Science Museums

Artificial curiosities in the early collections included a broad spectrum of practical and scientific
technology—tools and utensils; locks and keys; lighting devices; clocks and watches; arms, armor,
and apparatus of warfare; musical instruments; globes, astrolabes, and navigational devices;
machines, automatons, engines, and mechanical models; telescopes, microscopes, and other
optical apparatus; magnetic and electrical equipment; and scientific or philosophical apparatus
and instruments devoted to mathematics, medicine, astronomy, chemistry, and physics. With the
coming of the Industrial Revolution in the eighteenth century and the advent of the world’s fairs
in the nineteenth, increased recognition came to the products of humankind's inventive mind,
and museums of technology and science arose. In contrast to natural history museums, science
museums sought and exhibited collections relating to technology and the physical sciences.

Some of these museums evolved into science centers, with less emphasis on preserving
collections for study and for future generations and more attention on educating the public
about science and its principles. Melanie Quin outlines four forms of science centers: “scientists’
workshop,” “technological trade fair,” “historical storehouse,” and “adventure playground.” She
suggests that many centers are a combination of these forms.! Others suggest that the term
science center is more appealing to potential visitors, as the word museum suggests stodgy halls
with static collections while centers are seen as sites for activity and engagement.?

The discussion that follows addresses first those museums that have emerged from
collections-based institutions, followed by those that originated as science centers, with the
emphasis on interactive exhibitions rather than historical collections. Readers should be aware
that both of these “types” of institutions are evolving and using techniques from both historical
traditions, sometimes in the same galleries.?

European Collections of Artificial Curiosities

Medieval and Renaissance collectors usually owned abundant artificial curiosities. Jean de france,
duc de Berry, had clocks, mechanisms, and scientific apparatus. Emperor Rudolph Il brought to
P_’ague great instrument makers such as Erasmus Habermel and Tycho Brahe, as well as the dis-
tinguished mathematician Johannes Kepler. Landgrave Wilhelm IV at Kassel collected instruments
anfi studied mathematics and astronomy, while August | in Dresden used his collection to form a
scientific research center in the famed Green Vaults of his palace.® Most of the seventeenth-century
Kalian scientific centers mentioned in chapter 3 had artificial as well as natural curiosities.’

Conservatoire National des Arts et Métiers

In the seventeenth century René Descartes suggested that the French government collect mod-
els of inventions for the instruction of artisans, but it was not until 1794 that the revolutionary
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National Assembly established the Conservatoire National des Arts et Métiers (CNAM). This
public depository of machines, inventions, models, tools, drawings, descriptions, and books op
the applied arts and trades was housed in the buildings of the old Priory of Saint-Martin-des-
Champs in Paris. The machines and models collected by the great engineer and inventor Jacques
Vaucanson and by the Academie Royale des Sciences (1666) were the core of the collection
that grew rapidly during the last half of the nineteenth century and received much material from
the various universal exhibitions. The chief divisions of the collection were physics, electrical
industries, geometry, weights and measures, mechanics and machines, transportation, chemical
industries, mining and metallurgy, graphic arts, textile arts, arts of construction, and agriculture,
and later industrial accident prevention and industrial hygiene. As early as 1819, the conservatoire
hired professors to give courses on applying science to arts and industries that in one year in
the 1860s enrolled 177,000 persons. About 1900, laboratories were established to test scientific
apparatus, building materials, machines, and vegetable substances. The conservatoire also pub-
lished a six-volume catalog of its holdings, between 1905 and 1910.

This educational emphasis remains today with CNAM providing courses for students
whether enrolled in formal educational programs or simply adults—especially workers—inter-
ested in learning about technology. Some of the courses also allow for validation through ex-
perience (course credit for experiential work). In 2010, the Vaucansen School, a grand ecole for
professionals who passed the baccalaureate, was founded.®

Resources include a central Paris museum and a library rich with materials relating to tech-
nology and industrial design. The modern museum, artfully fitted into the ancient Merovingian
site, features early aircraft, including the first helicopter; automobiles; the origins of photography;
motion pictures; radio and television; radar and the laser; and modern technology. it reports a col-
lection of eighty thousand objects and 150,000 industrial designs. Its displays complement older
rarities, such as the ornamental turning lathes that Peter the Great presented to the Académie
des Sciences, materials on the evolution of the Jacquard loom, apparatus from Lavoisier's labora-
tory, and Daguerre's early equipment. For today's visitors to Paris, the Musée des Arts et Métiers
offers the most traditional approach to displaying scientific and technological objects. That is
not to say that there are not computer monitors and other up-to-date exhibition techniques in
evidence. Of special interest is the program that brings working scientists into the galleries for
the purpose of explaining their research work to visitors,

National Museum of Science and Industry, London

British manufacturers and businessmen were concerned to see that workingmen received practical
technical education so as to produce more and better goods. Mechanics’ institutes and government
schools of design were established in the 1820s and 1830s, and sporadic trade exhibitions were
held to show how art and science could be applied to industrial products. The Royal Society of Arts
held several such exhibits, imitating those started in France. Henry Cole, versatile artist, musician,
litterateur, and civil servant, became convinced that the society should sponsor an international
exhibition so as to compare the industrial progress of many nations? Prince Albert, consort of
Queen Victoria and president of the society, eagerly embraced the idea, and his support was chiefly
responsible for bringing into actuality the Great Exhibition of the Industry of All Nations at London
in 1851. The “Crystal Palace” exhibition building—1,85t feet long and some 450 feet broad—en-
closed eighteen acres that included several large trees. The exposition was an enormous success;
in 120 days it attracted more than six million visitors. When it closed in October, unlike later world's
fairs, it had a surplus—186,000 pounds. The exhibition had beneficial effects on British industrial
design and international trade and inspired a series of world's fairs including the New York Crystal
Palace (1853) and the Philadelphia Centennial Exhibition (1876). In addition, regional expositions
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Claude-Marie Ferrier or Hugh Owen, view of west end of Crystal Palace, illustrated in Reports
by the Juries, London, Spicer Brothers, 1852, v. 2 frontis.
LIBRARY OF CONGRESS PRINTS AND PHOTOGRAPHS DIVISION, WASHINGTON, D.C. 20540 USA

Claude-Marie Ferrier or Hugh Owen, Crystal Palace, general view from transept, looking
west, illustrated in Reports by the Juries, London, Spicer Brothers, 1852, v. 1, frontis.
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showcasing art, design, and science were an important part of the exhibition imaginary.® Many of
these expositions influenced the museum movement; their collections and, in some instances, thejr
buildings were used to house museums.? _

The royal commissioners, at the urging of Prince Albert, invested the earnings of the Great
Exhibition in South Kensington real estate that adjoined the exposition site and eventually
helped build a museumn complex there. In 1857, the South Kensington Museum of Science and
Art opened; it contained much material from the Crystal Palace. Bennet Woodcroft, patent
commissioner, who gathered mechanical models in the Patent Office Museum, brought the
collection to South Kensington. Woodcroft preserved important historic equipment, including a
Necomen type of atmospheric engine (1791); the Boulton and Watt rotative beam engine (1788);
Arkwright's cotton-spinning machine (1769); Symington’s marine engine (1788); and the loco-
matives Puffing Billy (1813) and Stephenson’s Rocket (1829). The collection eventually went to
the South Kensington Museum. In 1909, when the building for the Victoria and Albert Museum
was completed, the National Museum of Science and industry (NMSI)—the Science Museum--
became independent, opening in its own buildings across Exhibition Road in 1928. The Science
Museum developed into one of the greatest museums of science and technology. It collected
important historical material relating to power technology, transportation, communication, and
manufacturing, creating large “taxonomic” collections of nineteenth-century industrial practices,
In the 1960s the museum added important elements of biomedicine to its collecting roster.

Today, the museum offers lectures, demonstrations, films, and special exhibits that strive to tell
the story of technological and medical achievernent spanning centuries and the globe. As told by
their mission, "We aim to inspire visitors with award-winning exhibitions, iconic objects and stories
of incredible scientific achievement"® The museum has excellent children’s programs, including
a children’s galiery that opened in 1931 with participatory exhibits and engaging programs, both
onsite and online. Today's version of that gallery, the Launch Pad, offers children interactive pro-
gramming both in the museum and through computer connections, at home or school. Children's
programs, whether for kids with their parents or school classes, encompass thematic tours, special
exhibition spaces, dramatic presentations within exhibitions, IMAX theater presentations, and even
supervised sleepovers. These children's programs are especially significant, as they reflect current
research into how young people learn. They balance current research and children’s interests with
historical artifacts relating to science and technology”

The NMSI has expanded in the last thirty years. The museum consists of four entities outside
of London as well: the Natijonal Railway Museum (York and Shildon); the Museum of Science
and Industry (Manchester); and the National Media Museum (West Bradford, England). Of
these, the Media Museum is of particular interest, as it crosses over between technology and
science and creative media. Here are 3.5 million items of historical significance across the fields
of photography, cinematography, and television. The Museumn of Science and Industry offers
exhibitions onsite and offsite experiments, such as summer 2016’s Pi: Platform for Investigation,
which brought science to the shopping center while offering platforms for conversations with No-
bel Prize-winning scientists.” Finally, the Railway Museum offers three hundred years of history
with more than one million objects. The site at Shildon opened in 2004 as a means of developing
tourism in the town that was the birthplace of the modern railway. The museum also provides
onsite access to archives and research through Search Engine, which enables visitors to view and
see otherwise previously unseen artwork, papers, reports, photographs, and small objects.?

The Deutsches Museum, Munich

The French and British established the first technical museums, but the Germans devised an
even more striking and influential one. Oskar von Miller, an outstanding engineer largely re-
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sponsible for the Bavarian grid electrical system, was the founder of the Deutsches Museum
von Meisterwerken der Naturwissenschaft und Technic (German Museum of Qutstanding
Achievements in Natural Science and Technology). As a young man in 1879, von Miller visited
the conservatoire in Paris and the Patent Office Museurn in South Kensington. In 1903, he pre-
sented a plan for a museum to illustrate the development of natural science and technology
and the vivid influence of invention and mechanical progress on society.” It was endorsed en-
thusiastically by leading industrialists and scientists, engineering and scientific organizations,
the National and Bavarian governments, and the city of Munich, The museum was housed for
many years in an old building of the Bavarian National Museum and expanded into a disused
infantry barracks. In 1903 the city gave it an istand, formerly used as a coal dump, in the river
Isar, where the kaiser observed the laying of the building’s cornerstone in 1906. The city,
Bavarian state, and German empire contributed millions of marks for construction. Industries
furnished building materials free or at cost, organizations of workers donated labor, and the
German railroads contributed transport; von Miller enjoyed his reputation as “the biggest
highwayman and sturdiest beggar in Christendom.” By 1913 the reinforced concrete structures
were complete, but war delayed moving the collections, and the new museum island building
did not open its 250,000 square feet of displays to the public until May 6, 1925, the seventieth
birthday of its founder.

The Deutsches Museum introduced many innovations in its effort to make science and tech-
nology understandable for the general public. At the entrance was a Science Hall of Fame with
likenesses of Germans such as Leibniz, Siemens, Krupp, and Kepler, as well as world scientists and
inventors from Arkwright and Stephenson to Thomas Edison. Full-scale original or reproduced
equipment was on display—for example, replicas of the Puffing Billy and Rocket locomotives in the
Science Museum, the first Siemens electric locomotive (1899), early automobiles by Benz (1885)
and Daimler (1886), and Edison’s electric-fighting apparatus (1879). A museum visitor pushing
buttons or turning cranks could animate many ingenious scale models. The principles of physics
and chemistry were demonstrated, and a dramatic electrical surge generator (1.3 million volts)
produced lightning flashes two meters long. The first Zeiss planetarium was installed, as well as
realistic reconstructed mines for coal, iron, and salt with full-sized shafts, drifts, and galleries.
The museum used period settings, such as an alchemist's laboratory and Galileo's study, as well
as dioramas that included a glassblower's workshop and a high-tension power plant.

After extensive post-World War I} reconstruction was completed in 1965, the Deutsches
Museum retained the traditional chronological presentation of objects of historical interest
but pioneered in offering ingenious and exciting exhibits and demonstrations of scientific laws
of nature and their application through contemporary technology. It encouraged technological
research with a fine scientific library of eight hundred thousand volumes, but its chief purpose
was informal education for the masses. In terms of exhibition area, the number and impor-
tance of its objects and collections, and the breadth of its stated aims and the multiplicity
of its activities, it is among the internationally leading scientific and technological museums.
And its status is sure to increase after extensive renovations (through 2025) as part of the
Future Initiative, which will modernize and transform the structure and exhibits even while
remaining partially open.’®

The influence of the Deutsches Museum has been pervasive and extensive. Its display tech-
niques for modern technology emphasize how science works today, and many smaller technical
Museums have concentrated on this aspect, largely giving up the goal of exhibiting historical
development, In the United States, the Smithsonian’s Museum of History and Technology (later
the Museum of American History); Chicago's Museum of Science and Industry; the Henry Ford
in Dearborn, Michigan; and San Francisco's Exploratorium all trace their origins not only to the
Deutsches Museum but also to its founder, Oskar von Miller. His interest in educating the public
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about science and technology within the museum setting continues to this day in these North
American institutions. The Technical Museum of Vienna used materials accumulated during
the International Exposition held there in 1873 and the 1908 Jubilee of Emperor Franz Joseph to
build support for the museum. It was greatly influenced by the Deutsches Museum, and when
it finally opened in 1918 it used many of von Miller's vivifying exhibition techniques. Its dynamic
director, Ludwig Erhard, used consultants from most of Austria’s trade organizations to build the
museum'’s collections.™

Franklin Institute Science Museum, Philadelphia

Philadelphia’s Franklin Institute, named to honor Benjamin Frankfin, was founded in 1824 as a me-
chanics' institute to dispense information on the useful arts. Located in independence Hall, it held
important industrial exhibitions, awarded prizes, conducted classes and lectures, accumulated a
library and a small technological museum with models and natural history specimens, and pub-
lished a journal. In 1918, it began to develop laboratories, where scientists carried on chemical,
biological, physics, and space research. The Franklin Institute opened its Fels Planetarium {only
the second planetarium in the United States) in 1933 and a year later its Science Museum. In the
Deutsches Museum tradition, the institute offered visitors interactive exhibitions. The institute's
giant-sized, walk-through human heart complete with sound effects opened in 1953, providing
visitors, especially young ones, an appreciation for the role of that organ in the health of us all.
Today, the Franklin Institute Science Museum's exhibitions, including a recently refurbished plan-
etarium with exhibitions relating to space and space exploration, focus on technology, science,
and medicine, and, in the tradition of Benjamin Franklin, human inventiveness”
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The Philadelphia Centennial and the Smithsonian Institution’s Technology Museums

The Philadelphia Centennial Exposition of 1876 was a six-month extravaganza paying tribute
to the hundredth anniversary of the Declaration of Independence. Five huge main buildings
devoted to industrial exhibits, machinery, agriculture, horticulture, and art, together with
250 smaller structures, were scattered through 233 acres of the broad reaches of Fairmount
Park. There were some thirty thousand exhibitors, including those from forty-one foreign gov-
ernments. Machinery Hall was especially impressive with its great seven-ton Corliss engine
started up by President Grant and Dom Pedro |1, emperor of Brazil, and furnishing power to
fourteen acres of clattering machinery that included printing presses, typecasting machines,
envelope makers, and pin-forming machines amid huge Krupp cannons, car wheels, water
pumps, boats, and locomotives. One enthusiastic reporter wrote, “Surely here, and not in
literature, science, or art, is the true evidence of man's creative power; here is Prometheus Un-
bound.” Federal, state, and city funds underwrote the cost of the fair to supplement concession
fees and admission revenue from more than eight million visitors."®

Many foreign and state governments donated their centennial exhibits to the Smithsonian,
and this flood of materials led to the erection of a National Museum Building (today the Arts and
Industries Building) completed in 1881. The Smithsonian regents in 1924 appealed to Congress
unsuccessfully for a “Museum of Engineering and Industry.” At last, in 1955, Leonard Carmichael,
the institution's seventh secretary, persuaded Congress to appropriate funds for a new National
Museurn of History and Technology that opened in 1964 (its name changed to the National
Museum of American History in 1980). At the Museum of History and Technology, the chief
science and technical displays included military ordnance, graphic arts, photography, musical
instruments, farm machinery, road vehicles, American merchant shipping, bridges and tunnels,
heavy machinery, electricity, tools, timekeepers, record players, typewriters, locks, physical sci-
ences, medical sciences, manufactures, textiles, petroleum, nuclear energy, coal, iron, and steel.
Full-scale original objects—including a railroad engine built into the building—meticulously built
scale models, period rooms and shops, visitor-activated demonstrations, and motion pictures are
used in interpreting these subjects.

This U.S. hybrid science and technology museum sought to address the gulf between history
and technology, making manifest the American notion that technology is a “civilizing force” in
the nation's development. The museum balances exhibitions of technology with historical top-
ics, sometimeas combining the two with temporary exhibitions such as Science in American Life.
Today the museum's mission states that it “dedicates its collections and scholarship to inspiring
a broader understanding of our nation and many peoples. We create learning opportunities;
stimulate imaginations, and present challenging ideas about our country's past.” Opened in
1994, the Lemelson Center for Invention and Innovation continues the museum’s commitment
to technology through its exhibitions, both in-house and traveling, and research and programs
that meet its mission of “exploring invention and innovation through stories, activities, and re-
zsearch." Chief among these is the Video Game Archive, a recent initiative to record oral-history
Interviews with the first-generation inventors of the videogame industry.® Launched in 2008,
SparkiLab is an initiative to connect children from six to twelve years old to “collaborate, explore,
test, experiment, and invent” with its national network that seeks to bring this kind of hands-on
STEM-focused learning to the nation.*”

National Air and Space Museum

Before the creation of the Smithsonian's Museum of History and Technology, the institution's Arts
and Industries Building displayed the famed Wright Brother's Flyer (1903), Langley's Aerodrome Six,
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Charles Lindbergh's Spirit of St. Louis, Robert Goddard's first successful rocket, and numerous other
examples of air and space equipment until the National Air and Space Museum on the National
Mall was completed in 1976. Today, it houses many of the icons of flight, including those mentioneg
above as well as Chuck Yeager's Bell X-1, John Glenn's Friendship 7 spacecraft, and the Apollo 11 cormn-
mand module. In addition to this aeronautical and space hardware are materials that relate to man'’s
centuries-old fascination with traveling in and through the air around us. There's even a "moon
rock” for visitors to touch. On the National Mall visitors enjoy engaging permanent and temporary
exhibitions, a children’s gallery on flight, and an IMAX theater, along with a planetarium show. The
museum’s Center for Earth and Planetary Studies is the scientific research unit of the museum.

In addition to the site on the National Mall, the Air and Space Museum's Steven F. Udvar-Hazy
Center in Chantilly, Virginia, near Washington Duiles International Airport, opened in December
2003. Its hangar-sized buildings permit the display of many more artifacts including a Lockheed
SR-71 Blackbird, a Concorde, the Boeing B-29 Enola Gay, and the space shuttle Discovery. In addi-
tion to the artifacts on display, the center has an IMAX theater as well as an observation tower
that yields 360-degree views of the nearby airport. In addition, the center serves as the site for
preservation work—which can be observed by visitors. The museum has numerous online, onsite,
and downloadable resources to enable parents and teachers to connect their children with the
STEM learning and creativity afforded through science and space exploration.?'

While the collections hold more than 44,000 aviation artifacts, 17,000-plus space-related
artifacts, and 4,700-plus works of art, some are more notorious than others. In 2015, the mu-
seum launched a successful crowdfunding campaign on the platform Kickstarter to raise funds
to conserve Neil Armstrong's Apollo 11 spacesuit and Alan Shepard’s Mercury spacesuit for ex-
hibition. Called “Reboot the Suit," the campaign involved more than nine thousand contributors
who, in the process of pledging funds, shared memories of this garment that enabled Armstrong
to mission in 1969. Because the goal of $500,000 was reached within just five days, the mu-
seum employed the development officer's dream of tacking on a “stretch” goal by asking for an
additional $200,000 for Shepherd's suit. Funds raised have been put toward conservation and
have funded research and a custom-built mannequin and display for the show Destination Moon
to open in 2020. On this first occasion of such a crowdfunding campaign, the Smithsonian un-
derscored the power of objects to make connections with their audience while tapping into the
potential of technologies and the web to reach unknown potential donors,2

The Museum of Science and Industry, Chicago

Julius Rosenwald, head of Sears, Roebuck and Company in Chicago, took his family to Munich
in 1971 where he met the enthusiastic von Miller. Rosenwald continued visiting him through the
years, and in 1921 he told the Chicago Commercial Club “that Chicago should have . .. a great
Industrial Museum or Exhibition” with “machinery and working models illustrative of as many
as possible of the mechanical processes of production and manufacture "2 By 1926 the museum
was incorporated, Rosenwald had given it $3 million, and the Chicago South Park Board had
earmarked $3.5 million of a bond issue to renovate for its use the crumbling Palace of Fine Arts,
a building left from the Columbian Exposition of 1893 and once used by the Field Museum of
Natural History. In June 1933, during the Chicago centennial world's fair, “A Century of Progress,”
the museumn managed to open partially, featuring a simulated coal mine complete with operating
mine “cage elevator,” shaft, mine train, and working face of a coal seam.

By 1940, the museum board elected as its president Lenox R. Lohr, who had successfully
managed “A Century of Progress” and had since been serving as president of the National Broad-
casting Company. Lohr combined the qualities of the hard-driving, tough businessman and the
imaginative promoter. He did everything he could to build attendance, which in 1939 was about
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470,000; he believed that if it could reach a million, then more industry would be attracted to
design and install significant technological displays. He thought 90 percent of the exhibits should
be devoted to the present, only 10 percent to the past, and that 10 percent of the total shouid
change each year. In exchange for a company's planning and erecting an exhibit, the museum
would guarantee to show it for at least five years, would charge the company a fixed yearly fee
that would reimburse the museum for operating, maintaining, and demonstrating it, and would
give the company credit with an appropriate and discreet label. The museum would have full con-
trol of the exhibit to see that it met its standards of truthfulness, clarity, and educational purpose.
This was, essentially, a world's-fair approach to the technical museum and required no curators
but much imaginative showmanship and excellent public relations and promotion.

Today the museum boasts fourteen acres of inquiry, “400,000 square feet of hand-on ex-
hibits designed to spark scientific inquiry and creativity."?* Exhibits include You! The Experience,
which examines the human body as well as the experiences, choices, personality, and environ-
ment through a thirteen-foot-tall, animated heart beating in real time! Other exhibits include a
model railroad, a submarine, and a mineshaft in addition to examinations of sustainable futures.?s

The Henry Ford, Dearborn, Michigan

At the start of the twentieth century, automobile industrialist Henry Ford began to accumulate
vast stores of cultural and industrial Americana, including historic American buildings. He ar-
ranged his collections at Dearborn, Michigan, into two sections—an outdoor or open-air histori-
cal village similar to the Scandinavian folk museums, and an indoor museum extending behind a
reproduction of Philadelphia's Independence Hall, Carpenter’s Hall, and Old City Hall. Together
these facilities, known as Greenfield Viliage, would show the story of progress through displays
while the village would show use—two sides of the same coin as Ford wished to show “the history
of our people as written into things their hands made and used,” and he argued that “a piece of
machinery, or anything that is made is like a book, if you can read it."

Construction on the first buildings at Greenfield Village began in 1928 and came to include
craft and early machine shops, as well as the cycle shop of the Wright brothers, the re-creation
of the New Jersey lab where Thomas Edison invented his electric lighting system, and birth-
Places and buildings associated with ingenuity. Most important of all in showing technological
development was the Mechanical Arts Hall, an eight-acre teakwood expanse with serried rows
of machines and apparatus devoted to agriculture, domestic arts, lighting, power, machinery,
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communications, and transportation. All objects are full scale; most of them are original, byt
there are a few reproductions.

By the mid-1930s, the Village shops were staffed by peaple demonstrating traditional craft
skills—including glassblowers, blacksmiths, and potters. Though Ford's museums contained
many historical, architectural, and decorative arts materials, they were especially rich in import-
ant American and British items of industrial development. The twelve-acre museum contained
a vast collection of largely uninterpreted artifacts that may have given the ordinary visitor visual
and intellectual indigestion, but we are indebted to Ford for recognizing their value as historical
evidence. Today, modern exhibition techniques have transformed the setting and its objects
inte comprehensible and valuable evidence of mainly British and American inventiveness. This
section of the Henry Ford is most like a traditional science and technology museurn, while the
village area, with its blend of museum types, reflects history museum traditions and practices

Science Museum, Boston

Emerging from a nineteenth-century natural history society in Boston, the Museum of Science
Boston, today takes its place as a leader in science museums. Following World War II, the muse-
um's leaders expanded the scape of the “society” to encompass science and technology in add;-
tion to natural history. This change was made manifest when the museum relocated from Boston's
Back Bay to the shores of the Charles River, forming a science park. Progress continued throughout
the decades. With its 1951 expansion, the museum sought to address all the sciences within a sin-
gle building. Subsequent additions—including an IMAX theater; the Charles Hayden Planetarium,
the most technologically advanced digital theater in the region, which offers evening astronomy
activities; a 4D theater that combines 3D features with extrasensory elements (such as weather
effects) to give an immersive experience; flight simulators that afford 360 degrees of pitch; and
the butterfly garden that enables observation of the four stages of the butterfly life cycle.?’

Science Centers

Museums of science and technology emerged from the traditional enlightenment museum form,
simply changing the exhibitions from those of natural objects to man-made phenomenaon but
continuing the overall purpose to aid visitors in understanding the world around us. Perhaps more
than any other museurn space, science centers hold particular importance, as they play a central
role in the public understanding of science and offer engaging contexts for informal learning that
are many times immersive and high tech, as well as hands on.

The earliest science centers opened their doors in the 1930s at the height of pubtic appreci-
ation for the contributions of science (and technology) to daily comfarts. These centers, in many
instances, emerged from international expositions where a nation's technological muscle was
on display.

John Beetlestone et al. have traced the lineage of science museums across two lines:
the grand museums, such as London's Science Museurn and Deutsches Museum, Munich,
and Chicago, and the hands-on approach developed in North America during the height of
the space race. As Sheila Grinnell has noted, "In the late 1960s, after the decade of reform
in science education that followed Sputnik’s launch in 1957, several institutions opened that
elaborated on the concept of interactivity. The Exploratorium in San Francisco, and the On-
tario Science Center near Toronto eschewed historical and industrial collections in favor of
apparatus and programs designed to communicate basic science in terms readily accessible
to visitors." The premise was that engagement through experience would serve to stimulate
original thinking about science.?®
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Today, the range of exhibits include didactic and interactives, so-called “didacteractive,”
versus an enabling or empowering exhibit that may have multiple outcomes as a result of the
high level of creative contribution.*® With more than 1,400 science and technology centers world
wide, the range of opportunities and contexts is incredible, though a commonality is their focus
on informal learning, as described by the Association of Science-Technology Centers. Founded
in 1973, the ASTC is “a global organization providing collective voice, professional support, and
programming opportunities for science centers, museums, and related institutions, whose inno-
vative approaches to science learning inspire people of all ages about the wonders and meaning
of science in their lives.” With six hundred members in fifty countries, the organization's alliances
and partnerships, publications, and professional development champion informal learning, the
building black of the museumn experience, by supporting the work of science centers, nature
centers, museums, zoos, botanical gardens, and children's museums.3°

Science and technology museums are inheritors of the extended subject area broadly known
as STEM that includes engineering and math. Other extensions include STEAM, with the addition
of art; SHTEAM, with the addition of history and art; and STREAM, with the addition of reading
and art. While these fields have been around for a long time, their acronyms are a recent addition,
and their presence (and even frequency of use) indicates that ways in which our environments
indicate the value and strength of interdisciplinary learning. In fact, recent funding opportunities
from the Institute for Museum and Library Services and the National Science Foundation pay
heed to the connections between STEM learning and museums. The NSF, for instance, supports
a number of museum exhibits, including Race: Are We So Different?—a traveling exhibition that
locks at the science, history, and lived experience of race and racism in the United States—and
a number of exhibits at specific institutions, including CS/: The Experience, an investigative and
scientific principles-based crime scene mystery based at the Fort Worth Museum of Science
and History, and Skyline, an interactive exhibition at the Chicago Children's Museum that enables
visitors to design a skyscraper while learning STEAM. Projects such as these demonstrate how
the successful integration of arts-based and interdisciplinary programs serves to recognize and
value different approaches to learning in science-based disciplines.?

As varied as the exhibits within them, so are the names of these institutions, which do not
necessarily mention scierce, technology, or even museum or center; they can be as innovative as
the centers’ collections and programming. Perhaps we might best think of these kinds of institu-
tions in broadest terms and consider them STREAM (Science, Technology, Reading, Engineering,
Arts, and Math) Centers rather than limiting them only to informal STEM learning. ®

Ontario Science Centre, Canada

The Ontario Science Centre opened in Toronto in 1969 to celebrate Canada's centennial.®
Housed in an architectural complex of three extremely innovative buildings, it has welcomed
More than fifty million visitors since its opening. Though it has a few historical technological ex-
hibits, its director declares its purpose is "to take science out of the laboratory and put it where
Casual browsers could observe and experience some of its challenge for themselves.” The center,
Sometimes described as a push-button science adventure land, treats not only physical science
and technology but also natural history, medicine, music, and the theater, and it operates an
?fbt_nretum, an indoor rainforest exhibition, and an aquarium, With more than six hundred exhib-
s, it provides the largest museum-based education program in Canada, with more than forty
Curriculum-based school programs annually. In 2003 the Centre opened a “Kidspark” for children
under eight years old that proved so popular that it doubled in size by 2005. Under the principle
of “Agents of Change,” the Centre completed a renovation in 2007 that revitalized a third of the
Public spaces and brought into focus an entirely experimental family innovation center. In 2015,
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the Nature Escape, four acres of outdoor space, opened, as did the temporary exhibit To Be an
Astronaut, which traces Canadian space history and its importance to STEM education. Other
exhibitions have focused on the human body and the magical world of Hogwarts in Harry Potter-
The Exhibition, thus heeding the connections between spectacle and science.3

Exploratorium, San Francisco

Oskar von Miller of Munich’s Deutsches Museum personally influenced founders of other sci-
ence and technology museums (as mentioned here, Henry Ford and Julius Rosenwald) and, more
recently, physicist Frank Oppenheimer, creator and founder of the Exploratorium in San Francisco,
From his position as a professor at the University of Colorado, Oppenheimer envisioned a new
sort of museum that addressed the interests of learners and their curiosity about the world
around them. He called it a Museumn of Science, Art, Industry and Craft (MOSAIC)—generically,
“an exploratorium,” a place where visitors could understand the world by exploring it themselves.
Oppenheimer acknowledged that a visit to the Deutsches Museum sparked his thinking about
how museums could "teach” their visitors.

In 1968 the Exploratorium opened in the abandoned buildings of the Pan-American Exposi-
tion in San Francisco.” The early exhibitions were “works in progress” that captured the imagi-
nation of the few visitors that found their way to the door. Youthful explainers within the exhibit
spaces offered explanations and guidance to visitors when asked. Oppenheimer explained the
Exploratorium's purpose: "It should be a place where people come both to teach and to learn."3%
Today, the Exploratorium and Oppenheimer's vision of the dynamic role museums can play in en-
gaging their visitors are models for other institutions worldwide. The Exploratorium pronounces
its broadest service by stating that it “create(s) tools and experiences that help you to become
an active explorer: hundreds of explore-for-yourself exhibits, a website with over 50,000 pages
of content, film screenings, evening art and science events for adults, plus much more. We also

Expleratorium at Pier 15, San Francisco, March 20, 2013
FLICKR USER LENORE EDMAN, CC BY 2.0, HTTPS: //WWW FLICKR COM/PHOTOS/LENORE -M/8607314315,,
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create professional development programs for educators, and are at the forefront of changing the
way science is taught. We share our exhibits and expertise with museums worldwide." Truly, the
onsite and online as well as takeaways are critical to the Exploratorium’s practice.¥

Onsite, the center offers six main galleries with interactive exhibits alongside an observation
area called Exhibit Workshop where visitors can look at exhibits in the making.’® The museum
also offers teaching and learning tools that provide museum professionals across the world with
simple ways to illustrate scientific principles, whether in community-based children’s museumns
or larger regional science centers. The resources include the websites (and microsites within
the Exploratorium’s main site); a learning commons for educators alongside a digital library of
pdfs, movies, podcasts, and other media; publications focusing on formative evaluation, arts in-
tegration, and maore focused tapics; downloadable apps that can be used as teaching tools; and
descriptions and instructions on how to build mini-versions (a.k.a. “snacks") of Exploratorium
exhibits.®® [n addition, the Exploratorium is seen as the prototype for more than one thousand
hands-on, participatory institutions worldwide.*®

Teknorama, Heureka, and Experimentarium

Past president of the ASTC and former president of the Museum of Science and Industry in
Chicago, Victor J. Danilov suggests that science centers have become popular institutions in
American cities of medium size; for example, in Columbus, Chio (Center of Science and Indus
try), and Baltimore, Maryland {Maryland Science Center). Quality centers can also be found in
smaller cities, such the Bradbury Science Museum in Los Alamos, New Mexico (population just
over twelve thousand!), where more than forty interactive exhibits document the history of the
research and development of nuclear weapons (an operation during World War il that came to
be known as the Manhattan Project) while also looking at broader political, social, economic, and
environmental concerns.*

The notion of a science center fit for a smaller community—as opposed to megaliths—
applies to European cities, especially in Scandinavia. Three warrant special attention for their
innovations and contributions to the changing nature of science centers as a class of museum
organizations. The privately financed Tekniska Museet (Swedish National Museum of Science
and Technology) of Stockholm opened in 1936, and followed Deutsches Museum practices. It
was recently named "Museum of the Year” in 2016 by the Association of Swedish Museums and
ICOM Sweden. With government support, its goal is to use its collections and knowledge about
industrial society, technology, and technological development to engage and satisfy people’s
interest and to generate a belief in the future. The galleries are designed especially to engage
children with the world around them and, like many science centers, they have more recently
broadened their reach to encourage engagement and learning across all age groups. Examples
of compelling exhibits include 100 Innovations, which looks at the most important inventions in
history, as voted by Swedish students and affirmed by online and onsite visitors who can also
Cast a vote based upon the museum display.*? Teknoleket is an interactive exhibit geared toward
younger children with activities and experiments to show mechanics as well as aspects of natural
history and technology.

In Finland in 1984, the Finnish Science Center Foundation brought together academics,
scientists, government officials, and trade unions to create a center that would display and
demonstrate achievements in science and technology. The foundation selected the city of Van-
taa, north of Helsinki, as the site for the new center. The city invested in establishing the center
as a part of its effort to attract tourists. In 1989 Heureka opened to the public with two hundred
Interactive exhibitions, programming for schoolchildren, and traveling exhibitions. it seeks to
reach audiences of all ages, as noted by the tagline, “The joy of discovery and fun experiences
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for all ages!" The site boasts a planetarium, outdoor exhibitions including the wheelchair track
that enables visitors to negotiate movement, and the Basketball Rat Stadium. Begun in 1995 as a
copycat idea from Columbus's Center for Science and Industry, this sport exhibit demonstrates
concepts of behavior modification as well as stimulus-reaction while engaging audiences in the
unlikeliest of games.** The museum also travels its exhibitions in the form of Science Circus, which
involves a thirty-minute show and themed exhibits about electricity, chemical reactions, biclogy,
physiology, and psychology.®

To the south in Denmark, the Center for information about Natural Science and Modern
Technology began, in 1986, as a study of “[a national] institution of learning where concrete
experience was in the fore.” For nearly five years, traveling pilot exhibits attracted visitors to
this approach to learning. In 1991, the center opened to the public under the name Experimen-
tarium in Tuborg's abandoned bottling plant, just north of Copenhagen. Currently undergaing
renovation and expansion, the exhibitions will reopen in 2017 after welcoming visitors for two
and a half years at a temporary site, called Experimentarium City, which was located more
centrally in Christianshavn. With exhibits focusing on science, technology, the environment,
and health, the center described its purpose this way: “Danish science has been given a new
window to the world as well as a new channel of communication. The center was to be a bridge
between experts and lay people."*®

Challenges and Opportunities
Who Defines Progress?

Industrialization and the machine have, of course, brought much progress; a large portion of
humankind no longer works from sunup to sundown to obtain the bare necessities of life. There
can be no doubt that most museums of science and technology glorify machines. But industrial-
ization also creates preblems—harm to the environment and ecology; neglect of social, cultural,
and humanistic values; depletion of resources; and even threats of human extinction. Science and
technology museums often have been “partners” with industry (and even government agencies).

A critical glance has been aimed toward science centers, however. Kenneth Hudson, in his
book Museums of Influence, closes his chapter on science, technology, and industry museums
with this admonition: “In today's world, a museum of science and technology which does not
encourage its visitors to think of the human and social consequences of new developments is
acting in a singularly irresponsible and out-of-date fashion. To worship Progress uncritically may
suit the manufacturers and advertisers but it is not in the best interests of humanity."% And yet
it is clear from the overview of these museums and the sampling of exhibitions featured in this
chapter alone that STEM-focused museums and centers are taking on environmental advocacy.

Scientific “Literacy”

How do science museums address the gap between rapidly changing science and a diverse public
audience with little knowledge of basic scientific principles? Where should interpretation begin in
this process, and how can the museum or science center balance engaging visitors with convey
ing scientific concepts? These questions are especially challenging for the science center with its
reputation for “hands-on” activities that are comprehensible to visitors of all ages and interests.
Those science centers that evolved from older institutions emerged from two museum
branches: natural history (i.e, Boston) and technology (i.e., Chicago and London). Today's
centers have expanded to include STEM as well as health, psychology, and related fields, Ad-
monishing the dwindling aspect of science in such institutions, British science writer Graham
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Farmelo argues, “[S]cience centers do scant justice to basic science and . . . the overwhelming
majority of them concentrate on topics that are most amenable to public presentation—notably,
applied physics and technology. It is possible to argue that the term ‘science centers' is really a
misnomer—perhaps they should have been called 'technology centers'?"¥ it seems that these
institutions—regardless of what we call them—offer welcome learning environments and direct
engagement with collections and interactives, often with the assistance and guide of a facilita-
tor or explainer. The Oppenheimer method has taken hold and has ushered in an entirely new
expectation of museum staff that calls for directed guidance as well as free-choice learning.®®

Science as Public Activity

With the demands of ever-increasing attendance, how do science centers satisfy visitors who
have come to see "science in action” when scientific processes rarely engage spectators? As
educator Melanie Quin writes, “Science is a slow, often tedious, business, with most experiments
being controls designed to show that in certain conditions nothing happens. . . . Is it simply
that science museums seldom attempt explanations because explaining is not their traditional
aim? Or have they found it impossible to present ideas in a museumn context? Are the concepts
and principles underlying appearances just too hard to present without the kind of background
knowledge instilled over years, in courses in schools and universities? We may need somewhat
separated, more thoughtful ‘Explanatories.°

Facteoring in the mode of access to science centers {and other museums, too), consider that
the Exploratorium launched its website in 1993—truly early on in the post-Internet revolution.
In thinking of the connections between the web and science centers, in 2001 Rob Semper wrote
of the Internet as a valuable extension of a science center's visitor's “browsing” behavior. He
reported that science centers were using their websites for connecting with audiences and to
support membership, admissions, public information, and exhibition promotion. He described
the Exploratorium as becoming a “giant production studio for the web.” In contrast, in 2006, Jim
Spadaccini explained how those Exploratorium beginnings remained unfulfilled. He suggested
that the museums must “embrace user-created content . . . the science center ‘audience’ could
be seen as potential collaborators and, in some cases, even content experts.” Spadaccini's claim
meant the need to embrace two-way communications through the web, which challenges the
Mmuseumns “as authoritative sources of information."*?

This notion of a public activity and browseability is taken further through the citizen scien-
tist (a.k.a. #citsci and Science 2.0) movement. To be fair, the notion of contributing scientists
as individuals who actually made their living doing something else is actually quite old, as
is the notion of collaboration and networking (even in a presocial media world). The newish
movement, accelerated through the Internet and social media, enables the public to gather
useful data for researchers—as in counting or identifying bees, birds, and fish in one's region—
while also giving citizens—in the form of schoolchildren and adults—the ability to contribute
to something greater. For example, eBird, launched by the Cornell Lab of Ornithology as an
Internet-based citizen science project, enabled birders to report sightings and observations.
Other examples of human computation exercises include Foldlt, which helps predict protein
S_trl:lctures, and GalaxyZoo, which identifies galaxies out of celestial images.* A website offers
I'_St'ngs of more than 1,600 formal and informal research projects and events that include ag-
ficulture, astronomy, climate, geography, nature, and more. This move toward anchoring sci
€nce learning in the everyday while contributing to a collective endeavor is a return to Joseph

Bnry's gathering of meteorological data that, in the case of the new work, impacts scientific
rE!§earch, particularly in the fields of biology, conservation, and ecology that have been the
Primary fields utilizing citizen science.®
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