relationship for the experts,. The 
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Table W 

Sixteen Books with 12 or More References in a Study 

of ll6 Book Bibliographies Compared with 

Rankings by Color Experts 

Author, Short Title 

Number 
of 

Refer-
ences 

Ranked 
by 

Biblio-
graphies 

Ranked 

Experts 

Helmholtz, Treatise on Physiological Optics 21 1 b.5 

Katz, World of Colour 17 2.5 * 

Chevreul, De la loi (Principles) 17 2.5 2.5 

Kandinsky, Art of Spiritual Harmony 16 k 13 

Rewald, History of Impressionism 15 k * 

Dorival, Les etapes de la peinture lb 7 * 

Goethe, Theory of Colours Ik 7 1 

Wright, Measurement of Colour Ik 7 * 

Evans, Introduction to Color 13 10 * 

Ostwald, Colour Science 13 10 * 

Signac, Neo-Impressionism 13 10 * 

Delacroix, Journal 12 ll+ * 

Denis, Theories 12 lU * 

Goldwater, et at. , Artist on Art 12 Ik % 

Leonardo Da Vinci, Treatise on Painting 12 Ik * 

Munsell, Color Notation 12 Ik * 

Note. (*) indicates books not ranked in the top l6 by the experts, 
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Buckley and Baum correlation was about the same, and levels of 

significance were not substantially changed from the Spearman method.) 

In view of these findings, the relative strengths of the cases, when 

applied in subsequent data analysis should be qualified, and all 

decision-making steps involving the composite ranking should be used 

with some caution. 



APPENDIX E 

GUIDELINES FOR THE REPLICATION OF A CONTENT 
ANALYSIS STUDY OF COLOR HARMONY MEANING 

These instructions are included for use in independent analysis 

by students and professionals in color-related fields for the purpose 

of testing the reliability of a content analysis method as applied to 

a study of the definition of color harmony in color literature. The 

same method also has similar applications to other content analysis 

methods comparable to the color harmony analysis design. By clearly 

and explicitly stating the procedures followed in obtaining the 

research data, an acceptable degree of repeatability can be demon-

strated, thus establishing the potential for replication of the study. 

It is believed that subsequent studies on color harmony meaning 

using the procedures outlined will produce findings similar to those 

evolved in the present study. 

The validity of this study was not ascribed to the validity 

each attribute had for achieving color harmony; it was rather a 

test of the validity of what the content analysis produced in terms 

of color harmony definitions. Validation of a study usually refers 

to whether the research is actually measuring what it purports to 

measure. In this case, the research was a measure of the emphasis 

placed on pre-determined color harmony atrributes by selected authors 

contributing to the literature on the subject. 

290 
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Before beginning the analysis, the user of this guide should 

become familiar with the definitions as applied to the study, as 

well as with the instructions for replication of the study. In the 

decision-making process regarding the applicability of selected 

material to the stated definitions, the reader is cautioned not to 

rule out the possibility that paragraphs may vary in content from 

zero information about color harmony in a paragraph to one filled 

with topical relevance. Overall judgment of the sample should not be 

prejudiced by inflated expectations about the outcome of the analysis. 

Definitions 

The definitions as presented represent the most prevalent 

opinions so far encountered in the literature on the subject of color 

harmony. 

Color harmony. Colors are said to be harmonious if they produce 

a pleasing effect when seen in neighboring areas. Related terms 

include: color unity, color combination, color coordination, color 

order, color organization, color relationship, color scheme, color 

use, color concordance, color arrangement. 

Order. Recognized by some as a "principle" of color harmony, 

order usually refers to color interval as represented by uniformly 

spaced points in a color system; i.e., a plan used in the orderly 

arrangement of object color samples. The term may also refer to any 

combination of colors selected according to any orderly plan that can 

be recognized by the viewer (e.g., several of the neat visual 

sequences commonly known as color schemes—triad, tetrad, complementarya 
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or similar partition of a regular locus made up of equally spaced 

colors. 

Similarity. Any group of colors or groups of color combina-

tions perceived as having something in common—colors which are more 

or less alike; this term is sometimes referred to as the principle 

of similarity. The commonality may he due to a predominant hue, 

value, or saturation. In practice the common aspect of quality may 

"be achieved by adding to each color in a combination a liberal pro-

portion of some one other color. Also, similarity includes any 

attempt to group the various colors in terms of their general 

expressive qualities. 

Association. Association is a social concept of likes and 

dislikes based on the level of sophistication and innate perceptive-

ness of the viewer. Or, it may include a culturally induced 

psychological idea in which color harmony depends on the meaning or 

interpretation of how color is applied to objects in a scene; i.e., 

affective responses are based on traditional color association and 

symbolism. Biases from previous experiences are often used to assess 

the feeling tone of a color arrangement. Frequently called the 

principle of familiarity, the Fauves reversed it by interpreting the 

local color of objects as statements of pure color harmony to achieve 

strong emotional responses to unfamiliar color use. 

Attitude. A condition of color harmony which appeals to the 

intuitive, possibly physiological, response mechanism, attitude is 

generally expressive of the personality of a color or color combination; 

and preferences for such combinations frequently lack any conscious 
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foundation. Sometimes used in psychology to interpret personality 

and similar mood characteristics of individuals, the term is typical 

of the Abstract Expressionists who sought color effects through 

impulse and individual feeling. Its use sometimes denies and rejects 

all formal training. 

Tone. A visually abstractable aspect of color usually intended 

to describe the visual influences of color dimension—hue, saturation, 

value—or similar color appearance attributes, tone is often taken as 

a synonym for the term color itself. It is that quality of color 

produced by a particular combination of physical color characteristics, 

In color harmony, tone is the fundamental attribute determining pre-

ference; but the term is usually narrowly defined and is likely to be 

excessively abstracted in the process of studying color harmony. In 

conjunction with the association attribute, it poses the hypothetical 

condition that harmonious color combinations exist ideally and without 

the requirement of other conditional harmony attributes. 

Area. Intended to be a reference to the dependency of color 

harmony on the amounts of proportions of color used, area may refer 

to the absolute scale of the color areas (in scientific terms, the 

angular size of a chromatic area subtended by the eye). Or, it may 

refer to the relative size of the color field. The ultimate visual 

effectiveness of any color combination is said to be directly related 

to color area. Color scale explains the phenomenon of color change 

due to enlargement when an effective color combination in a small 

scale becomes very unpleasant if magnified. Likewise, relative size 

may be used as a method of overriding all other "principles" of 
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Table X 

Categories and Indicators of Color Harmony Attributes 

Attribute Category Indicator 

Order 

Similarity 

Association 

circular principle, chord, color solid, color 

space, elliptical principle, equal spacing, 

equidistant, interval, locus, organization, 

paths, plan, regular path, ring star concept, 

scales, schemes, score, sequences, single 

surface principle (planes), straight-line 

principle, system, unambiguous, uniformly 

scaled, unity, absolute harmony, 

affinity, analogous, arrangement, attraction, 

clash, color connection, color sets, combina-

tion, commonality, concordance, consistency, 

consonance, constellations, contrast, coordina-

tion, discord, disharmonious, monochromatic, 

mutual, predominance (of hue, etc.), repulsion, 

sameness, approximate harmony, similarity of 

the dominant, similarity of the subordinate, 

structural contradiction, structural inversion, 

subordinate elements, themes, relationship, 

appropriateness, color retention, familiarity, 

local color, memory color, natural color, 

preference, preferred direction, purpose, 

realistic, recognizable, symbolism, taste. 

(Continued) 
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Table X-Continued 

Attribute Category Indicator 

Attitude 

Tone 

Area 

Interaction 

Configuration 

atmosphere, balance, character, climate, cool, 

effect, essence, expression, soul vibration, 

inner need, intuition, mood, rhythm, felt unity, 

brightness, brilliance, broken, chroma, clean-

ness, depth, heavy, hue, insistence, intensity, 

pronouncedness, purity, saturation, shade, 

strength, surface gloss, temper, temperature, 

timbre, tint, transparency, value, warm, "weight, 

angular size, caricature, color measure, dis-

placement, enlargement, extension, magnification, 

miniature, proportion, quantitative, ratio, 

reduction, relative size, scale, harmony of 

attraction. 

adaptation dynamics, appearance modification, 

false color, hue shift, illusion, influence, 

intersection, leveling, outer equalization, 

sharpening, simultaneous contrast, successive 

contrast, visual displacement. 

background, color distance, composition, design, 

direction, form, juxtaposition, orientation, 

placement, proximity, recurrence (extension in 

number), shape, space. 

Note. Terms listed are from literature on color and were used to 

context to describe some facet of color harmony or color use. 
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color harmony (e.g., lighter objects look larger than darker objects 

of the same size; small areas producing a response of high saturation 

will harmonize with large areas producing a response of low saturation), 

Interaction. Basically a physiological phenomenon, interaction 

is dependent on the adaptation qualities of the eye. Interaction 

includes such effects as successive contrast (afterimage), simultan-

eous contrast, or any of several other "false color" characteristics 

attributable to the instability of the visual- process. Such terms 

as optical vibration, advancing and receding colors, and dynamics of 

color are all references to the interaction attribute of color 

harmony. 

Configuration. This term refers to the general overall design 

of the colors—the manipulation of pictorial factors—which modifies 

the interrelationship of colors. Color response may be altered by 

the influence of shape or the proximity of colors to each other which 

affect the fixation points by which color comparisons are made. It 

also considers the concept of color as background. 

Description of Method 

Select the data source to be analyzed from books on color which 

have been written, translated, edited, or otherwise produced under a 

19th and/or 20th century copyright. Enter the title of the work, 

author, translator, and/or editor, publisher, and both the current 

and earliest copyright dates on the work sheet (see Figure M). 

Identify the edition of the book and indicate its last year in print 

in the blank provided on the work sheet. If the work is in print, 
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SERIAL DATE 

RESEARCHER 

PLACE 

SOURCE AUTHOR 

SOURCE TITLE _ 

PUBLISHER 

ORIGINAL COPYRIGHT YEAR 

MOST RECENT COPYRIGHT _ 

TEN PAGE BLOCK 

EDITION 

LAST IN PRINT 

NO. LINES 

Divided by ten equals 

Times 

Average Number of Lines Per Page, 

Total Text Pages Equals Total Lines. 

TARGETED MATERIAL (Chapters or Sections) 

PAGE NOS. 

INDEX ENTRIES: Color: 

Affinity 
Arrangement* 
Balance* 
Combination* 
Composition 
Concordance* 
Coordination* 
Design 
Family 
Harmony* 
Interval 
Juxtaposition *Key Terms 

Order* 
Organization* 
Relationship* 
Scheme* 
Sequence* 
Similarity* 
System 
Tone 
Unity* 
Use* 
Other 

COMMENTS AND UNIQUE ATTRIBUTE INDICATORS: 

Figure M. Content analysis work sheet for a study of color harmony 

meaning. 
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WORK SHEET 

READER DATE 

Paragraph 

Number 

No. Lines Per Attribute Category 

Paragraph 

Number O
r
d
e
r
 

S
i
m
i
l
a
r
i
t
y
 

A
s
s
o
c
i
a
t
i
o
n
 

1 

A
t
t
i
t
u
d
e
 

T
o
n
e
 

A
r
e
a
 

I
n
t
e
r
a
c
t
i
o
n
 

C
o
n
f
i
g
u
r
a
t
i
o
n
 

M
i
s
c
e
l
l
a
n
e
o
u
s
 

O
t
h
e
r
 

T
o
t
a
l
 
H
a
r
m
o
n
y
 
L
i
n
e
s
 

1 
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1 

2 

3 

4 

5 

6 

7 

8 
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Totals 

Figure M. Continued. 
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give the current year. Currency information may be obtained from the 

most recent edition and supplement of Xerox Education Company, Books 

in Print, R. R. Bowker Company, or it may be requested from the 

publisher of the source. 

Determine the approximate number of copy lines in the source by 

first selecting a block of ten pages from the text which appears to 

be representative in format of the majority of the book. Next, count 

the total number of lines of copy on the selected ten pages. Headlines 

and subheads are not counted; however, illustration captions, footnotes, 

and similar descriptive material are included in the line count. The 

total number of lines divided by ten equals the approximate average 

number of copy lines per page. When selecting the block/of ten pages, 

unusually high concentrations of plates, illustrations, and tables 

should be avoided in order not to create an erroneous base for esti-

mating the average number of copy lines per page. 

Determine the number of copy pages in the source. This number 

will be the pages in the book minus the bibliography or reference list, 

index, blocks of plates, preface, etc., which are included in the 

pagination, and similar inclusions which are not part of the main 

copy body of the text. Random illustrations, etc., need not be 

deducted from the page count since they are accounted for in the 

average per page line estimate. When the net page count of the book 

has been determined, multiply it by the average number of lines per 

page to find the total copy lines in the source, and enter this infor-

mation on the work sheet. This data will be used in the computation 

of relative emphasis of color harmony attribute categories in the 

study. 
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The content analysis is conducted "by counting lines of copy 

per paragraph within a chapter or equivalent section unit. To 

select target material for analysis, consult the contents listing 

of the book. The following related terms are suggested in order to 

help in identifying a chapter of information concerning color 

harmony: 

Color Harmony 

RT: Color Arrangement Color Organization 

Color Balance Color Relationship 

Color Combination Color Scheme 

Color Concordance Color Sequence 

Color Coordination Color Unity 

Color Order Color Use 

(See also: harmony, arrangement, balance, combination, etc.) Other 

related terms may be taken as chapter identifiers, too, if they are 

likewise expressive of the synthesis of the attributes of color 

harmony. 

Occasionally color harmony chapters cannot be adequately 

targeted from the contents listing of the source due to some unusual 

or abstruse terminology used by the author. In such cases the index 

should be surveyed to expedite the targeting process. To do this, 

enter the index referenced page numbers on the work sheet opposite 

the respective color harmony or related descriptors. Use as many 

descriptors as are necessary to target the information. The collected 

index page numbers should, by their concentration, show in which 



301 

chapter(s) the "bulk of the information on color harmony is contained. 

Most of the entries will usually he concentrated in one or two 

chapters or sections. Errant entries may be scanned in the text to 

determine if they refer to color harmony or if they are inapplicable 

to the analysis and should be dropped from the target material. An 

errant entry is one not included in the same chapter or section with 

the majority of the other index entries. It may be advantageous to 

use both the contents listing and the index reference methods to refine 

the data targeting process. In the rare event that the color harmony 

chapter(s) cannot be adequately targeted by either the contents or 

index procedure, the whole work would need to be surveyed. A situation 

may develop during the course of the analysis indicating that addi-

tional material should be targeted. For example, one source states: 

"The principles of color harmony as deduced by Pope and set forth in 

the previous chapter are of wide general validity." Obviously, this 

is a clear invitation to analyze the previous chapter, although it was 

not originally targeted by either the contents or index method. 

In the source turn to the targeted chapters or sections and 

number each paragraph in the target text. The work sheet provides up 

to 20 paragraph entries; more than one work sheet tabulation page 

may be necessary in many cases. 

Instructions 

Using the list of attribute indicators set forth in Table X and 

their definitions, analyze each paragraph for its content and enter 

the line count to the nearest whole line in the appropriate attribute 
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category columns of the work sheet. The following should guide the 

analysis of the paragraphs: 

1. Read the paragraph for its stated meaning; then count the 

lines in each sentence or phrase and enter the counts in the appropriate 

columns. Line counts included in the attribute columns should offer a 

clear and understandable logic to the reader as being a reference to a 

color harmony attribute. The lines should be understood to refer to 

two or more colors seen in synthesis—together—and they should be 

clearly concerned with the applied or nonexperimental uses of color. 

Statements not meeting these criteria, which appear to be excessively 

analytical or unrelated to color harmony, are counted and recorded as 

"other" on the line count work sheet. The lines included in the 

content anlaysis are to be limited to non-temporal, spatial effects 

of object colors seen in stabilized lighting. Color changes due to 

movement are not included, and all such references in a book should 

be counted as "other" in this survey. Not covered also are such 

things as color specification of indivudal colors, color matching for 

specification purposes, pigment chemistry, or technical and aesthetic 

changes due to lighting. 

2. The number of copy lines in a statement should be entered 

in one and only one column. 

3. Lines which clearly address the subject of color harmony, 

but which do not fit any of the generic attribute categories provided, 

are to be entered in the "miscellaneous" column. 

Copy line counts included in the attribute columns should 

come from definite affirmative statements about color appearance. 
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Negative comments are counted as "other." Filler lines or phrases 

of copy which are obviously part of the literary form of a paragraph 

"but have nothing to do with color harmony should also "be counted and 

entered in the work sheet column headed "other." 

5. Clear and understandable logic concerning color harmony, as 

mentioned above in paragraph one, in this analysis is based on affir-

mative answers to all of the following questions: (a) Is there a 

statement in the paragraph about color? (b) Can the statement be 

interpreted as being applicable to two or more colored objects or 

surfaces seen together to produce an aesthetic (not just sensory) 

response? (c) Does the staement have meaning which can be attributed 

to a defined aspect of color harmony? 



APPENDIX F 

METHOD OF VALIDATION OF A 
CONTENT ANALYSIS STUDY 

The validity of this study was not ascribed to the validity 

each attribute had for achieving color harmony; It was rather a test 

of the validity of what the content analysis produced in terms of 

color harmony definitions. Validation of a study usually refers to 

whether the research is actually measuring what it purports to 

measure. In this case, the research was a measure of the emphasis 

placed on predetermined color harmony attributes by selected authors 

contributing to the literature on the subject. Methods were used to 

summarize the areas of concern for reliability and validity in four 

places where research error was likely to occur—forming the hypothesis, 

selecting the content, designing the study, and setting the criteria 

for the study. Figure N shows the interrelationship of these four 

elements. 

Testing the content. A procedure was used to measure the valid-

ity of the content analyzed in the research in two areas of concern; 

viz., (a) Did the written word in the form of books published in the 

19th and 20th centuries represent an appropriate knowledge and experi-

ence domain for collecting and assessing different meanings of color 

harmony? and (b) Could different meanings of color harmony be attri-

buted to descriptive terms empirically evolved and categorized from 

the written word? 

30k 
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I »VALIDITY OF HYPOTHESIS ( 

VALIDITY OF CONSTRUCT VALIDITY OF CONSENT 

i 
' VALIDITY OF MEASUREMENT { 1 

Figure N. Validation diagram for a content analysis study. 

Testing the construct. The dependability of the content analysis 

method was reduced to test-retest reliability and interrater correla-

tion factors to see if a measure of color harmony meaning could be 

reliably ascertained from the amount of emphasis placed on empirically 

determined attributes. 

Testing the criterion. A concurrent purpose for development of 

the color harmony model was to ultimately test the validity of the 

different categories both in and out of context with each other. 

However, such empirical research on the validity of the attributes 

themselves was reserved for future research. The content analysis was, 

however, taken as a tacit measure of criterion-related validity 

because the validity of the analysis categories was inextricably tied 

to the reliability of the findings; and the findings, in turn, repre-

sented the aggregate experiences of the sources surveyed by the study. 

By clearly and explicity stating the procedures followed in 

obtaining the research data, an acceptable degree of repeatability was 

demonstrated, thus establishing the potential for replication of the 

study. It was believed that subsequent studies on color harmony 
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meaning, using the procedures outlined, will produce findings similar 

to those evolved toy the analysis of the researcher. 

Empiricism and the hypothesis. It was originally hypothesized 

that (a) the concept of color harmony exists and (t>) the concept of 

color harmony exists under different meanings. The survey of the 

literature provided a reasonable substantiation of hypothesis part 

(a) and, to a large extent, hypothesis (b) also. The content analysis 

pointed to a substantial presence not only of the concept, but of 

agreeable ways to define its several meanings. Therefore, it was 

thought that the hypothesis was not only valid, but that it was 

extremely valid. 

Testing the hypothesis statistically. Technically it was not 

possible to statistically evaluate the normality of the survey results 

due to the use of a purposive sample instead of a randomly generated 

one. The sample upon which a contingency table is based must be a 

probability or random sample (Arkin and Colton, 1970)• Similarly, 

goodness-of-fit tests were not applicable since there were no interval 

class limits associated with the attribute categories of measurement. 

Nevertheless, it was useful to establish theoretical frequencies for 

each of the attributes to provide the basis for a Chi Square (X ) 

computation to see if there was reason to believe that a relationship 

existed between the authors and the color harmony attributes—significant 

real differences of meaning—which random chance would not have predicted. 

When exploring the properties of the normal curve, it is usually 

convenient to put the problem in its null state; i.e., writers on 
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color harmony are not likely to place any special emphasis on specific 

harmony attributes. If the null hypothesis is confirmed, the inde-

pendence of the authors from the attribute categories is confirmed 

and no special relationship exists between the two. On the other 

hand, if the null hypothesis is not confirmed, the association of the 

authors with the categories may be considered above normal. 

2 

The usual outcome of the X test is to infer from sample data 

conditions existing in the larger population. But, while such an 

hypothesis may serve a useful purpose in future studies, it could not 

safely be applied to the results of this study. In other words, the 

relationship between opinions on color harmony and the arbitrary 

attribute categories for obtaining harmony may or may not be the same 

in the general population as in the 12-book sample. Therefore, the 

2 

X test of hypothesis for the 12-book sample was strictly an internal 

test and limited to the sample works as if the 12 works constituted 

the entire population (cf. Winch and Campbell, 1969). ^ the concept 

of statistical inference were abandoned, the validity of applying 

the Chi Square test to the analysis data became consistent with 

accepted uses of the nonparametric X (Best, 1970). 

Chi Square. Table Y shows actual and theoretical frequencies 

of color harmony lines in each of the eight harmony attribute cate-

gories for the 12 books in the sample. Theoretical frequencies were 

calculated using the Arkin and Colton (1970) formula for distributing 

the total for each row in the contingency table in proportion to the 

column totals: 
(13) nrnc 

N 
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Table Y 

Actual and Theoretical Frequencies of Color Harmony Attribute 

Copy Lines in 12 Books on Color 

Attribute Category 

Book Author 
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Judd & Wyszecki 87 
(61) 

57 
(27) 

59 
(24) (21) (42) 

13 
(19) 

34 
(33) 

13 
(36) 

263 

Arnheim 79 
(78) 

52 
(34) 

25 
(30) 

53 
(27) 

16 
(54) 

4 
(24) 

56 
(42) 

51 
(47) 

336 

Albers 16 
(16) (7) 

1 
(6) 

3 
(7) 

3 
(11) 

22 
(5) 

8 
(9) 

17 
(10) 

70 

Itten 161 
(170) 

25 
(74) 

56 
(66) 

77 
(59) 

92 
(117) 

89 
(52) 

128 
(92) 

102 
(101) 

730 

Chevreul 34 
(120) 

109 
(52) 

38 
(46) 

7 
(41) 

127 
(82) 

27 
(36) 

126 
(65) 

45 
(71) 

513 

Munsell 111 
(55) 

11 
(21+) 

20 
(21) 

6 
(19) 

19 
(38) 

45 
(17) 

12 
(30) 

10 
(32) 

234 

Pope 235 
(1^8) 

51 
(64) 

8 
(58) 

50 
(51) 

172 
(102) 

35 
(45) 

28 
(80) 

58 
(88) 

637 

Kandinsky 4 
(33) 

7 
(l4) 

21 
(13) 

19 
(12) 

48 
(23) (10) 

8 
(18) 

36 
(20) 

143 

Helmholtz 
(0) (0) (0) (0) (0) (0) (0) (0) 

-

Wright 
(0) (o) (0) (0) (0) (0) (0) (0) 

-

(Continued) 
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Katz _ 28 8 15 5 107 163 
(ho) (16) (15) (13) (26) (12) (21) (23) 

Goethe 61 29 50 U8 51 5 22 29 295 
(69) (30) (27) (210 (Vr) (21) (37) (i+i) 

T o t a l 788 3bl 306 271 51+3 21+0 U27 1+68 338U 

Note, Due to rounding, theoretical frequencies may not equal actual 

totals. Theoretical frequencies are shown in parentheses in each cell. 
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where = total of the number of harmony lines in the row containing 

the specified cell, n^ = total of the number of harmony lines in the 

column containing the specified cell, and N = total number of observa-

tions in the entire table, or in this case 3,38U. 

The degrees of freedom in the 8 by 12 contingency table were 

computed at 77 using the formula: 

(llA) (r - 1)(c - 1) 

where c = number of columns and r = number of rows. 

It was found that with 77 degrees of freedom, the calculated 

2 2 
value of X considerably exceeded the tabular value X aQQ; therefore, 

the probability that the difference between the observed and theoreti-

cal frequencies was due to random chance was less than .001. The 

rejection of the null hypothesis was tenable, and the original 

hypothesis was probably valid; that is, authors on color did emphasize 

certain color harmony attributes which included a number of potentially 

different meanings for the term but which may or may not be uniquely 

associated with the 12 books in the sample. 

Testing the content. Content validity refers to the relevance 

of a research method to the problem being studied; i.e., the appro-

priateness of the tasks outlined to the performance of knowledge domain 

being investigated. It is largely a nonstatistical validity determined 

by the strength and logic of definitions. In practice, content 

validity is often based on concensus of agreement about definitions 

and research objectives. These assumptions are then presented in 

such a way that the research may be clearly interpreted relative to 
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the sources of Its definitions and objectives. In other words, 

definitions of the performance domain and the objectives of the 

research, along with the method and rationale of sampling content, 

are normally sufficient to justify claims of content validity. In 

the present study, three different sets of data were taken as evi-

dence of the thoroughness and care with which objectives and 

definitions were determined and the appropriateness with which items 

representative of the performance domain of color harmony were 

selected. 

The previous Chi Square analysis of the hypothesis aided in 

confirming the color harmony attribute categories of information for 

the study of color harmony. The evidence was good that the selected 

categories were those on which writers, at least in the books 

surveyed, depended for the meaning of color harmony. The ability of 

the eight categories selected to contain the various applied meanings 

in the literature was indicated by a very low number of lines of copy— 

less than 1 percent of the total—which did not fit at least one of 

the eight definitions included. The evenness of the tabulated data 

across the categories would also seem to strengthen the validity of 

the content categories. They were, at the same time, exclusive of 

each other in their definitions and inclusive of virtually all of the 

meanings for color harmony which were encountered in the literature, a 

key requirement of a valid content analysis design (Berelson, 1952). 

Meanwhile, empirical evidence of content validity existed In 

the care with which the eight categories and their definitions were 
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developed from the pilot study to the final content analysis. Table Z 

traces the evolution of the categories. The thoroughness of this 

process may be appreciated by comparing the list of related terms— 

indicators—in the pilot study with that of the final study Gsee 

.Table 5 and Table E). 

Further empirical evidence of the validity of the eight color 

harmony attributes existed in the literature on harmony. Pope (.19̂ -9) 

took all eight definitions into consideration. He referred to order 

as "the order of absolute harmony;" similarity, second of the eight 

attributes in the study, was "relative or approximate harmony" in 

Pope's language, but obviously the same apparent meaning as similarity. 

Likewise, attitude was equated with "emotional significance" of color. 

Pope wrote at length about association, although he generally treated 

it negatively and discredited its use as a legitimate color concern. 

Tone he referred to as "tone attraction;" area was "harmony of 

attraction," a term which Pope also used to describe the phenomena of 

interaction of color and configuration. Pope used a different vocabu-

lary, but the meanings he ascribed to color harmony are basically 

those covered by the eight attributes in the study. 

Evans (19^8), who considered the principles of color harmony set 

forth by Pope to be of "wide general validity" (p. 318), was perhaps 

the first to see eight categories of affective color use although he 

never reduced his efforts to simple category definitions. Such terms 

as felt unity, predominance of hue, relationship of colors, relative 

area, color mood, color attraction, and appropriateness, however, used 
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Table Z 

Development of Categories In a Content Analysis 

Study of Color Harmony Meaning 

Attribute Categories 

Pilot Study Second State Third State 

Color System 

Color Interval' 

Color Family 

Color Affinity 

Color Intuition 

Color Appropriateness 

Order-

Relationship -

Appropriateness -

Order 

-> Similarity 

Association 

Character• -> Attitude 

Color Area 

Angular Size 

Relative Size of Color-

Dynamics 

Color Juxtaposition 

Color Proximity and 

Configuration' 

Color Tone-

Area-

•Adaptation Dynamics 

patial Arrangement -

—>Tone 

Area 

-> Interaction 

->• Configuration 
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by Evans have a definite commonality -with the categories contained 

in the present study. Ostwaldfs "harmony = order" statement 

(Jacobson, I9H8), Judd and Wyszecki!s (1975) "principle III" (govern-

ing the similarity of colors), also their principle of familiarity, 

and KandinskyTs (1977) intuitive principle of "inner need," all 

contributed to the process of setting the content for the study. It 

•was concluded that the content categories of order, similarity, 

association, attitude, tone, area, interaction, and configuration 

represented a valid set of definitive terms by -which to guide the 

placement of emphasis on color harmony meaning. 

Testing the construct. The question of reliability was sub-

divided and applied in the following ways: (a) Can the research 

method register color harmony meaning? (b) Can meanings be assigned 

to categories? and, (c) Can a measure of emphasis of meaning be 

obtained in the assignments? When all analysis factors of reliability 

were brought together in an overall appraisal of the research method, 

they focused on the single point that either the method was a sound 

research plan or it wras not. 

Three hundred paragraphs were randomly selected from the 3,38U 

paragraphs targeted for analysis in the full study and examined by 

four readers to test the level to which the content analysis method, 

when applied by individuals of different backgrounds and interests, 

fulfilled the reliability questions. The four applications included 

a re-analysis by the writer for the purpose of examining the repeata-

bility of the method longitudinally. Findings were analyzed to obtain 
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measures of association among the readers and between the readers and 

the outcome of the full study. 

Sample size for the reliability exercise "was based on confidence 

limits of .95 that the true mean of the study would lie no further 

from the mean of the sample than +0.2, approximately. Rickmers and 

Todd (1967) gave a formula for the determination of the sample size 

to meet these confidence limits: 

(15) 

t t)
2 

where ri is the number of cases in the sample; s_ is the standard devia-

tion of the original study; and d_ is the distance of the sample mean 

from the true mean. The factor, ̂ a/2
 5 w a s ^oun(^ to be equivalent to 

1 - . 95 

1 - — 2 ~ - 1 , or .9750. The t_ value for .9750 was calculated to be 

I.96 (Rickmers and Todd, 19679 p. 552). From Table AA the standard 

deviation of the study was found to be 1.79- Solving for equation (15): 
2 n = 1 .96 (-±zl-\ 

\.2027 / 

n = 299*6, the interger 300. 

The confidence limits of .95 predicted a sample mean of from 2.29 to 

2.69; i.e., the original mean of 2.^9 ±_ 0.20. The option for a 

confidence limit of .95 was a compromise on a mean difference greater 

than .20. (As confidence limits go up, the mean difference also 

increases when the sample size is held constant.) 

Paragraphs were analyzed using the method outlined in Appendix E, 

Replication. No additional instructions were provided to the readers 
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Frequency of Color Harmony Lines in 12 Books on Color 

Book Author 
Harmony 
Lines 

Mean Lines 
Paragraphs per Paragraph D D2 

Judd & Wyszecki 263 6l U.31 1 . 8 3.21+ 

Arnheim 336 ikk 2.33 - 0 . 2 .01+ 

ATbers 70 1+7 1.1+9 - 1 . 0 1 . 0 0 

Itten 730 363 2 . 0 1 -0.5 . 25 

Chevreul 513 7^ 6.93 1+.1+ 1 9 . 3 6 

Munsell 23b 117 2 . 0 0 -0.5 . 25 

Pope 637 1U0 ^•55 2 . 1 l+.l+l 

Kandinsky 1U3 122 1.17 -1.3 1 . 6 9 

Helmholtz - - - - -

Wright - - - - -

Katz 163 Ill 1.1+7 - 1 . 0 1.00 

Goethe 295 180 1.61+ -0.9 . 8 1 

Totals 3,38U 1,359 32 .05 

Mean 282 113 2.1+9 3 .205 

Descriptive Statistics:a N = 10; M = 2.1+9; Variance = 3 .205; s = 1 . 7 9 0 

£L 
Descriptive statistics do not include Helmholtz and Wright. 
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concerning the study. The first reading was a longitudinal re-analysis 

of the sample to ascertain the level of agreement in one reader after 

a suitable length of time "between readings—in this case, two months 

to four years. Headers two, three, and four, meanwhile, were not 

familiar with the study or its method and addressed the content analy-

sis exercise from different types and levels of color interest. 

Reader two was an artist and former art gallery director. As a 

successful painter, her background included practical experience with 

color. Reader three had no formal art training. A professor of history, 

his approach to the analysis was primarily one of scholarship based 

on a higher than average interest in art and color. Reader four was 

an artist and teacher of art holding degrees at the master of arts 

and master of fine arts levels. Her previous work included both 

academic and practical experience with color. Inasmuch as the test 

of the reliability of the research had consequences for the validity 

of the whole study, the findings were detailed and closely examined. 

A T-Test of the tabulated results produced sample means for the 

four readers of 2.11, 3.73, U.13, and U.^8 lines of color harmony per 

paragraph. With the exception of the re-analysis mean of 2.11, means 

were above the 2.69 mean prescribed by the .95 confidence limits of 

the 300 paragraph selection process. Since the true mean of the 

sample was known to be 2.71, it can be concluded that the random 

selection method identified paragraphs in the population which were 

generally higher than average in color harmony content. 

In addition to Studnet1s T, four kinds of statistical methods 

were applied to the data obtained from the sample to compute measures 
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of association among the reader subjects. They were Pearson!s :r,: 

Spearman's rho, Kendall!s tau, and the cross tabulation statistic, 

gamma. Results of the Pearson procedure are shown in Table BB; the 

Spearman outcome is given in Table CC; and gamma correlations are 

shown in Table DD. 

The relatively low correlation coefficients of the Pearson and 

Spearman methods were below what would normally be anticipated in a 

good reliability study. The immediate conclusion based on these 

figures pronounced the content analysis design to be limited in its 

usefulness to generally discriminate in a consistent way between 

various types of color harmony meaning; and such a conclusion, based 

on the statistical evidence of the Pearson and Spearman procedures, 

could not be ruled out entirely. However, it was also found that 

other possible interpretations of the statistical results contradicted 

the low reliability claims and that the correlation factors, under 

the circumstances, were actually very acceptable. As Best (1970) 

has pointed out: 

Statistics is the servant, not the master, of 

logic; a means, not an end, of research. Unless 

basic assumptions are valid, unless the right 

data are carefully gathered, recorded, and tabu-

lated, and unless the analysis and interpretation 

are logical, statistics can make no contribution 

in the search for truth (p. 259). 

Moreover, the consideration of a high coefficient of correlation useful 

and a low coefficient less useful is not always warranted. Guilford 
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Table BB 

Pearson Correlation Coefficients for a Reliability 

Study of 300 Random Paragraphs on Color 

Correlation Coefficient 

Reader Original Reader 1 Reader 2 Reader 3 Reader k 

Original Study - .63** .38** .33** .5^** 

Reader 1 
(Reanalysis) 

.63** - .35** .Uo** .37** 

Reader 2 
(Artist-Director) 

. 38** .35** - .52** .70** 

Reader 3 
(History Professor) 

.33** .Uo** . 52** - .U5** 

Reader h 
(Artist-Teacher) 

. 5U** .37** .70** .1*5** -

Average Correlation .UT** .UU** .^9** #]i3** .52** 

**£ < .001. 
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Table CC 

Spearman Correlation Coefficients for a Reliability 

Study of 300 Random Paragraphs on Color 

Correlation Coefficient 

Reader Original Reader 1 Reader 2 Reader 3 Reader 1+ 

Original Study - • TU** .1+5** .1+2** .50** 

Reader 1 
(Reanalysis) 

.7^** - .1+8** .1+7** .1+5** 

Reader 2 
(Artist-Director) 

.1+5** .1+8** - .60** .61+** 

Reader 3 
(History Professor) 

.1*2** .14?** .60** - .55** 

Reader h 
(Artist-Teacher) 

.50** . 1+5** .61+** ,55** -

Average Correlation .53** .5^** .51+** . 51** .51+** 

** 
£_ < .001. 
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Sumjnary of Cross Tabulations of Five Data Sets in Eight Color 

Harmony Attributes for a Content Analysis of 

300 Random Paragraphs on Color 
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Color Harmony 
Lines: 

No: 000 
Yes: 00 
Disputed: (00) 

Reader 

Attribute Category 
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263 290 
31 10 
(36) (16) 

258 290 
1+2 10 
(38) (15) 

257 289 
1+3 11 
(35) ( lH) 
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(39) (18) 

279 287 
21 13 
(39) (15) 

261 289 
39 11 
(37) (16) 
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278 
22 
(31) 

282 
IS 
(18) 

287 
13 
(22) 

271 
29 
(31) 

281 
20 
(21+) 

296 
1+ 

(27) 

276 
2k 

(19) 

282 
18 
(19) 

277 
23 
(28) 

283 
18 
(22) 

287 
13 
(29) 

289 
11 
(16) 

28l 
19 
(22) 

270 
30 
(35) 

283 
18 
(23) 

270 
30 
(31) 

281+ 
1.6 

(16) 

270 
30 
(23) 

289 
11 
(26) 

278 
22 
(23) 

261 
39 
(35) 

289 
11 

(16) 

272 
28 
(21) 

276 
21+ 

C29) 

281 
20 

(21+) 

278 
22 

1 (31) 

281+ 
16 

(17) 

278 
22 
(21) 

277 
23 
(30) 

281 
19 
(23) 

.77 .95 .93 .81+ .86 

Original Study 

Reader 1 
(Reanalysis) 

Reader 2 
(Artist-Director) 

Reader 3 
(History Professor. 

Reader k 
Artist-Teacher) 

Average 

Gamma Mean 

285 
15 

293 
7 

295 
5 

290 
10 

296 
k 

292 
8 

287 
13 

285 
15 

290 
10 

288 
12 

281 
19 

286 
ih 

.9b .73 
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wrote in 1965*. 

A correlation is always relative to the situation 

under which it is obtained, and its size does not 

represent any absolute natural fact Always 

the coefficient of correlation is purely relative 

to the circumstances under which it was obtained 

and should be interpreted in the light of those 

circumstances, very rarely, certainly, in any 

absolute sense . . . . Even very small correlations, 

if statistically significant . . . are often very 

indicative of a psychological law. Whenever a re-

lationship between two variables is established 

beyond reasonable doubt, the fact that the correla-

tion coefficient is small may merely mean that the 

measurement situation is contaminated by some 

factor(s) uncontrolled or held constant (p. 105). 

Therefore, there was encouragement to look beyond the low coefficients 

of correlation and into reasons which would explain them. 

It was hypothesized that different readers would be able to cate-

gorize lines of color harmony data into several classes of color harmony 

attributes. Under scrutiny, however, the number of possibilities for 

error in such a problem were staggering. A combination of the varia-

bles of data sets (readers), classes of categorization, and material 

to be categorized produced a probability factors of 6.67 x 10 that 

the same line of copy would be interpreted exactly the same by all 
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readers. When this factor was raised to a power sufficient to 

realize the classification of all 300 paragraphs in the sample, the 

random probability of such an event was roughly equivalent to impos-

sibility. Therefore, when statisticians say that as a coefficient 

of correlation approaches zero the predictive power approaches pure 

chance (Best, 1970), it was, in this case, an approach to impossibility; 

thus, the correlation coefficient was, in a sense, a statement of the 

magnitude to which a reader was able to respond to an impossible 

assignment in which any correlation above zero had meaning. 

At the same time, the human element was thought to have contri-

buted to the outcome of the test. The different backgrounds and 

characteristics of the readers, when combined with the unique defini-

tions and methods of the study; i.e., unfamiliar categories and large 

quantities of paragraph information taken out of context, worked to 

add to the hardship of the readers. Such conditions obviously must 

be considered: 

In the behavioral sciences, human traits, charac-

teristics, or behaviors do not correlate perfectly 

with any others. The fact that human beings do 

not display consistent behavior explains the less-

than-perfect coefficients of correlation (Best, 1970, 

p. 255). 

The data from three of the four readers showed a marked tendency to be 

overestimated, while the re-analysis reader underestimated. While it 

could not be incontrovertibly stated that this difference was a result 
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of "bias in "the readers, i"t was logical to assume that it was. Readers, 

when asked to evaluate a body of material for its content related to 

color harmony meaning and when given detailed instructions on how to 

carry out such an assignment, could "be expected to anticipate a more 

substantial treatment of color harmony meaning than was in fact en-

countered in the study. It would "be wholly inconsistent with human 

nature not to find data when instructed to find it. Yet, there was 

no acceptable way of informing the readers "beforehand that the data 

obtained on harmony would be limited relative to other lines of copy 

in the sample, without endangering a bias of the results in the down 

direction. At the same time, the re-analysis reader knew of the 

limitations of the data, which probably accounted for his under-

estimation of the sample. The potential problem of inconsistency in 

the line counts was first detected in the Pearson r_ and Spearman rho 

findings. For example, Spearman rho was higher than Pearson r_ for 

the same sample (cf. Tables BB and CC). This was the reverse of the 

normal state of affairs for comparison of these two methods. On the 

average, r_ is usually higher than rho (Guilford, 1965). This 

suggested that when the amount of change in the variables was deleted 

from the analysis under the Spearman method variations in ranking of 

the sample were more nearly the same. 

The impact of the line count exaggeration—both overestimation 

and underestimation—was further investigated by use of the SPSS Cross 

Tabulation procedure (Nie, et at., 1975). Data were recoded to 

eliminate the line count variable. Line counts for each harmony 
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attribute were converted to simple yes or no responses, signaling 

that a paragraph either contained information on a color attribute 

or it did not with no indication given of the number of lines in the 

paragraph nor its relative rank in the sample. In this way it was 

possible to test the ability of the readers to categorize information 

into various attribute categories while disregarding the line counts. 

A typical cross tabulation table used for this purpose is reproduced 

in Figure 0. Tables were computed for each variable pair by attribute 

category. 

It was found that when line counts were controlled, the relation-

ship between readers was extremely high (see Table CC). The average 

gamma coefficient of correlation for the reliability exercise was 

calculated at .86, based on a simple arithmetic average of the 

correlations In all the cross tabulation tables (Guilford, 1965). 

As an alternative to other measures of association, the value 

of gamma can be taken as an indication of the level of connection 

between two variables. Gamma makes no adjustments for either ties or 

table size. It is simply the number of concordant pairs minus the 

number of discordant pairs divided by the total number of united 

pairs (Nie, et al.9 1975)• 

The discrepancy between the high gamma values and the moderate 

to low Pearson r_ and Spearman rho values was believed to be due to 

the characteristics of the data which were 9̂- percent zero values on 

the average; hence, at least 9*+ percent tie scores. The use of the 

Spearman or Pearson methods to distinguish meaningful rankings for such 

a high incidence of tie scores was considered questionable. 
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Reader hi History Professor 
Count 
Row % Paragraphs Paragraphs 

Column % Without With Row-
Total % Harmony Lines Harmony Lines Total 

Reader 3: Artist- 2^3 5 2U8 
Teacher 98.0 2 . 0 82 .7 

87.1 23 .8 
Without Harmony 81.0 1.7 

36 16 52 
69.2 30 .8 1 7 . 3 
12.9 76.2 

With Harmony Lines 12 .0 5-3 

Column Total 279 21 300 
93.0 7.0 100.0 

Gamma = 0.91150 

Figure 0. Computer originated table of a typical cross tabulation 

of paragraphs in. the color harmony order-attribute category by two 

readers in a content analysis of 300 paragraphs on color. 
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Kendall*s tau, another statistic for showing measures of rela-

tionship, specifically takes tie scores into account and was used to 

show the affect of such scores on the statistical outcome; that is, 

to reinforce the preference for the gamma coefficient of correlation 

over the lower Pearson r_ and Spearman rho figures. For example, in 

the case shown in Figure 0 the gamma correlation coefficient of .91 

was matched for the same pairing by a tau of .k3 and r_ of .38. 

Inasmuch as Kendall's tau is a measure "between two ordinal variables, 

it was believed that its close approximation to Pearson r_ was a good 

indication that the interval quantity factor, on which ir partially 

depends, was not able to be sufficiently weighted, probably because 

of the zero data. 

Meanwhile, the cross tabulation procedure showed that appoxi-

mately 6.b percent of the 300 paragraphs analyzed contained information 

on color harmony. This proved to be within 0.6 percent of the final 

outcome of the study. The agreement among the readers on this point 

was extraordinarily good (cf. Table CC). The rank order of emphasis 

for each attribute detected by the cross tabulation method was found 

to be order, configuration, tone, interaction, area, attitude, 

similarity, and association—a ranking which was also in substantial 

agreement with the final data tabulation of the study. High 

predictive power notwithstanding, the cross tabulation method was not 

without its discordancy. Table CC shows that, on the average, 

23 paragraphs, or J.6 percent of the sample, were in dispute. This 

did not mean, however, that all paragraphs containing harmony lines 
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were in discordant columns. An examination of Figure 0, for instance, 

showed that of the 300 paragraphs, readers three and four—history-

professor and artist/teacher—were in complete agreement on 259, or 

86 percent, of the paragraphs analyzed for the order attribute cate-

gory. In 36 cases lines were attributed to the order category by 

reader three but not by reader four; and five times reader four 

found references to order in the paragraphs not identified by reader 

three. 

The difficulty in maintaining the categories for the study 

should not be overlooked since the categories are the basis for the 

construct of content analysis research. The results of the reliability 

test did show that there was a tendency among the readers to confuse 

order and similarity, which suggested that the distinction between 

these two definitions was perhaps not definite enough. There was 

also some confusion about what should be defined as "tone'' in the 

sample paragraphs. When tone was controlled as a variable in a 

separate analysis, measures of association were slightly improved but 

not enough to warrant its elimination or radical change as an attri-

bute category. Otherwise, there was no variation found outside the 

design of the attribute categories. 

Summary of the construct test. Statistical procedures normally 

reserved for analysis of this type of problem proved inadequate. 

Student's distribution (T), ordinarily accurate in determining statis-

tical significance in small samples, gave correlation coefficients 

identical to Pearson's r when applied to the 300 paragraph sample. 
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Pearson's r_, meanwhile, failed to produce sufficiently high correla-

tion coefficients, although agreement "between the five sets of data 

were all highly significant at the .0001 level. The relatively low 

r coefficients were "believed to be owed to the high incidence of 

zero-tie-scores in the analysis. Such nonnormal data directly 

affected the linearity of the data comparisons which, in turn, in-

fluenced the Pearson r calculations. Results could probably have been 

improved by applying tests of linearity of regression (Gilford, 1965) 

but no such devices were used. Spearman's rho, usually good for 

nonnormal data situations, proved better than Pearson's r, but 

appeared equally frustrated by the 9^ percent of tie scores in the 

analysis. The zero data had the outside effect of reducing the 

potential for variability in the sample to about 6 percent of the 

total; and, as Guilford (1965) has shown, when variability is limited, 

correlations are systematically lower. 

Gamma, coefficients of correlation showed that the research 

method can register color harmony meaning in attribute categories. 

The level of agreement among the five sets of data on this point was 

exceptionally good at .86. The use of the research design to demon-

strate a measure of attribute emphasis through data line counts was 

less certain. Readers generally overestimated the number of color 

harmony lines. This finding was thought to be due to human nature to 

exaggerate in comparative analysis and to the overall difficulty of 

assigning meaning to paragraphs taken out of context, plus an unfamil-

iarity with the research material. Therefore, the use of the content 

analysis method to accurately measure the strength of each attribute 
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in the sample was uncertain, partly because of the human factor and 

partly due to potential sampling error. 

The predictive affect of the line count variation on the outcome 

of the study could not be accurately determined; however, it "was not 

believed to be particularly troublesome because the final analysis of 

the study used the Spearman Rank Order method, a procedure known for 

its insensitivity to amounts of change in a variable. Moreover, all 

readers were in strong agreement in predicting the outcome of the 

study by the cross tabulation method which also ignores interval 

records. 

Finally, the dependence of a content analysis study on the 

reliability of its method is of singular importance. The outcome of 

such research is keyed to the success or failure of its method, perhaps 

more than to problems of sampling, data analysis, or interpretation 

of results; therefore, the fullest discussion of the test of the 

construct were in order. Guilford (1965) wrote: 

In reporting coefficients of correlation, a 

writer should be very careful to state all the 

pertinent conditions that bear upon the size 

of his obtained correlation coefficients, and 

any reader should accept interpretations only 

when the significant circumstances are kept in 

mind (p. 3^1). 

Testing the criterion. The eight color harmony attributes 

formed a valid measure of what the content analysis produced in terms 
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of color harmony definitions. However, they did not necessarily 

represent valid ways of achieving color harmony in practice. Such 

empirical findings on the validity of the attributes as determiners 

of harmony was reserved for future research. Therefore, a test for 

the validity of the criterion of the study could not he strictly 

applied. Nevertheless, the results of the content analysis inferred 

a certain measure of criterion-related soundness since the outcome 

of the survey of the 12 hooks represented the aggregate experiences 

of the authors on affective color use. 



APPENDIX G 

THEORY OF SYNERGISM 

Significance of Synergism 

Synergism as applied to psychology bears a relationship to the 

Gestalt theory of component integration into the whole; however, the 

principles are not the same. Gestalt theory and synergism are two 

distinctly different concepts. 

The dynamic self-distribution of forces and materials, which 

Gestalt psychologists "believe to be essential in neurological and 

psychological functioning (Koehler, 19^7), suggests that response is 

governed by a shift of balance of parts within the whole causing new 

sensory organizations to trigger different interpretations of the 

stimuli. Synergism, on the other hand, is a principle which assumes 

a force, or phenomenon, to be operating in addition to the sensory 

perception of integrated phenomena so as to enhance or enlarge the 

basic perceptual meaning. In a way similar to theological synergism, 

the concept of psychic regeneration is fundamental to psychological 

synergism. Kant (1901) wrote: 

To enable us to go beyond a given conception, in 

an a priori judgment, we have found that something 

is needed, which is not contained in the conception 

. . . . Something . . . connected . . . synthetically. 

(P. 39). 
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333 

Had he recognized the potential of a regenerative force on the sensi-

bilities, Kant could have concluded that the synthetic "something" 

necessary for the perception of a visual phenomenon -was synergism. 

Kant spoke of the "transcendental aesthetic" which he called the 

science of a priori principles of sensibility. He was primarily 

interested in describing the functioning of sensibility and not in 

its evolution. The transcendental aesthetic is dependent on sensa-

tion to objects to set the sensibilities in motion. Meanwhile, 

synergism is responsible for the regeneration of the psyche and 

promotes the evolution of the sensibilities. Synergy describes an 

act of cooperation between the psyche and the perceptual experience 

to visual stimuli and adds the important element of growth of con-

sciouness to the transcendental aesthetic. 

Art is a calculated effort to evolve the sensibilities. 

In the plurality of independently active components, synergy 

exists only between and not of or in the parts (Fuller, 1976). Yet, 

as we perceive the elements of art, for example, in a context of 

wholeness, we are conscious of an indescribable process—something— 

affecting us and know it to be contributing to our being. Art is 

that unexplainable feeling, unique to humanity, which exists apart 

from and greater than any of the separate behaviors of any one 

integral part of knowledge of, or sensory response to, its elements. 

Psychological synergism is not at all synthetic. Just as the 

omniwell-informed humanity does not need to be told what needs to be 

done for the sake of evolution, the artist, someone whose sensibilities 

have evolved substantially, does not need to be told how to create. 
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Synergism is a natural principle, mathematically inherent in the 

Universe (Fuller, 1963) and is essentially a product of spontaniety 

given the presence of the necessary component parts (Fuller, 1976). 

Application of the Theory 

When the theory of synergy was first introduced into the field of 

modern physical science in 1928, new explanations of the integrated 

behavior of nature became possible. It was the synergy concept which 

eventually led, for instance, to the discovery of the tetrahedronal 

configuration of all inorganic structures (Fuller, 1963). 

Since that time other major advances have been made toward the 

understanding of physiological systems. Interestingly enough, however, 

it is not in physics but in the growing attention being paid to non-

physical phenomenon that synergy may prove to be more important. 

Non-plysical, or metaphysical, synergy explains the spiritual elements 

of being better than any previous attempt to understand these often 

contemplated but unknown dimensions. Metaphysical synergy shows that 

the life patterns of existence are not just unique sets of physical 

circumstances, rather are events which embrace much larger realms of 

possibility. 

Concern for the non-physical plane expands human usefulness. 

Nevertheless, those who are involved in the metaphysical are frequently 

regarded as nonconformists, at least, in a technical society. Now, 

however, for the first time since the Middle Ages, there is at hand 

the possibility of rebridging the gap between the sciences and the 

humanities (Applewhite, 1977)- By using the concept and methods of 
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one field to describe the other, the regenerative, harmonic processes 

of the Universe are more completely revealed. Fuller (1975) wrote: 

Synergetics shows that geometry can "be extrap-

olated into life in all its experience phases, 

thus permitting humanity's entry into a new 

era of cosmic awareness (p. 63). 

Metaphysical synergism provides a common language for both spirit and 

matter by integrating geometry and aesthetics in a single conceptual 

system. 

The foundation for metaphysical synergism was laid many years 

ago by Fuller: "We are . . . synergetically forced to conclude that 

all phenomena are metaphysical" (19755 p. xxxi). This has been the 

position of Fuller since 1917; thus, the popular interpretation of 

his work, as he sought to explain the objective behavior of the 

integrated nature of all things, has been generally erroneous in 

most camps which tended to see only the physical credo. 

Fuller is not a scientist, although his methods are highly 

mathematical and accurate. Scientific orthodoxy does not accommodate 

his observations that there are no particles—no solids—no things; 

that there are only curved lines, and that there are no "whats" or 

"vheres," only "whens." By his own admission, he is neither an 

aesthetician nor a philosopher of any kind. Moreover, to be anything 

in any given field of study or endeavor represents specialization, or, 

in the synergetic sense, a separate event or unique occupational 

system which may be only part of the all-embracing whole pattern of 
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occupational experience. Metaphysical synergism cuts across all 

conventional structures of society to appeal to the liberally educated, 

universally inclined person. Specialization is a "perverse fixation" 

which, Fuller believes, will lead to the extinction of society. 

History, vis-a-vis time, will show the accuracy of his views. In 

the absence of any surety, destiny can only be conjectured; but, 

having progressed to that point, the present in relationship to the 

past would suggest a fundamental correctness to his theory. 

Neither is art exempt from the errors of specialization in the 

context of a synergistically advancing culture: 

The name of artist or scientist, though often self-

professed, can only be accredited to an individual 

by others who in retrospect discover the enduring 

quality of the symmetries with which the individual 

converted his conceptual!zaing to the advantage of 

others, and . . . the gradual discovery of the 

functions in Universe which humanity has been 

designed to fulfill . . . it is synergetically 

reasonable to assume that relativistic evaluation 

of any of the separate drives of art, science, 

education, economics, and ideology, and their 

complexedly interacting trends within our times, 

may be had only through the most comprehensive 

historical sweep of which we are capable (Fuller, 

1975, pp. xxix, IT). 
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The modern theory of synergism owes much to the Fuller dominated 

insights of 20th century thinking. It would he difficult to imagine 

any patterns of events, physical or non-physical, which has escaped 

Fullerfs attention. Consequently, the introduction of metaphysical 

synergism into an already synergetically ambient Universe may be 

superfluous. Nevertheless, metaphysical synergy serves a purpose if 

nothing more than as a term to identify and to emphasize the non-

physical application of synergism which might otherwise he generally 

disregarded. 

Metaphysical synergy is expressed very simply in the Fuller 

equation U = MP where U is Universe, M is metaphysical, and P is 

physical. Transposed, this equation yields M = U/P, the metaphyical 

"being equal to the ratio of the Universe to its physical nature. 

Therefore, any explanation relating to the Universe/Physical ratio is 

to some extent an explanation of the metaphysical. Synergism 

suggests, and science has substantially proved, that there is a 

natural order, or set, of eternal "laws" governing the Universe/ 

Physical ratio. The laws are commonly applied to isolated physical 

phenomena; e.g., the "law" of gravity, the speed of light, etc. 

Comprehending the relationship of these principles is the metaphysical 

synergetic experience (Fuller, 1975); that is, the metaphysical is 

synonomous with understanding that which is communicated through the 

2 

physical (U/P ratio. For example, E = MC supposes that Einstein 

understood a fundamental ratio of existence. Synergetically a new 

eternal principle was discovered which previously was known only by 
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its separate parts; viz., energy, gravity, and light. Although 

Einstein was first to discover the simple relationship, anyone who 

now comprehends the equation participates also in a metaphysical 

experience. 

All the several physical laws of the Universe "behave in concert 

synergetically—in a way greater than and unpredictable by their 

separate natures. While we know some of the relationships, we by no 

means know all of them. The metaphysical synergy formula, M = U/P, 

may eventually be reduced to a very simple, numerical form. It has 

not been thus far. The most celebrated, but unsuccessful, try to 

date was Einstein's search for the Unified Field Theory. 

The interaction of the known generalized principles of the 

physical Universe produces the synergetic metaphysical effects which 

are probably what are spoken of as wisdom (Fuller, 1975); however, 

wisdom—cosmic awareness—exists only to the degree that synergism is 

comprehended. Much of the Universe still lies beyond comprehension, 

and, given the attitudes and educational priorities of today's 

cultures, probably will forever. (Consider the syntax of metaphysical 

synergism, for example.) 

Metaphysics is not to be confused with mysticism, nor is 

synergism to be equated with the merely academic. Metaphysical 

synergism does not seek to rationalize the unknown, but rather it is 

a principle to describe that which can be understood with the recog-

nized potential for increasing awareness, even in day to day life 

experiences. As the term metaphysics would suggest, this signals 
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that ours is a civilization perhaps entering the latter phases of its 

historical development. That is, looking at human development from 

the stage of primitive "beginner to that of greater cosmic awareness, 

it is possible to identify four main phases. They are the magical, 

the religious, the scientific, and the metaphysical. The wholeness 

concept implicit in synergism is also implied in the phases of cul-

tural development to the extent that each phase is marked by a certain 

level of awareness of the synergetic principle. Sejourne wrote: 

In the evolution of thought, the archaic seems to 

represent the pre-religious stage, before any 

principle appears to bind phenomena together; from 

which we deduce that the world of magic is essen-

tially one of multiplicity and fragmentation, in 

which every component part is an isolated entity 

having no inner communion with the rest. Religion, 

on the other hand, conceiving the various parts to 

be emanations from an invisible whole, puts an end 

to such a state of division: herein lies its transcen-

dence (1976, p. 53). 

Science gives further insights into the relationship of the parts to 

the whole, and metaphysics, of which art is akin, is the symbol of 

the final transcendence of all physical communicators so that the 

highest state of awareness is a complex synergistic comprehension of 

the Universe and all its generalized principles and their relationships 

to each other. 
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Discussion 

Synergism has two important deterministic qualities. They are 

the simple process of things (and individuals) working together and 

the act of regeneration. Only in some cases of physiological syner-

gism does the regenerative process sometimes seem to be in doubt. 

Where biological degeneration occurs, however, it is usually as a 

direct result of human interference in natural synergistic processes. 

Ironically, science demonstrates the validity of theological synergy; 

that is, regeneration is dependent on the right actions of the 

conscious will. Wrong actions may prove biologically self-destructing. 

Similarly, in the psychological and metaphysical context, 

aesthetic regeneration is a result of the correct application of 

consciouness to art. Art is inherently synergistic. The archaic 

meaning of the word art is "the putting of things together." In the 

absence of any elaboration on this definition by the ancients, it 

probably referred to actual fabrication abilities of artists with 

materials; however, in modern context, things may refer also to a host 

of theoretical design and pedagogical elements. Things, whatever 

their substance, work together in art synergistically to produce an 

effect. The art induced synergistic effect is manifested in the 

aesthetic response which, in its right state; viz.^ beauty, constitues 

the regenerative force implied in any right acting synergistic event. 

Also, it is possible that the regenerative force which is created adds 

to the evolutionary scheme in the Fullerian way. Whether synergism 

in art is the path to Immortality remains to be seen, however. It Is 
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true that consciousness is uniquely addressed "by visual stimuli. The 

regenerative visual aesthetic experience is not explainable in the 

available language, regardless of how extensive the vocabulary may be. 

The most descriptive superlatives always fall short of exciting the 

inner self to the same level as that visual connection of events 

which is uniquely the synergism of art. Art confirms the spirit, 

and in that way it is indeed tantamount to immortality. What is 

sensibly gained through responses to art represent, over the long term, 

an assembling of synergistic experiences which may contribute to the 

evolutionary process in perfect harmony with the Inherent Immortality 

Theory of Fuller. 

The broad principles of synergism at any stage of actuality is 

either external or internal to the self, or a complex integration of 

the two. Both are necessary if humanity is to realize its full 

potential. This is an important point because too frequently in the 

press of material concerns, as evidenced in physiological synergism, 

scientific-industrial man impedes the natural synergistic evolution 

of consciousness through neglect or wrong assumptions about human 

needs, attending as it were to the superficial outer concerns while 

ignoring the real needs of the inner self. 

The necessary study of art, and in particular color, is the 

study of the internal experiences of the self exclusive of material 

considerations. Laws of color use, canons of design, elements of art, 

and rules of composition are not codifications of systematic external 

stimuli, but are instead self-devised, arbitrary entry points to 
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consciousness. While at first they may appear reasonable, their 

eventual inadequacy on the whole serves to remind us that synergism 

in art is not a materialistic application of the synergy principle, 

as in nickel carbon steel. Synergy in art is instead a recognition 

of the complex interrelationship of neurological responses to sensory 

data which transcends the data themselves to raise the aesthetic 

consciousness to new levels of self discovery. 

Color 

Synergism is a universal force at work in both organic and 

inorganic substructures; in the psychological, physiological and 

philosophical concerns of humanity and in the occult and spiritual 

preoccupations of the self. Fuller (1963) says synergy is inherently 

surprising. To look to synergy for plausible explanations for the 

aesthetic response to art is to invite surprise—in this case, not 

that synergy applies to art, but how accurately and completely it 

applies. 

Among the synergistically interacting component parts of art 

are the design elements, and among these conventional elements is 

color. The methods of synergism are complex. To speak of color 

relative to Divine wisdom, the Universe, and evolutionary immortality 

is, no doubt, a plane above more normal considerations of color as 

an identifier of shape. But it is only when color is held to be a 

plane above, or at least equal to, the most complex synergistic 

ideas that its total contribution to art and the evolution of 

sensibility can be understood. 
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Color harmony is a complex subject! We find this exact 

statement repeatedly given in the literature (Moon and Spencer, 19^d; 

Burnham, Hanes and Bartleson, 1963, Judd and Wyszecki, 1975)« The 

authors mean to convey an impression that the theory of color harmony 

confounds reason. The statement may also be taken, however, to 

describe the natural condition of an evolved system of interacting 

parts which holds ideally the potential for synergistic action. 

Such a position relative to the phenomena of color is not 

capricious. Most of our knowledge of the Universe of terrestrial 

elements and of human physiology is due largely to color analysis 

(Smith and Cooper, 1972). No other identifiable phenomenon has 

contributed more to the understanding of humanity and the nature of 

its existence and non-existence. The potentially entropic Universe 

evolves. Synergetic regeneration is fundamental to this unanticipated 

evolutionary process. Color is an integral part of the Unvierse; 

thus, it is entirely appropriate to explore the synergism of color 

under even the most complex of synergy theories. 
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