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A small circle of Western European 
nations provided the original home for 
modern science during the 16th and 
17th centuries: Italy, France, England, 
the Netherlands, Germany, Austria, and 
the Scandinavian countries. The rela- 
tively small geographical area covered 
by these nations was the scene of the 
Scientific Revolution which firmly es- 
tablished the philosophical viewpoint, 
experimental activity, and social institu- 
tions we now identify as modern sci- 
ence. Historians of science have often 
attempted to explain why modern sci- 
ence first emerged within the narrow 
boundaries of Western Europe, but few 
if any of them have considered the 
question which is central to this article: 
How did modern science diffuse from 
Western Europe and find its place in 
the rest of the world? 

The obvious answer is that, until 
fairly recent times, any region outside 
of Western Europe received modern 
science through direct contact with a 
Western European country (1). 
Through military conquest, coloniza- 
tion, imperial influence, commercial 
and political relations, and missionary 
activity the nations of Western Europe 
were in a position to pass on their 
scientific heritage to a wider world. 
This simple explanation is essentially 
correct, but it is entirely lacking in 
details. Who were the carriers of West- 
tern science? What fields of science did 
they bring with them? What changes 
took place within Western science while 
it was being transplanted? By what 
means is a flourishing scientific tradition 
fully recreated within societies outside 
of Western Europe? In this article I 
undertake to incorporate all these ques- 
tions into a meaningful framework 
through the means of a model de- 
signed to aid our understanding of the 
diffusion of Western science. 

The Model 

While making a preliminary survey 
of the literature concerning the dif- 
fusion of Western European science 
and civilization, I discovered a repeated 
pattern of events that I generalized in 
a model which describes how Western 
science was introduced into, and es- 
tablished in, Eastern Europe, North 
and South America, India, Australia, 
China, Japan, and Africa. The model, 
like the survey that produced it, is 
preliminary; it is a heuristic device use- 
ful in facilitating a discussion of a ne- 
glected topic in the history of science. 

Three overlapping phases or stages 
constitute my proposed model. During 
"phase 1" the nonscientific society or 
nation provides a source for European 
science. The word nonscientific refers 
to the absence of modern Western 
science and not to a lack of ancient, 
indigenous scientific thought of the sort 
to be found in China or India; Eu- 
ropean, as used hereafter in this article, 
means "Western European." "Phase 2" 
is marked by a period of colonial sci- 
ence, and "phase 3" completes the 
process of transplantation with a strug- 
gle to achieve an independent scientific 
tradition (or culture). 

These phases are conveniently repre- 
sented by the three curves of Fig. 1. 
The shapes of the curves were not 
determined in any strict quantitative 
way, for qualitative as well as quantita- 
tive factors are to be included in the 
definition of scientific activity. In de- 
termining the height of a curve I am 
willing to consider quantifiable elements 
-number of scientific papers produced, 
manpower utilized, honors accorded 
-as well as the judgments of historians 
who evaluate, on a more subjective 
basis, the contributions of individual 
scientists. Furthermore, the curves de- 
scribe a generalized process that must 
be modified to meet specific situations. 

Japan, for example, had an unusually 
long, and initially slow-growing, second 
phase because of the policy of politi- 
cal, commercial, and cultural isolation 
practiced by her rulers. This long inter- 
val quickly reached a peak after the 
Meiji Restoration (1868), when Japan 
was fully opened to Western influence. 

Thus it should be clear that when 
I refer to the graph of Fig. 1, I will 
(i) be mainly concerned with the gross 
features of the curves and (ii) be using 
the curves to illustrate my discussion 
and not to bolster it with independent 
support from empirical sources (2). 

The first phase of the transmission 
process is characterized by the Eu- 
ropean who visits the new land, sur- 
veys and collects its flora and fauna, 
studies its physical features, and then 
takes the results of his work back to 
Europe. Botany, zoology, and geology 
predominate during this phase, but 
astronomy, geophysics, and a cluster 
of geographical sciences-topography, 
cartography, hydrography, meteorolo- 
gy-sometimes rival them in impor- 
tance. Anthropology, ethnology, and 
archeology, when they are present, 
clearly rank in a secondary position. 
These various scientific studies may be 
undertaken by the trained scientist or 
by the amateur who, in the role of 
explorer, traveler, missionary, diplomat, 
physician, merchant, military or naval 
man, artist, or adventurer, makes an 
early contact with the newly opened 
territory. Training and expertise in a 
science will increase the European ob- 
server's awareness of the value and 
novelty of his discoveries, but they are 
not the crucial factors. What is impor- 
tant is the fact that the observer is a 
product of a scientific culture that values 
the systematic exploration of nature. 

Science during the initial phase is an 
extension of geographical exploration, 
and it includes the appraisal of natural 
resources. Whether the "New World" 
to be studied is North or South Ameri- 
ca, Africa, Antarctica, the moon, or a 
neighboring planet, it is first necessary 
to survey, classify, and appraise the or- 
ganic and inorganic environment (3). 
If the territory under surveillance is to 
serve eventually as a settlement for 
European colonists, the observer will 
probably follow the advice Sir Francis 
Bacon offered 17th-century planters 
of colonies (4). First, he counseled, 
"look about [for] what kind of victual 
the country yields of itself" and then 
"consider . . . what commodities the 
soil . . . doth naturally yield, that 

they may some way help to defray 
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the charge of the plantation." Botany, 
zoology, and geology have a direct 
relevance to this search for foodstuffs 
and exportable natural products. 

Phase-i science is not limited to 
the uncivilized country where European 
settlement is the object. It is also to 
be found in regions already occupied 
by ancient civilizations, some with in- 
digenous scientific traditions. India and 
China, two nations in this category, 
fell under the scrutiny of European 
scientists when they came into con- 
tinuous contact with the West. Al- 
though the possibilities for trade in 
exotic items partly explain European 
interest in the natural history of these 
countries, commerce did not supply the 
major impulse. Trade and the prosoect 
of settlement both influence the Eu- 
ropean observer's investigation of a new 
land, but ultimately his work is to be 
related to the scientific culture he repre- 
sents. He is the heir to the Scientific 
Revolution, that unique series of events 
that taught Western man the physical 
universe was to be understood and sub- 
dued not through unbridled speculation 
or mystical contemplation but through 
a direct, active confrontation of natural 
phenomena. The plants, animals, and 
landscape of Europe had revealed their 
secrets when subjected to this method 
of inquiry; why should not the flora, 
fauna, and geology of an exotic land 
reveal as much or more? 

The historical record is filled with 
examples of European naturalists col- 
lecting and classifying the plant and 
animal life they find in remote jungles, 
deserts, mountains, and plains and then 
publishing the results for the illumina- 
tion of the European scientific com- 
munity. In the Americas we begin with 
Gonzalo Fernandez de Oviedo, called 
the first naturalist of the New World, 
and his book delineating the natural 
history of the West Indies (1535). From 
Oviedo in the 16th century, through 
the 17th and 18th centuries, there is 
a constant stream of Spanish, French, 
German, Dutch, Swedish, and English 
naturalists traveling on scientific expedi- 
tions to South America. In the early 
decades of the 19th century this move- 
ment culminates in the work of Alex- 
ander von Humboldt and Charles Dar- 
win (5). 

Thomas Harriot, a 16th-century trav- 
eler n rr and writer on the natural products 
and natives of Virginia, is the progeni- 
tor of a North American group of col- 
lectors, geologists, and surveyors. Dur- 
ing the 18th century American colonial 
naturalists joined their European-based 
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Fig. 1. Sequence of phases in the diffusion 
o,f Western science. 

colleagues and continued the task of 
expanding European knowledge of the 
natural history of the northeastern and 
southeastern United States. Mark Cates- 
by, John and William Bartram, Alex- 
ander Garden, Peter Kalm, and John 
Clayton are familiar names in this scien- 
tific enterprise. By 1800 the region 
east of the Mississippi River had been 
explored; now there was a shift of in- 
terest to the Western lands. 

The wave of modern science had 
traveled from Europe across the At- 
lantic to the eastern and middle-western 
United States. During the 19th century 
science maintained its westward thrust 
as it was carried beyond the Mississippi 
by a series of government-supported 
and privately supported exploratory ex- 
peditions. From Lewis and Clark to 
the Colorado River venture of John 
Wesley Powell (1804-1870), the Ameri- 
can West was the scene of phase-1 
science. The sponsors of this science, 
however, did not reside in the older 
scientific capitals of Western Europe- 
London, Paris, Berlin-but lived in the 
eastern United States-in Boston, Phil- 
adelphia, and Washington, the emerg- 
ing counterparts of the older capitals. 
This region, moving through the sec- 
ond into the third phase of the trans- 
mission process, was now in a position 
to act as a center for the diffusion of 
modern science. The time lag between 
the phases in the various geographical 
sections of the United States has had 
its effect on the current American scien- 
tific scene. The unequal distribution of 
scientific centers of excellence through- 
out the nation is due, in part, to the 
fact that some sections began the 
process of transplanting and nurturing 
science at a later date than others (6). 

The Pacific Ocean was opened to 
European scientists by the three ex- 
ploratory voyages undertaken by Cap- 
tain James Cook between 1768 and 
1780. Cook carried Sir Joseph Banks 

with him on his initial voyage, and it 
was the latter who uncovered the bo- 
tanical, zoological, and ethnological 
treasures of the Australian continent. 
Botanist Robert Brown, spurred on by 
Banks's success, gathered some 3900 
species of Australian plants and pro- 
duced Prodromus florae novae Hol- 
landiae et insulae Van-Diemen (1810), 
a classic in botanical literature. Later 
in the century Sir Joseph Dalton Hook- 
er and Alfred Russell Wallace were to 
make significant contributions to 
science, based on their collecting ven- 
tures in, respectively, Antarctica (1839- 
43) and the Malay Archipelago (1856- 
62) (7). 

China, India, and Japan posed new 
problems for the spread of Western 
science. Ancient and civilized peoples 
inhabited these nations, not the primi- 
tives encountered elsewhere. Neverthe- 
less, the first Europeans who visited 
them began the surveying and collecting 
of plant and animal life that has con- 
sistently marked their early contract 
with new territory. Natural history was 
studied in Japan prior to the arrival 
of the Christian missionaries in the 
late 16th century, but this native en- 
deavor was soon to be dominated by 
Europeans, with their superior classifi- 
catory systems. Two Germans, Andreas 
Cleyer and Engelbert Kaempfer, are 
noted for their botanical work in 17th- 
century Japan. In the succeeding cen- 
tury Carl Peter Thunberg and Philipp 
Franz von Siebold, two medical of- 
ficers in the employ of the Dutch East 
India Company, made lasting contribu- 
tions to the study of Japanese natural 
history (8). 

China, once it was opened to West- 
ern ideas by the Jesuits in 1583, pro- 
vided vast new opportunities for Eu- 
ropean scientific exploration. One cus- 
tomarily reads of the Jesuit missionaries 
as carriers of the new astronomy of 
Copernicus and Galileo to the learned 
men of China, but their correspondence 
and memoirs attest to their interest 
in the biological and geological sciences. 
The natural history studies of the first 
missionaries were soon to be expanded 
as hundreds of European scientists 
journeyed to China in the 17th, 18th, 
and 19th centuries. Botany alone caught 
the attention of so many of these Eu- 
ropeans that over 1000 pages in a 
two-volume history of European bo- 
tanical discoveries in China (9) are de- 
voted merely to a listing of their names 
and accomplishments! 

The Portuguese, in pursuit of the 
spice trade, opened a sea route to In- 
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dia, bringing with them the first Eu- 
ropean science-collectors to that con- 
tinent. When, in the 17th century, 
England replaced Portugal as the major 
influence in Indian affairs, English mis- 
sionaries and physicians assumed the 
task of investigating Indian natural 
history. In the 18th century the Eng- 
lish became masters of Indian trade, 
and the men attached to the East India 
Company turned naturalists. They ac- 
quired extensive collections of flora and 
fauna and hired native artists to sketch 
the specimens in their proper colors 
and ecological setting. The Company 
formally acknowledged the economic 
importance of its servants' botanical la- 
bors by establishing the Botanic Gar- 
dens at Calcutta in 1787. The travels 
and writings of Sir Joseph Dalton 
Hooker, whose botanical expedition to 
the Himalayas was the basis for his 
Flora Indica (1855) (see 10), are a 
reminder that professional scientists 
were also actively engaged in study of 
the natural history of India. 

The western coastline of Africa was 
explored by 15th-century Portuguese 
navigators, but the easy availability of 
gold and slaves on the coast, and the 
natural barriers to the exploration of 
the interior, kept substantial European 
contact limited to the periphery of the 
continent until the late 19th century. 
The Cape area, however, serving as a 
way station for India-bound vessels, 
had a European settlement in 1652. 
South Africa, offering communities of 
European settlers and the advantages of 
a southerly location for telescopic ob- 
servation, early attracted naturalists and 
astronomers, who came to observe its 
plants and animals, its geography and 
geology, and its heavens (11). 

In the second half of the 18th cen- 
tury a small number of observers from 
France, England, Sweden, and Den- 
mark began a more intensive investiga- 
tion of the natural history of the con- 
tinent of Africa. The most ambitious 
18th-century scientific expedition was 
mounted in 1798 by Napoleon Bona- 
parte as part of his military campaign 
in Egypt (1798-1801). Naturalist Geof- 
froy St. Hilaire, attached to the 
Napoleonic venture, collected Egyptian 
flora and fauna, paying special atten- 
tion to the native fishes. His col- 
leagues, including some eminent French 
scientists of the day, analyzed the soil 
and water of Egypt, made astronomi- 
cal observations, and sketched and gath- 
ered Egyptian antiquities, thereby lay- 
ing the foundations for modern 
Egyptology (12, 13). 
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One should not conclude from this 
swift survey of world history that 
phase-i science is confined to the pe- 
riod beginning in the 16th and termi- 
nating in the mid-19th century. Late 
in the 19th century, when Germany be- 
came an imperial power by acquiting 
territory in Africa and the Pacific, 
she assessed her colonial wealth in Das 
Deutsche Kolonialreich (1909-10), a 
work that includes studies by zoolo- 
gists, botanists, geologists, and geogra- 
phers. In the first half of the 20th 
century the polar regions were the goals 
of the scientific explorer. The current 
need for natural history studies in un- 
derdeveloped regions (14) and the pros- 
pects of lunar and planetary explora- 
tion promise new tasks for the phase-i 
scientist. 

All of the plant, animal, and mineral 
specimens collected in the foreign 
lands, as well as the information 
amassed there, were returned to Eu- 
rope (or, at a later date, to the United 
States) for the benefit of its scientists. 
Phase-i science may be scattered around 
the globe, but only nations with a mod- 
ern scientific culture can fully appreci- 
ate, evaluate, and utilize it. 

As early as the 17th century it was 
realized that contact with new lands 
is certain to affect the development 
of science at home. Bishop Sprat, in 
his history of the Royal Society of 
London (1667) (15), wrote that mari- 
time nations were "most properly seat- 
ed, to bring home matter for new 
Sciences, and to make the same propor- 
tion of Discoveries . . . in the Intel- 
lectual Globe, as they have done in 
the Material" (see Fig. 2). The "matter" 
sent back by the collectors filled the 
zoological and botanical gardens, her- 
bariums, and museums of Europe; 
made obsolete the classificatory systems 
devised for European flora and fauna; 
gave rise to the new studies of plant 
and animal geography; and decisively 
influenced the Darwinian theory of or- 
ganic evolution (16). 

The scientist who went out on an 
exploratory expedition often found 
that the experience gained from 
studying natural history in a foreign 
land modified his own scientific views. 
Michel Adanson, recalling his stay in 
Senegal (1749-54), commented (17): 
"Really, botany seems to change face 
entirely as soon as one leaves our tem- 
perate countries." And halfway across 
the earth in Australia, Sir James E. 
Smith (1793) concurred (18): "When 
a botanist first enters . . . so remote 
a country as New Holland, he finds 

himself . . . in a new world. He can 
scarcely meet with any fixed points 
from whence to draw his analogies." 
Thus European science, its practitioners 
forced to come to terms with exotic 
material at home and abroad, under- 
went a significant transformation while 
it was in the process of being diffused 
to a wider world. 

Colonial Science 

Colonial science (phase 2) begins 
later than phase-1 science but eventual- 
ly reaches a higher level of scientific 
activity (Fig. 1) because a larger num- 
ber of scientists are involved in the 
enterprise. Let me explain this use of 
the adjective colonial. First, as I use 
the term, colonial science is dependent 
science. At the phase-2 stage the scien- 
tific activity in the new land is based 
primarily upon institutions and tradi- 
tions of a nation with an established 
scientific culture. Second, colonial sci- 
ence is not a pejorative term. It does 
not imply the existence of some sort of 
scientific imperialism whereby science in 
the non-European nation is suppressed 
or maintained in a servile state by an 
imperial power. Third, phase 2 can oc- 
cur in situations where there is no 
actual colonial relationship. The de- 
pendent country may or may not be a 
colony of a European nation. This usage 
permits discussion of "colonial science" 
in Russia or Japan as well as in the 
United States or India (19). 

Natural history and the sciences 
closely related to the exploration of 
new lands dominate phase 1. During 
the early years of phase 2, natural his- 
tory is still the major scientific interest, 
with the first colonial scientists joining 
in the survey of the organic and in- 
organic environment conducted by the 
European observers. As colonial scien- 
tific activity increases, the range of the 
sciences studied is expanded and finally 
coincides with the spectrum of scien- 
tific endeavor in the nation, or nations, 
supporting the activity. There is a pos- 
sibility that the colonial scientist will 
extend this spectrum, that he will open 
up wholly new fields of science, but 
this is unlikely, not because the 
colonial scientist is necessarily inferior 
to his European colleagues but because 
he is dependent upon an external sci- 
entific culture and yet not a fully par- 
ticipating member of that culture. 

Who is this colonial scientist? He 
may be a native or a transplanted Eu- 
ropean colonist or settler, but in any 
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case the sources of his education, and 
his institutional attachments, are be- 
yond the boundaries of the land in 
which he carries out his scientific work. 
This pattern is found in 18th- and 19th- 
century North and South America, 
Russia, and Japan; in 19th-century Aus- 
tralia and India; and in 20th-century 
China and Africa. If formally trained, 
the colonial scientist will have received 
some or all of his scientific education 
in a European institution; if informally 
trained, he will have studied the works 
of European scientists and will have 
purchased his books, laboratory equip- 
ment, and scientific instruments from 
European suppliers. This training will 
direct the colonial scientist's interest to 
the scientific fields and problems de- 
lineated by European scientists. Colo- 
nial scientific education is inadequate 
or nonexistent; the same can be said 
for colonial scientific organizations and 
journals. Therefore, the colonial scien- 
tist seeks the membership and honors 
of European scientific societies (20) and 
publishes his researches in European 
scientific journals. 

Does the dependency of colonial sci- 
ence mean that it must be inferior 
to European science? Any answer to 
this question must consider the vigor 
of the scientific culture upon which 
the colonial science is dependent. Co- 
lonial science in Latin America, for 
example, advanced slowly as compared 
with developments in Western Europe. 
Several possible explanations of this lag 
may be proposed, but included among 
them must be the realization that mod- 
ern science had not been extensively 
cultivated by Spain and Portugal, the 
colonizers of South America. A case 
in point is Brazil. Brazilian science re- 
ceived its greatest impetus during the 
hiatus in Portuguese rule when the 
Dutch (1624-54) broke the old ties 
and brought the colony under the full 
influence of Western European culture 
(21). 

Having mentioned the special case 
of Spain and Portugal, let me return 
to the general question of the in- 
feriority of colonial science. As already 
noted, the colonial scientist works un- 
der handicaps at home and relies upon 
a scientific tradition located abroad. Al- 
though the group of men involved in 
the enterprise of colonial science is 
larger than that involved in phase-1 
collecting, the number has not yet 
reached the critical size necessary for 
reciprocal intellectual stimulation and 
self-sustaining growth. The weakness, 
or lack, of colonial scientific institu- 
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tions tends to cancel the advantages 
otherwise gained as the group ap- 
proaches its critical size. 

There is one final difficulty. Colo- 
nial scientists are oriented toward an 
established scientific culture but they 
cannot share in the informal scientific 
organizations of that culture. They can- 
not become part of the "Invisible Col- 
leges" in which the latest ideas and 
news of the advancing frontiers of sci- 
ence are exchanged, nor can they bene- 
fit from the "continuing mutual educa- 
tion" provided by these informal 
groups of scientists (22). These are 
some of the disadvantages colonial sci- 
entists face even when they are in 
touch with the superior and vigorous 
scientific traditions of a France, Ger- 
many, Great Britain, or United States. 

Colonial science has its drawbacks, 
but it is in the fortunate position of 
being able to utilize the resources of 
existing scientific traditions while it 
slowly develops a scientific tradition of 
its own. Although colonial science will 
rarely create great centers or schools 
of scientific research, open new fields 
of science, or completely dominate 
older areas of scientific inquiry, it does 
provide the proper milieu, through its 
contacts with the established scientific 
cultures, for a small number of gifted 
individuals whose scientific researches 
may challenge or surpass the work of 
European savants. These few men 
become the heroes of colonial sci- 
ence, and the debt they owe the 
older scientific traditions is often ob- 
scured, as is the fact that they are 
not representative of the state of co- 
lonial science. Benjamin Franklin is 
such a hero. He was a creative experi- 
mentalist and theorizer whose re- 
searches on electricity overshadowed 
the contributions of many of his 
European contemporaries. However, in 
praising Franklin we should remember 
that his intellectual and institutional 
home was London and Paris, not Phila- 
delphia, and that his model was Sir 
Isaac Newton (23). The 18th-century 
chemist Mikhail V. Lomonosov holds a 
similar position in Russian colonial sci- 
ence, and, similarly, his intellectual base 
was outside of Russia, in Germany 
(24). Colonial science need not be in- 
ferior to European science, and in the 
hands of a scientific genius it might be 
superior, but its ultimate strength lies 
in the growing number of practicing 
scientists whose education and work are 
supported by an external scientific tra- 
dition. 

The United States and Japan provide 

interesting illustrations of the course 
and nature of colonial science. The 
American colonial period of science ex- 
tended beyond the nation's colonial 
political status. In 1847 Swiss-born 
Louis Agassiz criticized American def- 
erence to England in scientific mat- 
ters (25), and as late as 1922 American 
physicists preferred to publish in the 
prestigious English journal Philosophi- 
cal Magazine rather than in the Ameri- 
can Physical Review (26). By the sec- 
ond half of the 19th century, Ger- 
many and France, not England, had 
come to hold the greatest attraction 
for American scientists. The young 
Josiah Willard Gibbs received his doc- 
torate in science from Yale (1863) and 
immediately left for Europe to com- 
plete his scientific education in Paris 
and Berlin. Gibbs was not alone. Hun- 
dreds of American chemists, physicists, 
and biologists in the late 19th and 
early 20th century pursued graduate 
studies, or gained Ph.D.'s, at Berlin, 
Leipzig, Gottingen, Heidelberg, Mu- 
nich, or Paris (27). In 1904 the presi- 
dent of the American Mathematical 
Society estimated that 10 percent of its 
members held Ph.D.'s from German 
universities, and at least 20 percent 
had studied mathematics there (28). 
American scientific institutions could 
not provide the training or experience 
these men needed to bring them to the 
forefront of scientific knowledge. 

"Of all the wonders of the world the 
progress of Japan . . . seems to me 
about the most wonderful." So wrote 
Charles Darwin in 1879 to Edward S. 
Morse, the American zoologist who had 
introduced the theory of organic evolu- 
tion into Japan (29). The rapid progress 
of Japanese science that impressed Dar- 
win was of relatively recent origin. 
Prior to the Meiji restoration (1868) 
Japanese colonial science grew at a 
slow pace, thwarted by governmental 
prohibition, linguistic barriers, and cul- 
tural resistance. European science, car- 
ried to Japan by 16th-century Jesuit 
missionaries, was banned in 1636 when 
the government moved to halt the in- 
filtration of Western religion and 
thought. This seclusionist policy was 

Fig. 2 (right). The title page of Sir 
Francis Bacon's major contribution to the 
philosophy of science pictorially associated 
the acquisition of new knowledge with 
the travels of ships to the lands beyond 
Europe. [From F. Bacon, Instauratio 
Magna (London, 1620), reproduced with 
permission of the University of Texas 
Library] 
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not relaxed until the first half of the 
18th century, when Western ideas were 
permitted to enter in the form of Sino- 
Jesuit scientific treatises and Dutch 
books. The Dutch, having maintained 
limited commercial contacts during the 
period of isolation, provided the only 
direct channel of communication be- 
tween Japan and Europe. Once the ban 
was removed, Japanese scholars took 
advantage of this channel by translat- 
ing Dutch books summarizing Western 
science and learning. These books made 
available European knowledge of hu- 
man anatomy and medicine, helio- 
centric astronomy, and developments in 
chemistry and physics. The Japanese 
translators went beyond their linguis- 
tic tasks and often repeated the ex- 
periments they learned about in their 

reading. Thus the physician Hashimoto 
Sokichi, while translating some Dutch 
books on electricity, decided to con- 
firm their accuracy by repeating the 
electrical experiments of Benjamin 
Franklin (see Fig. 3) (30). 

In the Tokugawa era (1600-1868) 
(see 31), especially in the later years, 
a growing number of Japanese savants 
were attempting to assimilate European 
science and technology. Nevertheless, 
Meiji science far surpassed the modest 
accomplishments of the previous pe- 
riod. After 1868 the Japanese govern- 
ment undertook a deliberate program 
of modernization, a program that paid 
special attention to the science of the 
West. The Japanese imported Ameri- 
can, German, English, and Dutch sci- 
entists, engineers, and physicians to 

serve in native universities as teachers 
of aspiring scientists. Between 1868 and 
1912 over 600 students were sent 
abroad for special training in the sci- 
entific and technological centers of 
America and Europe. Linguistic bar- 
riers were overcome by the translation 
of Western scientific textbooks and by 
the compilation of a dictionary of tech- 
nical words (Japanese, English, French, 
and German). Insofar as her science 
was concerned, Japan was as dependent 
upon the Western scientific culture as 
any of those countries that are con- 
ventionally classified as political 
colonies of the Western nations (32). 

Colonial science begins when a small 
number of native workers or European 
settlers in the land recently opened to 
European science first participate in 
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Fig. 3. The Tokugawa physician Hashimoto Sokichi (1763-1836) used a tall pine tree, instead of a kite, in an experiment confirm- 
ing Benjamin Franklin's claim that lightning is identical with static electricity. [From Hashimoto Sokichi, Erekiteru kyuri gen 
(Osaka, 1811), reproduced with permission of Osaka Prefectural Library, Osaka, Japan] 
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phase-1 exploration and then gradual- 
ly shift their interest to a wider spec- 
trum of scientific activity. All this takes 
place while the colonial scientist relies 
upon an external scientific tradition. 
The transition from phase 2 to phase 
3 is more complex. Scientists in the 
third phase are struggling to create an 
independent scientific tradition; they 
are attempting to become self-reliant 
in scientific matters. 

What spurs the colonial scientist to 
move from dependency to independ- 
ency? Nationalism, both political and 
cultural, can sometimes be identified 
as the moving force. After the Ameri- 
can Revolution there was nationalistic 
sentiment in the new nation which en- 
couraged the building of an American 
science upon a native foundation (33). 
Similar sentiment appeared in the South 
American colonies after their break 
with Spain (34). In 1848 Andres Bello, 
a Venezuelan thinker and educator, 
called for a South American science, 
bearing the stamp of its national origin, 
that would not "be condemned to re- 

peat servilely the lessons of European 
science." "European science seeks data 
from us," he said, and then asked 
rhetorically, "shall we have not even 
enough zeal and application to gather 
it for them?" The answer was that 
data-gathering was not to be the only 
job of the Latin-American scientist, 
for the American republics had a 
"greater role to play in the progress of 
the sciences." 

Nationalistic feelings may be signifi- 
cant in the transition from phase 2 to 
phase 3, but there are more funda- 
mental forces working to bring about 
this change. Colonial science contains, 
in an embryonic form, some of the es- 
sential features of the next stage. Al- 
though the colonial scientist looks for 
external support, he does begin to cre- 
ate institutions and traditions which will 
eventually provide the basis for an in- 
dependent scientific culture. A modest 
amount of scientific education will be 
undertaken by the colonial scientist, 
he will agitate for the creation of native 
scientific organizations, he may work 
for the establishment of a home-based 
scientific journal, and he begins to 
think of his work, and of the researches 
of his immediate colleagues, as being 
the product of his own nation. Co- 
lonial science has passed its peak when 
its practitioners begin a deliberate cam- 
paign to strengthen institutions at home 
and end their reliance upon the ex- 
ternal scientific culture. 
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Independent Scientific Tradition 

The struggle to establish an independ- 
ent scientific tradition, which takes place 
during the third phase, is the least 
understood, appreciated, or studied as- 
pect of the process of transference of 
modern science to the wider world. 
Historians and sociologists of science 
have failed to realize the difficulty of 
fully integrating science into a society 
that previously had little contact with 
Western science. The easy success of 
colonial science does not adequately 
prepare a country for the arduous task 
of creating and supporting native sci- 
entific institutions and fostering atti- 
tudes conducive to the rapid growth of 
science. Scientists working in phase 3, 
and historians who later attempt to 
plot the development of science during 
phases 2 and 3, often misunderstand 
the era of colonial science. In both 
cases they tend to praise the high 
level of scientific activity reached in 
the colonial era and forget that that 
level of attainment was made possible 
through a reliance upon an older, es- 
tablished scientific tradition. 

The colonial scientist, who was a 
member of a relatively small group of 
men oriented toward an external sci- 
entific culture, is to be replaced during 
the course of phase 3 by a scientist 
whose major ties are within the bound- 
aries of the country in which he works. 
Ideally, he will (i) receive most of his 
training at home; (ii) gain some respect 
for his calling, or perhaps earn his 
living as a scientist, in his own coun- 
try; (iii) find intellectual stimulation 
within his own expanding scientific 
community; (iv) be able to communi- 
cate easily his ideas to his fellow scien- 
tists at home and abroad; (v) have a 
better opportunity to open new fields 
of scientific endeavor; and (vi) look 
forward to the reward of national 
honors-bestowed by native scientific 
organizations or the government- 
when he has done superior work. 
These six elements are more in the na- 
ture of goals to be attained than com- 
mon characteristics of phase-3 science. 
Since phase 3 is marked by a con- 
scious struggle to reach an independent 
status, most scientists will not personal- 
ly achieve all of these goals, but there 
will be general agreement that an 
overt effort should be made to realize 
them. 

If a colonial, dependent scientific 
culture is to be exchanged for an in- 
dependent one, many tasks must be 

completed. Some of the more im- 
portant ones are as follows. 

1) Resistance to science on the basis 
of philosophical and religious beliefs 
must be overcome and replaced by posi- 
tive encouragement of scientific re- 
search. Such resistance might be ig- 
nored or circumvented by the colonial 
scientist, but it must be eradicated 
when science seeks a broad base of 
support at home. 

The slow development of science in 
China can be explained, in large 
measure, by the inability of modern 
science to displace Confucianism as the 
prevailing philosophy. Confucian 
thought stressed the importance of 
moral principles and human relation- 
ships and discouraged systematic study 
of the natural world. The Confucian 
rejection of scientific knowledge is 
epitomized in a poem written in the 
early 19th century by a Chinese digni- 
tary (35): 

With a microscope you see the surface of 
things. 

It magnifies them but does not show you 
reality. 

It makes things seem higher and wider, 
But do not suppose you are seeing the 

things in themselves. 

Attitudes of this sort persisted in China 
until the end of the 19th century, at 
which time the Confucian ideals were 
decisively challenged and gradually re- 
placed by value systems closer to the 
spirit of Western science (36). 

2) The social role and place of the 
scientist need to be determined in order 
to insure society's approval of his la- 
bors. If science in general, or some 
aspect of the scientist's work, is con- 
sidered suitable only for the socially in- 
ferior, the growth of science may be 
inhibited. When Louis Agassiz visited 
Brazil in 1865 he was surprised to find 
that the higher social classes held a 
strong prejudice against manual labor. 
This prejudice had its effect upon the 
development of science in Brazil. Agas- 
siz noted (37) that as long as Brazilian 
"students of nature think it unbecoming 
a gentleman to handle his own speci- 
mens, to carry his own geological 
hammer, to make his own scientific 
preparation, he will remain a mere 
dilettante in investigation" (see Fig. 4). 
The Brazilian naturalists were thorough- 
ly acquainted with "the bibliography 
of foreign science," but their social 
mores cut them off from "the wonder- 
ful fauna and flora with which they 
[were] surrounded." Prejudices so deep- 
ly rooted in the social structure are 
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not likely to be removed easily, and 
science is retarded. 

3) The relationship between science 
and government should be clarified so 
that, at most, science receives state fi- 
nancial aid and encouragement and, 
at least, government maintains a neutral 
position in scientific matters. The his- 
tory of Japanese science affords ex- 
amples of the several possibilities in a 
government's response to science. West- 
ern science was suppressed by the 
Japanese government in the 17th cen- 
tury, partially accepted in the 18th cen- 
tury, and then enthusiastically support- 
ed after 1868. At no time was the 
Japanese government reacting to the 
general will of its people. 

In those nations where public opinion 
is more instrumental in the shaping 
of government policy, state aid to sci- 
ence will depend upon the citizen's 
evaluation of the significance of science. 
This was the case in Australia in the 
1830's, when there was some hope 
for the establishment of a national 
geological survey. A Sydney news- 

paper, however, expressed the prevail- 
ing sentiment when it declared edi- 
torially (38): "Zoology, Mineralogy, 
and Astronomy, and Botany are all 
very good things, but we have no great 
opinion of an infantile people being 
taxed to support them. An infant colony 
cannot afford to become scientific for 
the benefit of mankind." Scientists seek- 
ing the help and recognition of the 
state have, until recently, found it dif- 
ficult to justify the expenditure of pub- 
lic funds to promote scientific research. 

4) The teaching of science should 
be introduced into all levels of the edu- 
cational system, provided, of course, 
an adequate educational system already 
exists. This will entail the building, 
staffing, and equipping of schoolrooms 
and teaching laboratories; the training 
of science teachers and of instructors 
in supporting disciplines; the produc- 
tion of science textbooks in an appro- 
priate language; and the founding of 
libraries of science. Education in the 
sciences is not enough; a parallel pro- 
gram must be instituted to train the 
"foot soldiers of the scientific army"- 
the technicians, instrument makers, and 
their like. These changes can only be 
made if they are judged worth while 

by society, and if they are not too 
strongly opposed by conservative educa- 
tors who are committed to other edu- 
cational patterns. In view of the many 
possible sources of resistance to innova- 
tion in education, the creation of ade- 
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quate programs in the teaching of sci- 
ence must necessarily be a long-term 
process. It is for this reason that 
American scientists were still seeking 
European scientific training after the 
United States had acquired many of 
the other features of an independent 
scientific tradition. 

5) Native scientific organizations 
should be founded which are specifical- 
ly dedicated to the promotion of sci- 
ence. These would include general pro- 
fessional associations, working for the 
advancement of the whole scientific pro- 
fession; specialist societies, serving the 

particular needs of men engaged in re- 
search within a given field of science; 
and elite, honorific organizations, pro- 
viding rewards for those who make 
the greatest contribution to the ad- 
vancement of science. Scientific societies 
have always been closely associated 
with Western science; the foundation, 
in the 17th century, of the Accademia 
del Cimento, the Royal Society of 
London, and the Academie des Sciences 
is usually cited as one proof of the 

emergence of modern science in that 
era. 

Napoleon Bonaparte acknowledged 
the importance of scientific societies 
when he founded the Institut d'Egypte, 
patterned after the major contemporary 
French scientific society, the Institut 
de France. Determined to bring the 
science of Western Europe to the 
ancient Near East, he attempted to 
recreate the Institut de France in 

Egypt in the hope that the new or- 

ganization would play a part in the 

growth of Egyptian science as important 
as the part its progenitor had played 
in France. Military defeat (1801) ended 

Napoleon's plans, and it is doubtful 
whether the Institut alone could have 
carried the burden of introducing West- 
ern science into Egypt (13, 39). Never- 
theless, Napoleon was correct in be- 
lieving that scientific organizations were 
crucial to the establishment of modern 
science in a land hitherto untouched 

by Western influence. 
6) Channels must be opened to facili- 

tate formal national and international 
scientific communication. This can be 

accomplished by founding appropriate 
scientific journals and then gaining their 

widespread recognition. Many problems 
are likely to be encountered here (40). 
A scientific journal cannot flourish un- 
less there are enough scientists and 
subscribers to fill its pages and pay its 
costs. Even if the requisite number of 

potential contributors exists, there re- 

mains the question of its prestige. The 
colonial scientist, who is accustomed 
to writing for established European sci- 
entific journals, may not wish to jeop- 
ardize his international reputation by 
reporting his work in an unknown na- 
tive periodical. Will the 18th-century 
American scientist, or his counterparts 
in 19th-century India or Australia, 
whose contributions appear in the 
Philosophical Transactions of the Royal 
Society of London, be satisfied to 
write for a natively produced periodi- 
cal with few readers and little in- 
fluence? 

Finally, there are the difficulties pre- 
sented by language. Should national 
pride dictate that the contributions to 
the new journal be printed in the 
mother tongue when that language is 
not familiar to Western Europeans, or 
should some concession be made in or- 
der to gain European readers? This 
was the question faced by the found- 
ers of scientific periodicals in Japan, in 
China, and (in the case of Rumania) 
in Central Europe (41). Despite these 
problems, it is important that a country 
struggling to create an independent sci- 
entific tradition should publish journals 
of science filled with the researches of 
its own scientists. 

7) A proper technological base 
should be made available for the growth 
of science. Western Europe had reached 
an advanced state of technical progress 
when modern science first made its ap- 
pearance, and since that time it has 
been assumed that the two are funda- 
mentally related. The exact nature of 
that relationship has not as yet been 
revealed by historians of science and 
technology. 

Even without clear guidelines it is 
possible to indicate some of the links 
between science and technology that 
are significant for this discussion. A na- 
tion hoping to be self-sufficient in the 
realm of science certainly must main- 
tain a level of technology that will 
produce the scientific instruments and 
apparatus needed for research and 
teaching. That this level is not to be 
reached without some difficulty is 
proved by the American example. Eu- 
ropean technology was transmitted to 
North America by the early settlers, 
but the colonies were slow to develop 
a craft tradition that specialized in the 
construction of scientific instruments for 
purposes other than navigation and sur- 
veying. Fine scientific instruments, to 
be used by American scientists in re- 
search, teaching, and exploration, were 
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customarily purchased in England and 
France until the second half of the 
19th century (42). If America found it 
necessary to rely on Europe, one can 
imagine that an African or Asian cul- 
ture, existing beyond the influence of 
Western technology, would find it much 
more difficult to reach the desired tech- 
nological level and make its own in- 
struments. 

Economic determinists, along with 
some historians of technology, argue 
that technology has more to offer sci- 
ence than a mere collection of scien- 

tific instruments. They say that tech- 
nology poses the very problems that 
dominate a scientific field in a given 
era. For the most part, historians of 
science reject this external interpreta- 
tion and concentrate on the internal, 
conceptual development of science. If 
technology does direct scientific inquiry, 
as the first group contends, then it 
will be the overriding factor in the es- 
tablishment of an independent scientific 
culture; if it does not, then it should 
be reduced to its role of provider of 
gadgetry for the scientist. 

These are the extreme positions, but 
there is the possibility of a compromise 
that calls for a recognition of the 
complexity of the relationship between 
science and technology and demands 
a more subtle analysis. A proponent 
of this compromise will ask that the 
following investigations be made. First, 
we should determine to what extent a 
lifelong familiarity with a variety of 
machines prepares and predisposes an 
individual or culture to accept and ex- 
tend the predominantly mechanical 
view of the physical universe 
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Fig. 4. Nineteenth-century Brazilian naturalists, disdaining manual labor, assigned their Negroes the job of collecting and preparing 
specimens. [From D. P. Kidder, Sketches of Residence and Travels in Brazil (Philadelphia, 1845), vol. 1, p. 129, reproduced with 
permission of the University of Texas Library] 
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bequeathed to us by the founders of 
modern science. Second, we should 
study the products of technology not 
merely as mechanical contrivances de- 
signed to fulfill specific, limited pur- 
poses but as cultural complexes that 
carry with them the attitudes, skills, 
and ideas of the culture that produced 
them. The latter topic has been ex- 
plored in a recent book on the intro- 
duction of steamboats on the river 
Ganges in the 1830's (43). These ves- 
sels provided far more than a rapid 
and effective means of transportation. 
They were vectors of Western civiliza- 
tion carrying Western science, medi- 
cine, and technical skills into the in- 
terior of India. In exploring these two 
topics we are likely to uncover the na- 
ture of the links between science and 
technology and learn more about the 
technological underpinnings of an in- 
dependent scientific tradition. 

Any one of the seven tasks listed 
above would present major problems 
for those who wished to gain an in- 
dependent stronghold for modern sci- 
ence. Collectively, they present so se- 
vere a challenge that even a concerted 
effort on the part of the scientists will 
not soon bring noticeable results. Be- 
cause of the difficulties involved in the 
completion of the tasks, I speak of a 
"struggle to establish an independent 
scientific tradition," and I illustrate it 
by the slowly rising curve of phase 3 
(Fig. 1). Note, however, that, if the 
outcome of the struggle is successful, 
the curve rises abruptly, signifying the 
emergence of the nation among the 
leaders of world science (44). 

If my analysis of phase 3 is cor- 
rect, then we should find that the non- 
European nations, after a long period 
of preparation, have only recently ap- 
proached the supremacy of Western 
Europe in science. The leadership 
achieved by Western Europe at the 
time of the Scientific Revolution was 
not challenged until the United States 
and Russia emerged as leading scientific 
nations in the period between world 
wars I and II. America first gained 
scientific eminence in the fields of ge- 
netics and big-telescope astronomy. In 
1921 the English geneticist William 
Bateson, commenting upon recent 
American contributions to genetics, was 
moved to say in his address to the 
American Association for the Advance- 
ment of Science (45): "I come at this 
Christmas Season to lay my respectful 
homage before the stars that have 
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arisen in the West." The stars were 
the American biologists who had final- 
ly attained European recognition with 
their work in a new field of science. 
Physics in America came of age within 
two decades of Bateson's speech. Re- 
calling the state of American physics 
in 1929, and testifying to the bene- 
ficent influence of J. R. Oppenheimer 
upon its maturation, I. I. Rabi re- 
marked (46): "When we first met in 
1929, American physics was not really 
very much, certainly not consonant with 
the great size and wealth of the coun- 
try. We were very much concerned 
with raising the level of American phys- 
ics. We were sick and tired of going 
to Europe as learners. We wanted to 
be independent. I must say I think that 
our generation . . . did that job, and 
that ten years later we were at the top 
of the heap." 

Contrary evaluations of Soviet sci- 
ence offered by friends and foes of the 
Communist ideology (47) have made 
it difficult to determine objectively the 
state of science in the U.S.S.R. In 
the 1940's, proponents of planned econ- 
omy and planned science hailed Soviet 
scientific achievements, while op- 
ponents, pointing to the damaging in- 
fluence of ideology on the biological 
sciences, held little hope for science in 
a totalitarian regime. Russia's advance- 
ment in weaponry and space tech- 
nology during the next decade left no 
doubt that a strong program in basic 
science supported these technical feats. 
Critics might still complain of a bias 
toward applications in Soviet science, 
and point to the relatively small num- 
ber of Russian scientists who have won 
the Nobel prize, but there is general 
agreement that the U.S.S.R. has taken 
her place as one of the leaders of world 
science (48). 

After several centuries of contact 
with European science the United 
States and the U.S.S.R. finally reached, 
and in some cases surpassed, the science 
of the Western European nations. This 
cannot be said of any other land outside 
of Western Europe. Japan, Australia, 
and Canada have shown signs of vigor- 
ous scientific growth, but they definite- 
ly rank below these two nations. China, 
India, and perhaps some South Ameri- 
can and African countries may be 
placed in a third grouping of nations 
with great potential for future scientific 
growth and with major obstacles to be 
overcome before, they establish their 
independent scientific cultures. 

Conclusion 

There is no need to summarize the 
features of this simplified model, which 
describes the manner in which modern 
science was transmitted to the lands 
beyond Western Europe. The graph of 
Fig. 1 and the examples drawn from 
science in various lands should have 
made them clear. It may be in order, 
however, to reiterate that there is noth- 
ing about the phases of my model that 
is cosmically or metaphysically neces- 
sary. I am satisfied if my attempt will 
interest others to go beyond my crude 
analysis and make a systematic investi- 
gation of the diffusion of Western sci- 
ence throughout the world. 

Such an investigation would include 
a comparative appraisal of the develop- 
ment of science in different national, 
cultural, and social settings and would 
mark the beginnings of truly compara- 
tive studies in the history and sociology 
of science. The present lack of com- 
parative studies in these disciplines can 
be attributed to the widespread belief 
that science is strictly an international 
endeavor. In one sense this is true. 
As Sir Isaac Newton remarked in his 
Principia (49), "the descent of stones 
in Europe and in America" must both 
be explained by one set of physical 
laws. Yet, we cannot ignore the peculiar 
environment in which members of a 
national group of scientists are trained 
and carry on their research. 

While I do not hold with the Nazi 
theorists that science is a direct reflec- 
tion of the racial or national spirit (50), 
neither do I accept Chekhov's dictum 
(51) that "there is no national science 
just as there is no national multiplica- 
tion table. . . ." In emphasizing the in- 
ternational nature of scientific inquiry 
we have forgotten that science exists 
in a local social setting. If that setting 
does not decisively mold the concep- 
tual growth of science, it can at least 
affect the number and types of in- 
dividuals who are free to participate 
in the internal development of science. 
Perhaps the effect is more profound; 
only future scholarship can determine 
the depth of its influence. 
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Program Enters Critical Phase 
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Although school children are taking 
a variety of tests, from standardized 
achievement tests in reading and other 
subjects to "college boards," none of 
the testing now being done provides a 
uniform, nation-wide measure of edu- 
cational achievement. The idea that the 
results of the taxpayer's huge, multi- 
billion-dollar investment in education 
should be systematically assessed 
through a national testing program is 
not terribly radical. Yet the first effort 
to initiate such a program faces opposi- 
tion from a number of members of the 
educational establishment who contend 
that it would generate coercive pres- 
sures leading to a "national curriculum." 

The object of these fears is the ex- 
perimental "National Assessment of 
Educational Progress" (NAEP), a pro- 
gram which was begun in mid-1964 
under Carnegie Corporation sponsor- 
ship and which has now reached a 
phase where answers will have to be 
forthcoming to several major questions 
-all more or less controversial. First, 
judgments must be made as to the value 
and administrative feasibility of the 
tests and sampling techniques which 
have been developed. Second, if cur- 
rent tryouts of the test instruments 
prove satisfactory, what kind of body 
will actually administer the national as- 
sessment? Third, who will finance the 
assessment? 

The controversy over NAEP seems 
to arise partly from the circumstance 
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that the program has come along at a 
time when the federal role in educa- 
tion is expanding rapidly. Through 
new programs such as the Elementary 
and Secondary Education Act of 1965, 
the government has become a major 
force in shaping the policies of local 
school districts. Although under private 
auspices, the NAEP program grew out 
of a proposal made to the Carnegie 
Corporation in 1963 by Francis Keppel, 
who was then U.S. Commissioner of 
Education. It got under way the next 
year when Carnegie, after holding a 
series of conferences with school peo- 
ple and testing experts, set up an Ex- 
ploratory Committee on Assessing the 
Progress of Education. Ralph W. Tyler, 
director of the Center for Advanced 
Study in the Behavioral Sciences at 
Stanford, was named chairman. 

The Tyler committee, which has sev- 
eral state and local school administra- 
tors among its members, has called on 
teachers, curriculum specialists, and 
others in the education establishment 
and interested lay public to help in de- 
veloping and reviewing the NAEP tests. 
However, a number of school adminis- 
trators-aware that some day NAEP 
might exercise a strong influence on 
their districts-have felt left out. 

Some observers of the internal poli- 
tics of the education establishment be- 
lieve that the Tyler committee blun- 
dered in not involving the American 
Association of School Administrators 
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(AASA) in the NAEP project early in 
the game. As matters have developed, 
much of the opposition has come from 
association leaders, such as Forrest E. 
Conner, the executive secretary, and 
Harold Spears, immediate past presi- 
dent of AASA and superintendent of 
the San Francisco schools. The associa- 
tion itself has adopted resolutions op- 
posing some key elements in the NAEP 
concept. However, given AASA's atti- 
tude, it is arguable whether or not the 
association could have been drawn into 
the project without hamstringing it. 

Tyler has said repeatedly that the 
purpose of NAEP is not to evaluate the 
performance of individual students, 
teachers, and school districts. The pur- 
pose, Tyler says, is to provide census- 
like data on the educational achieve- 
ment of broad segments of the school- 
age and young adult population. The 
present plan is to "assess a probability 
sample for each of 256 populations de- 
fined by the following subdivisions: 
boys and girls, four geographic regions 
[Northeast, South, Midwest, and Far 
West], four age groups (9, 13, 17, and 
adult), four divisions by large city, 
small city, suburban and rural classifi- 
cations, and two socio-economic levels." 
The sampling will include children in 
private as well as public schools. No 
comparisons will be made below the 
regional level, Tyler has emphasized. 

"The fact that populations are to be 
assessed and not individuals makes it 
possible to extend the sampling exer- 
cises far beyond that of an individual 
test in which the person takes it all," 
Tyler says. The tests will assess reading 
and writing skills, and knowledge and 
skills in the fields of science, mathe- 
matics, social studies, citizenship, art, 
music, literature, and vocational edu- 
cation. 

The assessment, which might be re- 
peated at 3- to 5-year intervals, would 
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