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ABSTRACT
What is the nature of art/science collaborations in museums? How do art objects
and activities contribute to the successes of science centers? Based on the premise that art
exhibitions and art-based activities engage museum visitors in different ways than do
strictly factual, information-based displays, I address these questions in a case study that
examines the roles of visual art and artists in the Exploratorium, a museum that has
influenced exhibit design and professional practice in many of the hands-on science
centers in the United States and around the world.
The marriage of art and science in education is not a new idea—Leonardo da
Vinci and other early polymaths surely understood how their various endeavors informed
one another, and some 20th century educators understood the value of the arts and
creativity in the learning and practice of other disciplines. When, in 2010, the National
Science Teachers Association added an A to the federal government’s ubiquitous STEM
initiative and turned it into STEAM, art educators nationwide took notice. With a
heightened interest in the integration of and collaboration between disciplines comes an
increased need for models of best practice for educators and educational institutions.
With the intention to understand the nature of such collaborations and the potential they
hold, I undertook this study.
I made three site visits to the Exploratorium, where I took photos, recorded notes
in a journal, interacted with exhibits, and observed museum visitors. I collected other data
by examining the institution’s website, press releases, annual reports, and fact sheets; and
by reading popular and scholarly articles written by museum staff members and by
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independent journalists. I quickly realized that the Exploratorium was not created in the
way than most museums are, and the history of its founding and the ideals of its founder
illuminate what was then and continues now to be different about this museum from most
others in the United States. This dissertation presents an account of the history of the
institution and the continuing legacy of the early Exploratorium and its founder, Frank
Oppenheimer. I argue that the institution is an early example of a constructivist learning
museum. I then describe how art encourages learning in the museum. It provides means
of presenting information that engage all of the senses and encourage emotional
involvement. It reframes familiar sights so that viewers look more closely in search of
recognition, and it presents intangible or dematerialized things in a tangible way. It
facilitates play, with its many benefits. It brings fresh perspectives and processes to
problem solving and the acquisition of new knowledge.
This project is the study of an institution where art and science have always
coexisted with equal importance, setting it apart from more traditional museums where
art was added as a secondary focus to the original disciplinary concentration of the
institution. Many of the exhibits were created by artists, but the real value the visual arts
bring to the museum is in its contributions to processes such as inquiry, play, problemsolving, and innovation.
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CHAPTER 1 : INTRODUCTION
In this study I examine an informal learning environment where art and science
are combined in many different ways, and artists and scientists work together to create
exhibits, plan and carry out public programs, perform research, and participate in
discourse about issues of local, national, and international importance. As crossdisciplinary collaboration and arts integration grow in popularity and are implemented
ever more widely in formal and informal learning scenarios, the need for models of best
practices grows as well. As the institution that is cited most often as an influence for
hands-on science learning and art/science collaboration in museums, I explore the
Exploratorium to discover what lessons can be learned from an institution that was
founded on the idea that art and science are complimentary ways of looking at and
understanding the world.
Prelude
My interest in the ability of art to shed light on any other discipline—to make the
intangible tangible, to create an emotional connection, or to put a human face on an
abstract concept—began with a successful cross-disciplinary teaching experience. In
2010 I was asked to develop and teach a course called Survey of Contemporary Studio
Art. My students would be 180 lower-division undergraduates fulfilling a Tier-2 general
education requirement at a land-grant university. With very few exceptions, they were
non-arts majors whom the University required to take some kind of arts course in order to
be well-rounded people worthy of graduating. Few of the students were there by choice,

15

and most were quite certain that they didn’t “get” modern and contemporary art, nor were
they interested in changing that circumstance.
I don’t blame the students for their initial antipathy. Art created since 1980 has a
bad reputation among the general public, and some of it is difficult even for me, an art
educator and historian, to understand and enjoy (or even want to look at). Aside from the
learning objectives I included in the syllabus, I set a realistic informal goal for the
semester: by the time the course concluded, every student who completed the class would
have seen or heard about one artwork that he or she had some positive feelings about, or
at least found interesting enough to want to know about in greater depth. Since I planned
to show and discuss hundreds of artworks over 16 weeks, it was safe to assume each
student would have some not-negative response toward at least one.
One of the requirements was that the students write about art. For many the
prospect was either terrifying or odious, but most of them rallied adequately. Their first
writing assignment, due just three weeks after the semester began, was a one-page review
of a photography exhibition on campus. The purpose of the assignment was to force them
to practice using newly-acquired vocabulary and understanding of the elements and
principles of art and design to describe one image in the exhibition. As expected, results
were mixed, and some gentle correction was applied. Happily, some of the students, with
just three weeks of experience in my classroom, produced surprisingly insightful analyses
of their chosen photographs.
The second writing assignment of the semester was due just two weeks later. The
assignment, titled “Art and Your Discipline,” was as follows:
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Find a contemporary artist whose work explores issues relevant to your major or
minor area of study and write a 600-700 word paper about his or her work. The
artworks you discuss must have been created after 1980, and the artist must be
reviewed in art magazines, newspapers, art books, or journals.
In your paper, include the following:









Introduction to the discipline and the artist (one paragraph).
Description of the artist’s work.
How the form of the artist’s work relates to your discipline (if applicable).
How the content of the artist’s work relates to your discipline (if applicable).
How the artist’s work can inform viewers about the discipline. Does the work
raise awareness, educate, challenge, or entertain? What else does it do? What
greater understanding of the discipline might be reached because of this
artwork?
Conclusion (one paragraph).
Image(s) of the artworks you described/analyzed.

Where is a novice art viewer to find a contemporary artist to use as the subject of
such a paper? Several students, clutching for something resembling their art comfort
zone, tried to convince me to allow them to write about Andy Warhol, Ansel Adams, or
even Vincent van Gogh, but I did not relent. I provided the following advice to the entire
class:
Having trouble finding an artist to write about? Here are some places, besides
Google, to look for ideas:
 Our course textbook lists hundreds of artists. You may write about any of
them as long as you focus on artworks not named in the book, and you can
cite the textbook as one of your sources.
 The Art21 video series on PBS has profiled about 100 living artists, organized
by subject or theme (http://www.pbs.org/art21/artists/index.html). You may
also cite this as a source.
 See what is currently on display at modern & contemporary art museums
(check the website if you can’t go in person) – there is bound to be something
made after 1980. The modern & contemporary wing of the Phoenix Art
Museum displays an excellent, large collection of contemporary artworks,
many of which can be photographed by visitors. The Tucson Museum of Art
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and UA Museum of Art also have smaller collections of contemporary
artworks.
When the papers were collected, I surveyed the results with appreciation. Many of
the students had not only demonstrated critical thinking skills in addressing the
assignment and created astute connections between art and their non-art areas of study,
but sparks of real interest in art began to appear. I learned of many new artists as I read
those papers—artists I then incorporated into lectures and discussions in subsequent
semesters. Alex, a Political Science major, wrote about Chilean-born artist Alfredo Jaar,
whose installations and photographs explore socio-political issues around globalization,
war, and genocide. Amanda, a business major, researched Barbara Kruger’s graphic
artworks on the theme of consumerism, while David, an English major, wrote about
Kruger’s use of text. Journalism major Taylor wrote about the power of words in the
work of Lawrence Weiner. Jude, a Computer Science major, described the use of logicbased systems in the work of new media artist Caleb Larsen.
These are just a few of the dozens of papers I received from students who, despite
their initial anxiety and reluctance, really GOT it. They understood not only the
assignment, and how to complete it satisfactorily, but also the purpose of the assignment
and its contribution to their learning. Building on their existing understanding of their
major subjects, the writing assignment created an opening to understand some artworks.
Even better for me, an instructor with two-thirds of the semester still ahead of me, it
sparked an interest that had many of the students looking harder, considering longer, and
engaging more fully with artworks than they had before. If pre-existing knowledge of a
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discipline could lead to a greater understanding of art, I reasoned that the same process
probably held true in reverse: pre-existing familiarity with art and visual culture can
foster a greater understanding of another discipline. If a student who already cares about
Computer Science can be made to also care about art, then one who already cares about
art can likely be made to care more about Computer Science.
That art and visual culture are inextricably tied to nearly every other aspect of our
daily lives was a driving premise for the course I developed. “Art for art’s sake” was a
fine idea during the Modern era, but it could not stand up to postmodern thought. Art is
informed by the experiences and interests of the artist—a fact made evident in the
organization of the course syllabus. Based on the textbook, Robertson and McDaniel’s
Themes of Contemporary Art, I presented art thematically rather than geographically or
chronologically. Throughout the semester we explored identity, the body, time, place,
language, science, and spirituality, with many subcategories within each broad theme.
At the end of the semester—and the two subsequent semesters in which I taught
the same course—I was gratified to receive course evaluation forms on which many
students indicated in written comments that they were pleasantly surprised by the course.
They enjoyed it more than they expected to and found it to be more interesting than they
had feared it would be. I took this anecdotal evidence as proof that my goal to help each
student connect on some level with at least one piece of contemporary art had been met
with some success.
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Purpose of the Study
Having employed a successful practice for classroom instruction, and assuming
that my success in a classroom of late-adolescent and adult learners would hold true for
similar audiences in informal learning environments as well, I determined to research the
matter further so that I might apply this successful cross-disciplinary approach to my
future practice as a museum educator. As much as I enjoyed all of the themes and
disciplines I explored with students I taught, I knew I couldn’t pursue all of them in a
dissertation of reasonable size. I began to narrow down and focus my topic. Having
worked for eight years in outreach and extension in the University’s College of
Agriculture and Life Sciences, I was well-acquainted with some methods—mostly
Internet- and workshop-based—for teaching the general public about the natural world. I
found myself drawn to museums with exhibitions about the same subjects I had worked
with during those years, wondering how the topics might be presented to learners in an
informal education environment. Guided by this preference, I chose to limit my research
to visual art objects and activities in science museums.
With the ultimate goal of understanding how and why art exhibitions and
activities are being employed as educational tools in science museums, I began a
preliminary look at some museums with art exhibitions, either temporary or permanent.
Expecting to find few examples, I was surprised to discover dozens of U.S. institutions
and organizations of various sizes that present art alongside—and sometimes inextricably
linked with—science. I was delighted to discover multiple examples of science
institutions hosting artists-in-residence. With the financial challenges most U.S. museums
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presently face, why, I wondered, do so many of them devote resources to art and artists?
Based on the results of my preliminary search I formed this premise: art exhibitions and
artists’ interventions engage museum visitors in different ways than do strictly factual,
information-based displays. They are more likely to inspire emotional engagement with
issues on some level, and to cause visitors to form opinions or to think about their own
positions on issues.
With too many potential sites to include in one study, I chose to narrow my focus
by identifying a few groundbreaking and exemplary museums in the area of art/science
collaboration. As I read and browsed I repeatedly saw references and attributions to the
Exploratorium, a hands-on science center in San Francisco, and its staff and
administration. It seemed that this single science center, founded in 1969 by a private
citizen with no budget to speak of, had done more to advance the development of handson science centers and art/science museum collaboration than any other institution in the
United States. I visited other science museums as well, but the Exploratorium is such a
rich source of material that I soon abandoned study of other sites to put all of my effort
into understanding the Exploratorium. Many of the photos I found in books, articles, and
online were unimpressive—the place looked like a warehouse and the exhibits weren’t
terribly photogenic in black-and-white pictures. I booked a trip to San Francisco,
determined to see in person this pioneering museum as a starting point for my research.
I am an art person by education who found myself in the position of teaching
basic principles of ecology and natural resource management to the public, so I probably
know a little bit more about science than the average person, but not enough to try to
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teach it without a knowledgeable collaborator. As I have shared anecdotes and bits of my
research findings with other art people, I’ve been met with enthusiasm and amazement.
Once the possibility is introduced, art people are eager to collaborate with science people.
In addition to my personal interest in the subject of my research and the promise it holds
for informing my future practice as a museum educator or trainer and mentor of museum
education students, the purpose of this study is to encourage dialogue between art people
and science people, and beyond that hopefully between art people and those in all
disciplines. Understanding the roles art can play in informal science education and what
art exhibitions and activities contribute to science museums can facilitate greater
collaboration between the two disciplines, and encourage wider engagement with art and
art educators in non-art museums. Ideally, this study and others like it will eventually
motivate the creation of new kinds of institutions where disciplinary labels and
dichotomies don’t exist and collaboration is innate and effortless.
The story of the Exploratorium and the reasons for its success demonstrate that
three people who start with a few used tools and an empty exhibition space can end up
with compelling art, innovative science, and influential models for cross-disciplinary
collaboration. Spoiler: The following eight chapters build to the conclusion that the
Exploratorium is—and has always been—successful because of hard work, serendipity,
and art. Hard work and serendipity put all of the right pieces in the right places at the
right times, while art ensured an everyday visitor experience that is equal parts wonder,
learning, and fun.
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Research Questions
As stated above, I started with this premise: art exhibitions and artists’ activities
engage museum visitors in different ways than do strictly factual, information-based
displays. They are more likely to inspire emotional engagement with issues on some
level, and to cause visitors to form an opinion or to think about their own positions on
issues. In order to test my premise and to understand what is happening at the
Exploratorium and in similar institutions, I composed the following research questions:


What is the nature of art/science collaborations in museums?



What motivates non-art museums to employ artists and artworks? Why do they
devote resources to these exhibitions? What are the expected outcomes?



How do art objects and activities contribute to the successes of science centers?



What was different about the Exploratorium when it opened from other museums
at the time? What is still different about it from other museums today?
I began my study with just the first three questions, then later added the fourth. As

I read books about the history of the Exploratorium following my first research visit to
the museum, it became apparent that that history is unlike any other science museum in
the United States. Considering how it began, it shouldn’t have survived the first few years
of being open to the public, let alone grown to become a large museum with an
international reputation that is still thriving nearly half a century later. As my literature
review proceeded, I found that I was most curious to discover what was the
Exploratorium’s secret. Something allowed this museum to not just survive, but to grow
and thrive from the first day the doors were open, despite being little more than the pet
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project of a man who lacked the resources to bankroll his dream. In the end I was able to
satisfy my curiosity about this specific institution, and the first three research questions
provided the structure for data collection and analysis that helped me to organize the
study.
Context
The marriage of art and science in education is not a new idea—Leonardo da
Vinci and other early polymaths surely understood how their various endeavors informed
one another. Decades before the National Science Teachers Association added an A to
the federal government’s STEM initiative, turning it into STEAM (Shapiro, 2010), some
20th century educators understood the value of the arts and creativity in the learning and
practice of other disciplines. What was then an occasional practice is now becoming
common with the adoption of arts integration—a fast emerging use of the arts to engage
K-12 students in classroom learning experiences. In science educator and museum
consultant Alan Friedman’s influential article in the journal American Art, “Explaining
the Universe: Why Arts Education and Science Education Need Each Other,” he states:
“The solution is not just finding more good science teachers and developing good science
curricula, but also encouraging more and better arts education" (1997, p. 3). In a 2002
TED talk on teaching arts and sciences together, astronaut Mae Jemison stated:
The difference between science and the arts is not that they are different sides of
the same coin even, or even different parts of the same continuum, but rather, they
are manifestations of the same thing. The arts and sciences are avatars of human
creativity.
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While statements like these influence the education of kids and teens through STEAM
initiatives in schools, adult learners are less likely to experience the benefits, as arts
integration programs in museums are often targeted to school tour groups.
According to the Institute of Museum and Library Services (IMLS), museums are
ideal venues for lifelong learning. They often combine strengths in traditional and digital
learning, and they are strong community anchors that, together with formal education and
other community organizations, create a network of learning within a community. This
learning network is equipped to teach a wide variety of knowledge and skills. IMLS
acknowledges that increasingly advanced and abstract skills are required for success in
life and work. An ongoing national IMLS initiative, Museums, Libraries, and 21st
Century Skills, underscores the critical role museums and libraries play in helping
citizens build 21st century skills, and the Institute seeks to expand that role (IMLS, 2009).
One well-vetted and widely accepted framework that defines 21st century skills has been
offered by the Partnership for 21st Century Skills (P21), a non-profit coalition sponsored
by education, business, and community organizations. In 2009, IMLS published a report
containing a 21st century skills framework, adapted from the P21 guidelines, for libraries
and museums. The complete list of 20 skills includes such aptitudes as visual literacy,
cross-disciplinary thinking, health literacy, global awareness, and environmental
literacy—all relevant to art/science collaborations.
While these ideas about STEAM, arts integration, and museums as learning
venues are widely accepted now, they were new or unheard of when the Exploratorium
opened in 1969. With the benefit of my contemporary viewpoint, I began my case study
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in the museum believing that the arts have value in learning other disciplines, that art and
science should be taught together (or at the very least in parallel), and that museums are
great places for visitors of all ages to learn things, including 21st century skills. As I made
repeated visits to the Exploratorium and pondered the things I observed there, I turned to
several other theories to explain my findings and structure my writing. These theories are
outlined at the beginning of each of the four analysis chapters, Chapters 6-9.
Methodology
My research is a case study of the Exploratorium in San Francisco, California; the
research site is described in detail in Chapter 3. The Exploratorium is by no means the
only institution blending art and science; many museums and schools now do so. There
are far too many examples to count or catalog. With so much to choose from, I’ve elected
to focus on the single example of the Exploratorium for two reasons:
1. The Exploratorium did it first. Maybe not literally first, but the institution was the
most visible and widely-known innovator and early adopter in the United States.
Because so many other people, institutions and organizations were influenced by
the Exploratorium, studying it goes right to the source of many contemporary
practices. In addition, it provides material for study from a longer period than
most other study sites could provide—more than 45 years—because the
institution has been publicly combining art and science longer than almost every
other institution. Other early art/science collaborations such as Experiments in Art
and Technology, a New York-based collaboration between artists and engineers,
were avant-garde and noticed only by an exclusive audience (all adults, most with
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financial means) already interested in contemporary artists or tuned into the art
scene in New York. The Exploratorium was the first place where any member of
the general public could wander into a free, public museum and see the marriage
of art with science. Thousands of kids from every kind of school were brought in
on organized field trips to see the products of the collaboration.
2. Most schools, museums, and other institutions that now have programs to blend
art and science started out firmly planted in one camp or the other—they didn’t
have one foot in each. The institution was an art museum or a science museum;
the school had art classes taught in different classrooms and by different teachers
than the science classes. Knowledge of and practices/programs in the second
discipline were added to an existing expertise in the primary field. The
Exploratorium, however, was an art and science place from the beginning. The
founding principles incorporated the two disciplines equally and the
interconnectedness of the two was emphasized from the beginning. Study of such
an outlier is sure to reveal some interesting insights into the benefits and
drawbacks of a truly and completely interdisciplinary institution.
The only other example I have found of an institution that began with a foot planted in
each discipline from the beginning is the Smithsonian Institution. Equally concerned with
art and science, the multiple Smithsonian museums have impressive collections in both
fields and dedicate comparable gallery space to each. The difference is that they were and
still are segregated in different museum buildings under clearly differentiating names.
Contrary to the way the Night at the Museum movie franchise depicts the Smithsonian’s

27

archives, separate museums store their objects separately—artifacts from every discipline
don’t mingle freely in a massive underground storage facility. Each museum has
dedicated research and education departments. The synthesis of the two disciplines
occurs at a level above the operations of each museum—institution-wide services and
programs pull together assets from different museums for programs that occur not on-site
in the museums, but in satellite locations around the country. Local museums, libraries,
and other culture organizations in various U.S. cities become Smithsonian affiliates when
they display traveling exhibitions or host educational programs.
I began this project as the Exploratorium was preparing to move from its original
location—a building it had occupied for more than 40 years—to a state-of-the-art facility
in a better location (“better” is explained in Chapters 2 and 3) with three times more
gallery space. I was fortunate to be able to study the exhibits and facilities in both the
“before” and “after” spaces, with one research trip to the original Exploratorium and two
to the new one. Serendipity took me there at that time, as I didn’t know about the planned
relocation when I originated my study. The original plan included one week at the
museum for data collection, with the possibility of a follow-up visit if necessary. When I
arrived at the museum and learned of the upcoming move, I quickly revised the plan. My
research proceeded as follows:
Site visit 1. Aside from what was learned from a quick perusal of the museum’s
website, I did no Exploratorium-specific research prior to my first visit. I wanted the
experience to be as uncolored as possible by knowledge of the institution beyond what
the average first-time visitor would know. My first day on-site was similar to the
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experience of a casual visitor: accompanied by a friend, I meandered through the
museum, using a visitor guide and floor plan from the Information desk to get my
bearings. I took no information to the museum with me and recorded no notes while I
was there. Photos taken that day are of the tourist variety—mostly selfies and funny
photos of my friend. We ate lunch in the café, watched films in the theater, and combed
the museum store for fun souvenirs.
On subsequent days I took a more scholarly approach, recording notes in a
research journal and documenting museum facilities and exhibits with photographs. Data
collected during these visits included:


Photographs: Most of my photographs depict exhibits, both with and without
museum visitors present. I estimate that I took pictures of about half of the
roughly 600 exhibits in the museum. I also photographed galleries, labels, panels
and other signage, installation fixtures, architectural details, and interior design
elements that contribute to the atmosphere, usability, and overall visual impact of
the museum. The photographs allowed me to remember what I saw during my onsite visits and further study the exhibits from home.



Notes: While in the museum, I used a research journal to record observations
relevant to my research questions and theoretical framework. These notes include
my thoughts and personal experiences, and metadata about my photographs. I
recorded observations of museum visitors engaging with art-based exhibitions or
programming, but the information is only anecdotal. I did no formal counting of
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visitors or timing of visit length, and did not interact with other visitors in any
way.
Internet and literature research. Following the first visit, I used books,
websites, annual reports, press releases, and newspaper and journal articles to research
the mission, objectives, history, structure, and activities of the institution. I read about the
context of the institution and its role in the surrounding community. It quickly became
apparent that the Exploratorium has an unusual history for a major science museum—one
that is relevant to my research questions—so I read extensively about the founding and
early years of the institution. Exploratorium staff actively publish in journals and
anthologies, and books by outside authors have been written about the institution, so I
found a large amount of information. Institutional policy dictates that all material posted
to the website remain online indefinitely rather than being archived, so information about
activities, programs, and collaborations dating back to 1993 (the creation of the first
Exploratorium webpage) is readily available. Although I had initially expected to conduct
several interviews, I found answers in published documents to most of my planned
interview questions. Other outstanding questions could be answered by another visit to
the museum, which was already planned.
Interview. With a few questions remaining, I searched the Exploratorium’s staff
directory for the employee most likely to be able to answer them. I ended up conducting a
phone interview with Marina McDougall, director the newly-created Center for Art &
Inquiry, an R&D center for the arts within the larger learning laboratory of the
Exploratorium. The interview was audio recorded and later transcribed. The transcript
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was coded (following the second site visit) to highlight the presence of four themes that
had emerged from my research, reading, and site visits: the Exploratorium as a
constructivist learning museum; site specificity and marked sites within the museum; the
importance of play; and new scholarship emerging from the art/science collaboration.
Site visit 2. For my second research trip I had two goals: familiarize myself with
the new Exploratorium location (both facility and setting), which had opened four months
earlier, and observe many of the exhibits and programs I’d read about in the interval
between visits. While about 400 of the exhibits from the original location were installed
in the galleries of the new building, half again as many new exhibits had been created and
commissioned for the new location. Once again I documented everything with
photographs and took notes in a research journal, paying particular attention to
commissioned artworks and projects by artists-in-residence.
Site visit 3. One month after the Exploratorium celebrated its first anniversary in
the new location I returned for a final visit. Many of the installed artworks and artists-inresidence rotate once a year, so this return visit allowed me to see new pieces, giving a
more complete representation of the types of artworks, projects, and programs the
museum presents. It also allowed me to observe the museum’s routine operations,
without the “grand opening” efforts and excitement of my first visit to the new location. I
collected a last set of photos in the museum.
Data analysis. I sorted all of the information I had collected to separate data
pertaining to my research questions from history and background material. I ended up
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with the broad categories outlined below, and handled the contents of each category
differently.


History of the Exploratorium: Although I didn’t originally intend to write more
than two or three paragraphs about the history of the institution, this category
became necessary once I introduced the final research question: “What was
different about the Exploratorium when it opened from other museums at the
time?” Here I compiled all material related to the founding of the museum, its
first 10 years of operation, and biographical information about the founder, Frank
Oppenheimer. I ended up with much more information than planned because
these stories are interesting enough to stand on their own, independent of my
study and guiding research questions. I arranged the resulting material in
chronological order to create a narrative: A story that begins in the 1920s with
Oppenheimer’s childhood and ends at about the time of his death in 1985, more
than 15 years after the Exploratorium opened.



Reach/impact: In a later chapter I call the Exploratorium a “proselytizing
museum.” I discovered that it’s no coincidence that so many other institutions cite
the influence of the Exploratorium—Oppenheimer and his staff actively courted
followers, freely providing instruction in the Exploratorium model through
several different channels. In this category I compiled evidence of the
Exploratorium’s impact on other institutions and descriptions of programs and
projects designed for knowledge transfer and mentoring of staff from other
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museums. The resulting information is organized as a list with descriptions of
each program.


The Exploratorium today: This material comprises the current state, structure, and
operations of the museum; descriptions of facilities; the visitor experience; and
the grand opening of the new location in 2013. Intended to orient the reader to the
museum and make it real to those who have never visited, this information has
been organized to provide the reader with a spatial and thematic walkthrough of
the research site.



Art at the Exploratorium: Here, finally, are my data. Within this category several
types of art-related activities occurred repeatedly, leading to the emergence of
subcategories:
o Staff artists/artist-developed exhibits
o Art performances
o Artists-in-residence
o Exhibition of artworks
o Art-making by museum visitors
o Public programs with art-related components
After filling each category with lists of exhibits, artworks, events, and programs, I

searched the literature for theories to explain how each of the above might function in a
museum context, and what outcomes might result from each activity. While a significant
amount has been written about art and science as methods of inquiry, and the benefits of
cross-pollination on the progress of discovering and representing new knowledge, I found
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few resources dedicated to the benefits of the art/science pairing on informal learners and
museum visitors. I identified several theories I deemed relevant, then compared each
with the collected data to identify areas of overlap.
As I studied the artworks on display in the Exploratorium and the contributions of
the artists working there, three themes emerged. I concluded that art is essential to the
museum’s success in three ways:
1. The exhibition and performance of art in the museum provides hooks to initiate
visitor engagement in participation and learning—appropriate and effective entry
points to scientific subjects. The site-specific artworks function as marked sites
that reframe their surroundings and stimulate discourse. These ideas are explored
in Chapter 7.
2. Creating art and interacting with artist-created exhibits stimulates Exploratorium
visitors to play, facilitating the construction of meaning and prolonging
engagement I discuss play theory and the flow state in Chapter 8.
3. The presence of artists in the museum as presenters, exhibit developers, and
collaborators introduces novelty and a diversity of thought and process, enabling
more effective problem solving and innovative scholarship. This finding is
described in Chapter 9.
Limitations of the Study
My study is focused and deep rather than broad. My research questions are broad,
but my study is isolated to one site. The questions could be applied to any science
museum, and I originally intended to study multiple institutions, but during my initial
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visit to the Exploratorium I found so many areas of interest that merited exploration and
analysis that I quickly chose to limit the scope of the study. The depth with which I hoped
to examine the Exploratorium dictated that it could be the only subject.
In addressing the research questions I present limited perspectives. I draw upon
multiple documents and sources in writing a history of the institution, thereby creating
the most objective narrative possible, but my observations and interpretations form the
bulk of the material about the present-day Exploratorium. With the exception of quotes
excerpted from an interview and published articles authored by museum staff, the
institution’s perspective is often presented in the words of Oppenheimer. Aside from my
non-intrusive observations included in this document in the form of anecdotes, I collected
no information from museum visitors, so that perspective is entirely absent. My
experiences as a visitor in the Exploratorium appear throughout the following chapters—I
took plenty of time to enjoy myself in the museum during my three research trips—but I
do not speak for or represent the average visitor.
A limitation that causes personal regret is my inability to write about the entire
museum, even in 300 pages. There are more than 600 exhibits in the Exploratorium, and
as I scroll through the photos from my three site visits I see 100 exhibits that I’d like to
include in my analysis. Sadly, I only have room to describe and analyze a few dozen in
this document, and those chosen to illustrate my assertions do not provide equal
representation for all parts of the museum. While I attempt here to represent the entire
institution, I am confronted with the experience of many visitors to large museums: it’s
just too big. This dissertation presents highlights from around the museum much as a
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visitor engages with a few objects in each gallery (in many cases unintentionally
overlooking an entire wing), but cannot possibly take in everything the museum has to
offer.
Structure of the Dissertation
The nine remaining chapters are organized as follows:


Chapter 2: Meet the Exploratorium. A brief introduction to the institution to
orient the reader.



Chapter 3: History of the Exploratorium. This chapter lays out the history of
the institution and important events in founder Frank Oppenheimer’s life that
influenced his choices as he built a new kind of museum. The unusual way in
which the Exploratorium came into being and the vision, charisma, innovative
problem solving, and fortunate connections of its founder help explain both how it
is different from other museums and how it managed immediate success despite
severely limited financial and human resources.



Chapter 4: A Proselytizing Museum. As mentioned above, the Exploratorium
strongly influenced many other museums and science centers. Oppenheimer and
museum staff also worked to change the way science is taught in schools. This
chapter includes descriptions of a number of outreach efforts to disseminate
Exploratorium ideas about science education and art/science collaboration.



Chapter 5: The Exploratorium Today. The Exploratorium has undergone
dramatic changes in the last five years. My research visits (Fall 2012-Spring
2014) coincided with the Exploratorium’s move from the Palace of Fine Arts to
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Pier 15—a move that included some restructuring of departments and content
areas in a way that strengthened the roles of art and artists. In this chapter I
describe the new museum’s structure, interior and exterior spaces, programs, and
statistics about visitors. It concludes with a brief description of my research
findings, which sets up the next four chapters.


Chapter 6: A Constructivist Museum. Building on the theoretical framework of
Constructivist learning, I give examples to support my claim that the
Exploratorium was one of the first truly constructivist learning museums and that
this condition contributed to the museum’s early and continued success.



Chapter 7: Art is the Essential Piece. Discussion of art-based/artist-created
Exploratorium exhibits, programs, and events that provide entry points at various
levels to learning about science and other disciplines, or that function as sitespecific artworks or marked sites that change the way visitors perceive the site
and encourage discourse. Site specificity and the work of Miwon Kwon, Rosalind
Krauss, and Rosalyn Deutsche provide the theoretical framework for much of this
analysis.



Chapter 8: Museum as Playground. The Exploratorium is a playground for
visitors of all ages. Following an introduction to play theory based on the work of
Johan Huizinga and Stuart Brown, et al.; of Mihaly Csikszentmihalyi’s theory of
flow, and of making and maker culture, I describe art-based/artist-created
Exploratorium exhibits, programs, and events that allow and encourage museum
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visitors to play, hopefully entering a flow state that keeps them engaged. Play is
not just fun; it is an important way to learn.


Chapter 9: Interdisciplinarity Supports New Scholarship Evidence from this
study at the Exploratorium suggests that art/science collaborations bring about
advances and new ideas that would not come from either discipline working
alone. Robert Root-Bernstein’s work on creativity provides the theoretical
framework for this analysis.



Chapter 10: Conclusions and Next Steps. In this chapter, the research questions
will be revisited, ramifications of the findings will be suggested, and possible
avenues for continuation of this research or related research will be explored.
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CHAPTER 2 : MEET THE EXPLORATORIUM
Every day, the Exploratorium is on the agenda of many of the thousands of people
to visit San Francisco. Located at Pier 15 on the Embarcadero—the eastern waterfront of
the Port of San Francisco along San Francisco Bay—the museum is a short, scenic stroll
from the shops and restaurants of the Ferry Building to the south and the Alcatraz ferry
landing to the north. Tourists throng to the area to catch a view of the Bay and eat in
waterfront restaurants, or catch a ferry to one of the islands. The Exploratorium is one of
the top tourist destinations in the city, especially for families.
Approaching the museum, one rounds the historic façade of the building,
preserved to match the style of all of the pier buildings lining the Embarcadero, to enter a
modern addition clad in burnished metal plates—something like Donald Judd’s
Minimalist cubes. Sculptures dot the plaza surrounding the building, and a couple of
Explainers, young museum guides clad in orange vests, entice passersby to approach a
booth where they try a hands-on experiment or minds-on activity. On the day of my first
visit, a perfect September day with abundant blue sky, two young men stood at a
rickshaw-type mobile exhibit next to a banner questioning: “Have you looked at the
clouds today?” Smaller text at the bottom of the banner identified the activity as
“Weather watching with Exploratorium Explainers.” The booth is set far enough from the
entrance to the museum that the affiliation is not obvious, and it is just a few steps from
the sidewalk streaming with tourists.
Above three sets of doors to the building is the following inscription: “Here is
being created the Exploratorium a community museum dedicated to awareness.” One
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steps through the doors and into an art museum experience. The first thing one
encounters inside the museum is an installation by Rebecca Cummins titled Simply
Smashing. Along the entrance concourse, a twenty-foot-long wall of approximately 750
stemmed wine glasses filled with clear mineral oil become optical devices turning the
world upside down. The wall label includes a brief statement by the artist that succinctly
explains the phenomenon and ties it to her lived experience. At the end of the concourse
is the ticket counter, followed almost immediately by two more orange-vested Explainers
scanning tickets and welcoming visitors to the museum. The moving line of arriving
visitors quickly encounters the expected amenities to prepare for their museum
experience: An information desk distributing answers and maps, restrooms, a drinking
fountain, and coin-operated lockers to stash personal items. So far, nothing deviates from
the traditional museum experience except that next to the drinking fountain is a toilet.
More accurately, there are two drinking fountains and one of them is a toilet, elevated to
comfortable drinking height with a spigot in place of the seat. When the button is pressed,
a stream of water arcs into the bowl and swirls out of sight. A wall label above the toiletfountain bears the bold title “a sip of conflict,” followed by a question: “Thirsty? The
water in both of these drinking fountains is perfectly clean—so which do you choose?”
Welcome to the Exploratorium, where objects on display are everyday and
utilitarian (like toilets) rather than rare and precious, humor and playfulness (and
Facebook-worthy photo opportunities) abound, and the visitor is an essential component
of nearly every exhibit, even when too squeamish to physically engage. From the toiletfountain, visitors proceed to the area of the museum called the Crossroads (identified on
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the museum map with the stated purpose of “getting started”), where several galleries and
corridors meet and a few hands-on exhibits warm visitors up for all of the touching and
looking they will be doing in this museum. Contoured impressions of hands and props are
fleetingly captured in Pinscreen, a tactile sculpture by artist-in-residence Ward Fleming.
Pinscreen consists of blunt-tipped straight pins hung through a horizontal fine-mesh
screen. A glass plate about an inch above the screen retains the pins. The visitor pushes
the pins from below creating ghostly 3-D mappings of objects. When stroked, the pins
swing, reflecting colors from lamps mounted above the table and creating patterns
reminiscent of wind-blown wheat. Nearby stands Black Sand made of two large, curved
magnets mounted on a table and several pounds of black sand (magnetite, or tiny bits of
iron). The sand is attracted to the magnets, allowing visitors to use their hands to sculpt
arches spanning the gap between the magnets or castles atop their peaks.
As arriving visitors stop to play with Pinscreen, they probably have little idea that
they’re experiencing the phenomena of close packing, color, mirrors, natural frequency,
oscillation, pendulums, periodic motion, specular reflection, tactile sensitivity, wave
excitation, and wave propagation—they’re just having fun (and possibly showing off a
bit for their museum-going companions). Sculptors at Black Sand likely think less about
magnetization, ferromagnetism, and electromagnetic forces than they do about the
“magic” of sand making solid forms without adhesive or cement, and the pleasant and
unusual tactile sensation of the sand attracted to the magnets (firm, pliable, and silky,
with no dust or residue left on the hands). The Exploratorium is a sort of anti-museum:
while things are labeled, there is relatively little to read. Exploratorium visitors are not
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told how the world is; they are invited to find out for themselves. Unlike most
museums—especially art museums—where visitors are forbidden to touch anything but
the benches and handrails, here the rule is “touch everything”; even objects and exhibits
identified as artworks should be touched and explored. Most of the labels exist to suggest
ways for visitors to further touch and manipulate objects, or to encourage them to notice
what they are thinking or feeling at the moment of interaction. The museum makes many
suggestions but few demands—the visitor is in control here.
A Place for Exploration
Perhaps the easiest way to classify the Exploratorium is to clarify what it is not. It
is not a traditional science museum in that it contains no exhibits about the history of
scientific inquiry and discovery, profiles of great scientists, or monuments to human
achievement. It is certainly not a museum of science and technology, despite being filled
with hands-on exhibits as are most such institutions. In fact, technology is scarce in the
Exploratorium. It is not the subject of any exhibits, and is seldom the tool used to convey
any other subject matter—there are few video screens in the museum and even fewer
computers. Despite the presence of dozens of artworks, it’s far from an art museum.
Artworks in the Exploratorium are meant to be used, and there is no mission to preserve
them. If exhibits become damaged or worn out they will be repaired, not in the
unobtrusive way of an art restorer who preserves the integrity of the piece, but in a way
that might change something significant about the piece in an attempt to improve it or
give it a new purpose. No biographical information is given for artists, and the works are
not positioned within a larger body of work, movement, or style. Materials are of little
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interest except when they possess specific properties that are essential to the phenomenon
the piece produces or replicates, and the techniques used to produce artworks are usually
irrelevant. In short, the empirical properties of objects are what matter, and the objects
are only important so long as visitors can have experiences with them. “Who,” “when,”
and “where” are irrelevant – what matters is “what” and “how.”
If the Exploratorium must be put in a single category, the best fit is probably
“science center.” It is not quite a traditional science center, obliged to survey fields of
knowledge (many disciplines are missing including computer science, particle physics,
medicine, genetics, and the history of science), but it is a member of the Association of
Science-Technology Centers, and its founder, Frank Oppenheimer, was a physics
professor and a nationally-known particle physicist who worked on the Manhattan
Project in the 1940s. To focus only on science, however, is to overlook a majority of
what happens in the museum, and the institution doesn’t pigeonhole itself. “The
Exploratorium is an eye-opening, playful place—in San Francisco and online—to explore
how the world works,” proclaims the homepage of the website. “For 40-plus years, we’ve
offered creative, thought-provoking exhibits, experiences, tools, and projects that ignite
curiosity, encourage exploration, and lead to profound learning” (Exploratorium, n.d.,
n.p.). Based only on this information, a visitor probably wouldn’t expect a strict science
focus in the museum, as well they shouldn’t. Clicking through to the “About Us”
webpage reveals further self-identification:
The Exploratorium is a museum of science, art, and human perception
located in San Francisco, California. We believe that following your
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curiosity and asking questions can lead to amazing moments of discovery,
learning, and awareness and can increase your confidence in your ability
to understand how the world works. We also believe that being playful
and having fun is an important part of the process for people of all ages.
(Exploratorium, n.d., n.p.)
Here, science gets equal billing with art and human perception as the foci of the
museum. They are mirrored in the institution’s mission statement:
The Exploratorium is a public learning laboratory exploring the world through
science, art, and human perception. Our mission is to create inquiry-based
experiences that transform learning worldwide. Our vision is a world where
people think for themselves and can confidently ask questions, question answers,
and understand the world around them. We value lifelong learning and teaching,
curiosity and inquiry, our community, iteration and evidence, integrity and
authenticity, sustainability, and inclusion and respect. (Exploratorium, 2015, n.p.).
Words that appear in all three written statements are “curiosity,” “world,” and
“learning,” indicating how visitors to the Exploratorium should feel (curious), what they
should be curious about (the world around them), and what should result from that
curiosity (learning). Two of the three statements include the word “playful,” describing
the atmosphere or mood in the museum. Other keywords indicate how visitors will learn:
“questions,” “discovery,” “awareness,” “process,” and “exploration.” According to
Exploratorium CEO Dennis Bartels: "We need to remember the most powerful tool you
have is a question. Our exhibits, when they [sic] at their best, make you ask: What just
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happened?" (Rogers, 2013). Putting the emphasis completely on visitors (it is they who
feel curious and ask the questions), and entirely away from objects and events (after more
than 45 years of existence, the Exploratorium still has no collection and owns few exhibit
pieces of any monetary value), is unusual even in the current climate, when hands-on
exhibits dominate in science museums and centers. The Museum of Science and Industry
in Chicago, the largest science museum in the Western Hemisphere, touts more than
400,000 square feet of hands-on experiences designed to spark scientific inquiry and
creativity, but also serves as steward of a collection of 35,000 artifacts (Museum of
Science and Industry, Chicago, n.d.). The massive California Science Center in Los
Angeles has a mission to stimulate curiosity and inspire science learning in everyone by
creating fun, memorable experiences, but also holds and displays artifact collections such
as an assemblage of aircraft, spacecraft, and instruments from past NASA missions—
precious objects tied to the specific human achievements of their creators and operators
(California Science Center, n.d.).
The name tells you much of what you need to know about the Exploratorium in a
single word: “Explorat” (explore, exploration) + “orium” (from the Latin suffix
“orium/arium” meaning a place for to a particular function) = a place to explore; a place
for exploration. This is exactly what Oppenheimer had in mind when he started the
museum in 1969.
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CHAPTER 3 : HISTORY OF THE EXPLORATORIUM
The Exploratorium opened to the public in the fall of 1969. Richard M. Nixon
was president, and the Vietnam War and racial tensions continued to divide the
nation. Neil Armstrong had just taken humankind’s first walk on the moon, Andy
Warhol was creating pop-art images of soup cans, and the hot tub had just been
introduced in California. More than 70 million children from the post-war baby
boom were becoming teenagers and young adults, and San Francisco had become
a nexus for social experimentation. It was the perfect place—and the perfect
time—to try out a new way of learning. (Exploratorium, n.d., n.p.)
How did this unique museum come to be? It is almost entirely a product of its
founder, Frank Oppenheimer. The unique combination of influences, circumstances, and
human connections that shaped his life also made the Exploratorium possible. Being in
the right place—diverse, liberal, and innovation-rich San Francisco—and at the right
time—when funding was available for new and different methods of science education—
made it possible for Oppenheimer to acquire the resources he needed to launch his
experimental project. This chapter begins with the story of Frank Oppenheimer,
summarizing the events that shaped his worldview and impacted his later work in the
Exploratorium. It then details Oppenheimer’s efforts to create the institution and
significant events in the first few years of the museum’s operation.
Frank Oppenheimer: Early Years and Education
Many of the founding ideals of the Exploratorium originated in the life
experiences and personal beliefs of its founder. He grew up in a home full of art, books,
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conversation, music, and a commitment to moral causes (Cole, 2009). His father, Julius
Oppenheimer, was a German emigrant who made a fortune in the United States as a
fabric importer. His mother, Ella Friedman, was a serious painter who had studied for a
year in Paris, taught art at Columbia and Barnard in New York, and had her own studio
and students until she was married (Cole, 2009). The family’s art collection included
works by Rembrandt, Van Gogh, Vuillard, Derain, Renoir, and Picasso that hung on the
walls of the family home along with Ella’s paintings. As a child Oppenheimer got to
know many artists and art dealers who were his parents’ friends and associates. Julius had
a hand in setting up the Museum of Modern Art in New York, and lent paintings to
MoMA’s inaugural exhibition and several others thereafter (Cole, 2009).
Oppenheimer was taught to understand, create, and collect things that were
beautiful or interesting. His parents instilled in him a sense that art, like science, is a way
of perceiving the world and of finding order in it (Hein, 1990). Throughout his childhood
he received art lessons in various media, including charcoals and oil paints. These
experiences taught him the importance of close looking and noticing details in the world
around him as he attempted to replicate them (Cole, 2009). He started playing the flute at
age 14, taking lessons at the Peabody Conservatory of Music at Johns Hopkins and later
joining the Baltimore Bach Club and the New York Flute Club (Cole, 2009). Studying
under nationally-known teacher George Barrera, he became competent enough at the
instrument to consider a career as a flautist.
From his home in the center of Manhattan young Oppenheimer was able to
explore all of the museums in New York City, and his parents took him to art museums in
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Europe and major American cities. He believed that art influenced his emotional makeup,
the way he felt about things, and the kinds of decisions he made about his own life and
also about the needs of society. He felt that a cultivated aesthetic sense was as central to
decent behavior as it was to art (Cole, 2009). Decent behavior was a major theme in
Oppenheimer’s home and education. Julius was a member of the Ethical Culture Society
for many years, serving on its board of trustees from 1907 to 1915. The Society’s motto
is "deed before creed," and the movement is premised on the idea that honoring and
living in accordance with ethical principles is central to what it takes to live meaningful
and fulfilling lives, and to creating a world that is good for all. Practitioners of Ethical
Culture support one another in becoming better people and focus on doing good in the
world (Brown, Collinson & Wilkinson, 1996). Oppenheimer was educated at the Ethical
Culture School, where the curriculum centered around moral education, service to
community, and justice, with the avowed aim of creating responsible, caring citizens
(Cole, 2009).
As a young man Oppenheimer was heavily influenced by the book Science and
the Moral Life, written by the philosopher Max Otto (1949). He carried a copy of the
small book with him everywhere. Otto’s book is full of ideas that appealed to
Oppenheimer: faith in common people, especially the young; the power of one person to
make a difference; art as a way of knowing; the importance of “kind wisdom”; the idea
that objectivity doesn’t mean neutrality; the conviction that the world is not a given, but
is ours to make up; and most of all, our duty to remain “in battle” against economic
inequality, war, and injustice (Cole, 2009).
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Oppenheimer was influenced to pursue science by his admiration of his older
brother Robert, who became engrossed in scientific pursuits at a young age beginning
with an interest in minerology. Robert was proud of his younger brother’s ability to grasp
and simplify difficult concepts, getting to the core of a question or problem—perhaps a
predictor of Oppenheimer’s future success as an educator. Unlike the cerebral Robert,
who never learned to drive a car or perform many manual tasks, Oppenheimer loved
digging into any task and getting his hands dirty (Cole, 2009). He was an inquisitive child
who liked to touch everything, and wasn’t deterred when he injured himself. He never
outgrew his desire to touch. Using his hands to build and to probe was a critical mode of
understanding for him (Grinell, 1988). Near the end of this life he said: “I am so addicted
to touching that I started a science museum built around the permission to do so” (Cole,
2009). An inquisitive tinkerer, young Oppenheimer took apart everything from bicycles
and alarm clocks to his father’s player piano; he became a regular customer at a shop that
sold secondhand electric motors (Cole, 2009). Science teacher Augustus Klock gave
Oppenheimer his first teaching experience in high school by asking him to tutor younger
students; the young man formed a science club and taught kids in the lower grades on a
regular basis. Remembering the experience years later in a letter, Klock called
Oppenheimer “a natural born teacher” (Cole, 2009).
Oppenheimer attended Johns Hopkins for his undergraduate degree, then worked
in two European labs after he graduated: the Cavendish Laboratory at Cambridge, where
the atmosphere was free, unstructured, and exploratory, and the Osservatorio di Arcetri in
Florence, where his focus was at least as much on art as on science. He spent entire days
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studying the paintings at the Uffizi Gallery and speculating about their meanings. He
observed the progressions in Italian art as artists’ skill increased, allowing for the
development of new techniques and embellishments. Years later he would realize that a
similar entrapment by technique and technology happens to physicists (Cole, 2009).
When Oppenheimer returned to the United States he enrolled in a graduate program at
Caltech because Robert taught there. While he eventually earned a PhD degree, he
continued to pursue other interests like tinkering and playing flute. He also had strong
political leanings that aligned with the ideals of his Ethical Culture schooling, leading
Oppenheimer and his new wife, Jackie, to join the Communist Party because it was
fighting racism and poverty at home and fascism abroad (Cole, 2009). World War II
raged in Europe, distracting him from his education with his concerns about the spread of
oppression and human suffering (Cole, 2009). The Oppenheimers soon broke completely
with the Communist Party because they had come to see it as too authoritarian and not as
interested in social justice as in petty bickering (Cole, 2009).1
The Uncle of the Atomic Bomb
Robert, now scientific director of the Manhattan Project, the Allied effort to
produce the first atomic weapons, arranged for Oppenheimer to work at the University of
California Radiation Laboratory following the completion of his PhD on the problem of
uranium isotope separation, under the direction of Robert's good friend, Ernest O.

1

Oppenheimer’s disenchantment with the wasted promise of communism and socialism mirrored his
dissatisfaction with the repercussions of color art prints and reproductions of famous artworks, which had
recently become widely available due to innovations in printing processes. Disappointingly for
Oppenheimer, who had welcomed the wider availability of artists’ images for the civilizing and improving
effect he thought they would bring, having reproductions of paintings in people’s homes didn’t mean
people suddenly understood and appreciated the arts or aesthetics (Cole, 2009, p. 50).
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Lawrence. Both brothers were attracted to the Manhattan Project by the challenge of
solving a new and fascinating problem: releasing the massive amount of energy trapped
inside of uranium atoms by splitting them, but in a controlled way. Producing enough of
the right kind of uranium—turning a “dirty” mix of uranium isotopes into pure U-235—
was Oppenheimer’s task at the University of California Radiation Laboratory, as a couple
of pounds of U-235 (a relatively huge amount) would be needed to build a bomb. With a
fascinating problem to solve through trial and error, he became engrossed in his work and
was more focused on science than he had ever been.
After a year spent overseeing the construction of a massive uranium isotope
separator at Oak Ridge, Tennessee, Oppenheimer joined Robert and many of the other
top physicists in the country at the secret Los Alamos, New Mexico, laboratory that was
the base of operations for the Manhattan Project. Oppenheimer and many other scientists
on the project were pacifists, but they felt that their country needed them to help bring an
end to the terrible war and rid the world of Hitler and his forces (Cole, 2009). The work
continued 24 hours a day, with individual scientists working 12–16 hour shifts.
Motivation came both from the threat of the spread of fascism and the lure of the science
itself—the ability to understand something about the way the world works that had
previously been secret and unknown (Cole, 2009).
The first bomb test, called Trinity after a poem by John Donne and conducted on
July 16, 1945, was held successfully at the Alamogordo Bombing Range. The physicists’
elation at the triumph of their years of work was overshadowed by their horror at the
physical proof of the destructive power of their creation, which they had previously

51

referred to as “the gadget.” Kenneth Bainbridge, who had been recruited from Harvard to
work on the project, called Trinity “a foul and awesome display” that made all of its
creators “sons of bitches” (Cole, 2009). Harvard chemist George Kistiakowsky saw the
bomb as the doom of humankind. Robert said that Trinity brought to his mind words
from the ancient Hindu scripture the Bhagavad-Gita: “Now I am become Death, the
destroyer of worlds”; he speculated that everyone involved in the project felt something
similar (Cole, 2009). Many of the scientists attended meetings at Los Alamos to discuss
the moral and political implications of using the bomb, and agreed that it should not be
dropped on a population center—using the bomb on civilians set a dangerous precedent.
More than 150 Manhattan Project scientists signed a petition insisting that the enemy
Japanese (Hitler and his German forces having already been defeated) ought to be warned
about the bomb and given the opportunity to surrender before its use. They proposed
staging a demonstration for Japanese officials to witness the power of the bomb, and, if
that didn’t dissuade them, leaflets should be dropped on Japanese cities warning civilians
to evacuate before a bomb was dropped (Cole, 2009). These protests by the bombs’
creators did not influence the U.S. Government, that, without warning to the Japanese or
the Manhattan Project scientists, dropped U-235 bomb Little Boy on Hiroshima on
August 6, 1945. One-hundred-forty thousand Japanese died instantly, and 60,000 more
died over the next five years. Three days later, Fat Man, a plutonium bomb, was dropped
on Nagasaki, immediately killing 70,000, followed by 70,000 more deaths over the next
five years. The scientists were horrified—some to the point of illness—that their
creations had been dropped on civilians without warning and without discussion. Many,
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including Robert and Frank Oppenheimer, were haunted for the rest of the lives by their
role and what they saw as their dreadful moral failure (Cole, 2009). Robert was popularly
called the "father of the atomic bomb," and Oppenheimer supposed—at first jokingly,
and later darkly—that this made him the “uncle” (Cole, 2009).
Scientist, Professor, and Teacher
Life assumed a slower pace after the war. Oppenheimer accepted a research
position at the University of California, Berkeley, working with Luis Alvarez and
Wolfgang Panofsky to develop the proton linear accelerator. In 1947 he took a position as
Assistant Professor of Physics at the University of Minnesota, where he participated in
the discovery of heavy cosmic ray nuclei. He and Jackie raised daughter Judy and son
Mike, who had been born during the war. He taught Mike how to tinker—when he was
six years old he knew enough about electronics to wire sister Judy’s dollhouse with lights
(Cole, 2009).2
The quiet life didn’t last long. In 1947 the Washington Times Herald reported that
Oppenheimer had been a member of the Communist Party during the years 1937–1939.
In June 1949, as part of a larger investigation on the possible mishandling of "atomic
secrets" during the war, he was called before the United States Congress’ House UnAmerican Activities Committee (HUAC). Before the Committee he testified that he and
his wife had been Party members, and had been involved in local attempts to desegregate
the Pasadena public swimming pool, which was open to non-whites only on Wednesdays,

2

Mike shares his father’s respect for play and is now a sculptor.
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after which the pool was drained and the water replaced. He said he and Jackie had joined
at a time when they sought answers to the high unemployment in the U.S. at the end of
the Great Depression. He refused to name others he knew to be members, causing a
media sensation that led Oppenheimer to resign from his post at the University of
Minnesota (Cole, 2009). Blacklisted in the U.S. because of his Party involvement and
unable to take work in Europe after the government denied him a passport, The
Oppenheimers moved to a cabin they owned near Pagosa Springs, Colorado. They turned
their 830 acres—purchased with the proceeds of the sale of one of the family’s Van Gogh
paintings—into a cattle ranch, teaching themselves how to raise cattle from animal
husbandry books and the advice of neighboring ranchers. Life was difficult but not
without rewards as they taught themselves the many new chores of caring for animals and
maintaining machinery.
Oppenheimer became well-known and well-liked in his community—he was
hardworking, good company, and interested in music and the arts. He volunteered at the
4H club, teaching kids how to make electric motors. He gave lectures to local
organizations, becoming famous in Pagosa Springs for collecting a sack full of cats to
illustrate a point about electricity (the cats escaped before he could complete the lesson)
(Grinell, 1988). When there was an unexpected vacancy in the science department at
Pagosa Springs High School, Oppenheimer seemed a natural choice to fill it. The state of
Colorado allowed him to teach with temporary credentials while he took correspondence
courses to get certified. Properly credentialed in 1957, he taught general science, biology,
and chemistry to about 100 students. He taught the first physics course the community
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ever had. He understood that his students neither knew nor cared much about science, so
he started devising ingenious experiments to grab their interest—some of which later
ended up as Exploratorium exhibits (Cole, 2009). He took students to the dump, where he
used abandoned auto parts to teach principles of mechanics, heat, and electricity
(Exploratorium, n.d.). Having high school teaching certification expanded
Oppenheimer’s opportunities, and in the summer of 1958 he moved his family to
Boulder, Colorado. There he took part in developing and teaching the National Science
Foundation (NSF)’s new science curriculum, known as the Physical Science Study
Committee Physics Course (PSSC), part of the country’s post-Sputnik response to the
fear that the U.S. would fall behind the Soviets in science, losing not just the Space Race
but also the Cold War (Cole, 2009). In the summers he taught at the Summer Institute for
High School Physics Teachers, providing in-service training for the county (Cole, 2009).
During the years of working with high school students and teachers, Oppenheimer
developed much of his educational philosophy that eventually became the foundation for
the Exploratorium (Cole, 2009).
With a decade of distance from his blacklisting, Oppenheimer ceased to be a
complete pariah in his field (although any advancement continued to encounter some
initial resistance). He was offered a job at Cornell University but turned it down because
he’d become accustomed to the Western lifestyle—the space and pace of life in
Colorado. In 1959 he accepted a position as Research Associate at the University of
Colorado in Boulder, selling off the parts of the ranch that needed constant attention. He
plunged back into research, but found physics sadly changed (Cole, 2009). When
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Oppenheimer went into physics it was a haven for eccentric, adventurous intellectuals
who mixed art, philosophy, and politics with their science. Material gain was irrelevant;
the process of inquiry, discovery, and new knowledge were the rewards. Now people
pursued physics because of the high status and the money. It had become competitive
rather than collaborative. After two years of research he turned his focus to teaching,
becoming an associate professor at the University of Colorado in 1961 and a full
professor in 1964. This change led to further disappointment: since his departure from the
University of Minnesota in 1949, faculty had gotten out of the habit of talking openly
with each other, physicists had lost their taste for pure discovery, and students had lost
their curiosity—they just wanted to know how to pass tests (Cole, 2009).
Focusing on teaching, Oppenheimer tackled the challenge of instilling curiosity in
his students. Using unclaimed attic space at the University, spare materials from
University storage and surplus, and found objects, he put together about 20 experiments
covering mechanics, electricity and magnetism, and optics. Each experiment was
designed to promote familiarity with basic principles of physics. They were made of
mundane objects: wooden carts on roller skate wheels, springs, pulleys, pendulums,
Slinky toys, sacks of iron shot for weights, waxed paper, bicycle wheels, toilet floats,
piano wire, Polaroid cameras, crochet needles, aluminum foil, and light bulbs. Around
this time the University of Colorado physics department obtained funding to build new
laboratories, allowing Oppenheimer to request a purpose-built space in which to teach
classes based around his collection. His “Library of Experiments,” as it was called,
resembled a small museum that was open to students from 8:30 a.m. to 9:00 p.m. on most
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days, allowing them to fiddle, play, and pique their curiosity. There was no lab manual
because Oppenheimer thought it would be too confining and inhibit free exploration
(Cole, 2009). Al Bartlett, another professor in the physics department, called
Oppenheimer’s classes in that lab “an incomparable educational experience, even for a
professional” (Cole, 2009, p. 140). He modeled the fascination and excitement of
learning physics with contagious enthusiasm. The Library won national recognition and
calls came in regularly from other universities wanting to create something similar (Cole,
2009). Oppenheimer and a colleague successfully applied to the NSF for funds to make
multiple copies of the experiments (Cole, 2009).
Buoyed by his success, Oppenheimer took on a bigger project: reform of physics
curricula. Despite numerous proposals to both the University of Colorado and the NSF,
he never received enough funding to implement the changes he envisioned. He wanted to
bring his experiments to a much larger audience—the general public—and didn’t believe
it could be done in an academic setting. In 1965 he received the first of two Guggenheim
fellowships and used it to visit science museums in Europe. Of the European museums,
three particularly impressed him. His interest in science museums was rekindled by the
government-funded South Kensington Museum of Science and Art, an offshoot of the
Crystal Palace international exposition of 1851. He was most impressed by the children’s
area in the basement filled with hands-on exhibits that children could play with, changing
settings or variables to find out what would happen. The entire museum seemed to
Oppenheimer a marvel, and he became aware of the lack of such facilities in his home
country (Oppenheimer, 1982). The Palais de la Découverte (Palace of Discovery) in the

57

Grand Palais of Paris was built with public funds for the International Exposition of
1837. Attached to the University of Paris and governed and supported by the French
Ministry of Education, it was designed for the use of students. Rather than featuring
collections, it had teaching models to demonstrate concepts and student guides who
interacted with the public—the inspiration for the Exploratorium’s Explainer program
(Oppenheimer, 1982).
The Deutsches Museum in Munich—the most famous European science museum
and the first modern technological museum—was founded by a Bavarian engineer and
supported by the Bavarian and German governments, with encouragement from private
industry and scientific organizations. It glorifies outstanding German and world
scientists, but also pioneered the modern movement to demonstrate scientific laws and
show their application to technology and industry. Exhibit techniques influenced other
museums throughout the world, and the interactive approach made a lasting impression
on the visiting American (Hein, 1990). The Deutches Museum inspired Oppenheimer to
open up the carpentry and machine shops for public viewing in the Exploratorium
(Oppenheimer, 1982). It also inspired the program that became known as the School in
the Exploratorium (SITE) (Oppenheimer, 1982). As at the Palais de la Découverte,
Oppenheimer saw young exhibit-demonstrators in action at the Deutsches Museum,
reinforcing his belief in the importance of interpreters (the Explainers, at the
Exploratorium) (Grinell, 1988). His entire experience in Europe convinced him that such
institutions could become exactly the kinds of adjuncts school-based learning needed in
the U.S. (Cole, 2009).
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In August, 1966, Oppenheimer was asked to present a paper at the two-day
Conference on Museums and Education sponsored by the Smithsonian Institution and the
U.S. Office of Education. According to him, “It was at that meeting that people started to
think of museums as educational institutions” (Neill, 1978, p. 8). He talked about the
connections between art and science, and his vision of a museum as a participatory
learning environment where visitors could change what was happening and learn by
making mistakes. He said that it was a scandal that there were so few science museums in
the United States. The organizer of the conference, Charles Blitzer of the Smithsonian,
said that Oppenheimer “stole the show” from the seasoned museum professionals (Cole,
2009, p. 143). Fifteen years later, Oppenheimer commented about the meeting: “The
result of attending the conference and of writing the paper [on the educational role of
science museums] was that I had unintentionally committed myself to pursuing the field”
(Hein, 1990, p. 15).
Finding a Home: The City and the Building
Almost immediately after the Smithsonian conference, Oppenheimer began to
think about putting his ideas into practice in his own museum. He and Jackie headed to
San Francisco to explore the possibilities. Both liked the Bay Area and had friends there.
Surrounded as it was by major universities and high-tech industry, the city was a hub of
new ideas and innovation and seemed like a good spot for the project’s success.
Oppenheimer took an unpaid leave of absence from the University of Colorado (never to
return, as it turned out), and relocated to California. He soon wrote “Rationale for a
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Science Museum,” a description of the institution he hoped to create, which was later
published in Curator magazine (Cole, 2009).
In December, 1968, Oppenheimer formed a small nonprofit board of directors for
his project, made up of old friends like Wolfgang Panofsky of the Stanford Linear
Accelerator Center and Nobel laureate Luis Alvarez, with whom he’d worked at Berkeley
(Cole, 2009). The first chair of the board was geologist Donald McLaughlin, a former
regent at the University of California and one of the founders of the Lawrence Hall of
Science. Other board members were civic and labor leaders, media people, artists, and
physicians (Cole, 2009). Members were put in charge of temporary advisory committees
organized to oversee the development of various functions in the museum. The art
committee, headed by Lorenz Eitner, Chair of the Art Department at Stanford University,
helped in the selection for display of pieces volunteered by artists, considering not only
their artistic merit but also their relevance to the didactic aims of the museum (Hein,
1990). Another committee was dedicated to planning the first coherent exhibit section,
devoted to vision. It was composed of distinguished vision scientists from the University
of California, Stanford, Stanford Research Institute, and the Smith-Kettlewell Institute
(Hein, 1990).
Oppenheimer had no capital to start the museum—at this point all funding came
from his own pocket—so constructing a new building or extensively renovating an
existing one were out of the question. He became aware that The Palace of Fine Arts
League sought tenants to fill the cavernous Palace of Fine Arts. He was attracted to the
Palace because of the large, undivided space inside. He saw it as a good venue to
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communicate the richness of nature and the interconnectedness of natural phenomena,
without divisions into individual galleries that would have diminished the idea that
everything in the world is somehow linked (Cole, 2009). In fact, it was a good venue to
show off everything, which is what Oppenheimer wanted. All of the innards should be
exposed—he wanted no “behind the scenes” in the museum. It was also a shabby,
unheated, somewhat derelict building that was owned by the city of San Francisco, so the
price could be within reach. Oppenheimer and his contacts knew the right people, and by
May, 1969, he (and his vision of a science museum) had charmed his way into a dollar-ayear lease on the Palace, beating out several other potential renters with various proposed
uses for the space (Cole, 2009).
The Palace of Fine Arts, located in the Marina District at the foot of the Golden
Gate Bridge, was one of ten palaces constructed in 1915 for the Panama-Pacific
International Exposition. The monumental structure was built to exhibit fine art from all
over the world, joining exhibit palaces dedicated to education, liberal arts, manufactures,
varied industries, agriculture, food products, transportation, mines and metallurgy, and
machinery (Virtual Museum of the City of San Francisco, n.d.). While the Exposition
was intended to be ephemeral and most of the buildings were demolished when it ended,
the Palace of Fine Arts was so beloved that a Palace Preservation League, founded by
Phoebe Apperson Hearst, was started while the fair was still in progress. The exterior was
designed by architect Bernard R. Maybeck to look like a Roman ruin, inspired by a
Piranesi engraving featuring a Roman ruin reflected in a pool (Maybeck Foundation,
n.d.). A massive salmon-pink colonnade and Romanesque rotunda rose behind a man-
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made lagoon that was home to swans and ducks. Statues of maidens leaned over cisterns
draped with garlands. The interior of the semi-circular building—with 90,000 square feet
of floor space—had none of the architectural pageantry of the exterior, more closely
resembling an airplane hangar. Concrete supports and steel girders were exposed, and a
rough concrete floor spanned the giant open space.
Art continued to be exhibited in the Palace for a time after the Exposition ended,
and when the Depression came Works Progress Administration artists were
commissioned to replace the deteriorated murals on the ceiling of the rotunda
(Exploratorium, 1998b). In the following decades the building was used as a warehouse
for telephone directories, an Army garage, a home for tennis and badminton courts, and a
venue for Christmas tree sales. It deteriorated badly over the years, having been built of
impermanent materials intended to last less than a year, and renovations were carried out
in 1964. The crumbling structure was stripped down to its steel supports and rebuilt with
permanent materials (Maybeck Foundation, n.d.). It then stood vacant until the
Oppenheimers took possession of it.
The First, Whirlwind Year
When I joined Oppenheimer in the fall of 1969, we didn't know if the museum
would "work." Frank had just opened the musty, unheated building with borrowed
exhibits and a bunch of high-school kids as staff. (Grinell, 1988, p. 246)
In July 1969 Oppenheimer moved an abandoned trailer into the building to serve
as the museum office—the only private area in the single, cavernous space, which even
lacked bathrooms (Cole, 2009). Mike and Jackie cleaned out nests left by birds and mice
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and swept away accumulated pine needles. With friends and family all pitching in, the
Exploratorium was put together in a truly grassroots effort (Cole, 2009). Oppenheimer
did everything on the cheap, using the skills he’d gained through years of tinkering and
ranching (Cole, 2009). Mike installed wiring in the building, and Jackie created the
exhibit labels (Cole, 2009). Oppenheimer went to local foundations to ask for financial
support. With the help of William R. Hewlett, cofounder of the Hewlett-Packard
Company and an international leader in the field of electronic instrumentation, he finally
received $50,000 in funding from the San Francisco Foundation—the museum’s initial
capital (Hein, 1990).
Once the building was acquired and cleaned up a bit, Oppenheimer’s next
challenge was filling the 90,000 square feet of display space. The wood and machine
shop was set up in the middle of the museum floor, open to public view. Of the early
exhibits, the exhibit building workshop was the most important. Located adjacent to the
entrance in the middle of the museum, it was the first thing people saw when they
entered. It made a statement: new things were being created all the time, and the process
was noisy and messy and carried out by ordinary people—stuff doesn’t just magically
appear, ready-made or incomprehensible (Cole, 2009). In addition to a view of exhibit
builders at work, visitors experienced other sensory qualities of the shop: the scream of
metal- cutting instruments or the rasp of a saw on wood, an occasional shower of sparks
from the welding station, and pervasive smells of machine oil and sawdust (Hein, 1990).
Barbara Gamow, a friend of Oppenheimer’s and the widow of theoretical physicist
George Gamow (father of the Big Bang theory) created a hand-lettered sign that was
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mounted above the shop before the museum opened: “Here is being created the
Exploratorium, a community museum dedicated to awareness” (Cole, 2009, p. 157).
The original exhibits were donated, borrowed, or cobbled together on-site from
scraps and found objects. The process of scavenging and filtering gave the Exploratorium
an eclectic character (Cole, 2009). No attempt was made to make things look slicker than
what they were—spare parts were left to look like spare parts, and plywood was raw.
There was no time or money to improve the appearance of the exhibits, but Oppenheimer
would not have wanted to even if resources had been available. He liked for things to
look like exactly what they were, with no façades and no gimmicks—completely honest.
He wanted it to look like the places where scientists do their work, and also approachable
and completely unintimidating for all visitors. The museum was to be a place for handson exploration and experimentation, not a temple or a vault. It should feel like a garage,
or like the labs in Los Alamos where he and his brother had worked. The ambiance of the
museum needed to communicate that it contained nothing precious, and that everything
could be fixed. Everything was to be played with and enjoyed (Rogers, 2013). The
appearance resonated with other scientists: “It did not look like a museum,” recalled Alan
Friedman, a physicist and director of the New York Hall of Science. “The look of the
exhibits was right off the lab bench. Rough wood. Things nailed into the table. This
looked just like my low-temperature physics lab when I was a graduate student. It looked
really friendly. It looked like home” (as cited in Cole, 2009, p. 8).
Oppenheimer had a lot of empty space to fill and wanted it to look used and
needed so that the Palace of Fine Arts League would renew his lease at the end of the first
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year rather than turning the building over to another renter. Initially he accepted almost
anything people offered to donate or lend as long as it was interesting (Cole, 2009).
Wolfgang Panofsky loaned pieces of an accelerator and charts explaining how they
worked, and helped him scrounge other physics equipment from Stanford to exhibit
(Cole, 2009). The local telephone company donated a display, although Oppenheimer
didn’t keep it long; he thought it was dishonest because some of the effects were rigged.
The 3M Company donated a traffic light (Cole, 2009). NASA provided a cloud chamber,
a space suit, and a film of the first moon landing (Cole, 2009). Lockheed and Bell Labs
donated exhibits that were still on the Exploratorium floor four decades later (Cole,
2009). One of Oppenheimer’s former colleagues from the University of Colorado was by
then at the National Bureau of Standards, and helped him get some government surplus
property for the museum. This included a gigantic lens from Lawrence Berkeley
laboratory, parabolic mirrors from the Atomic Energy Commission, and an automated
shoe tester from the National Bureau of Standards. Oppenheimer later told another
museum director that the trick to making a museum was getting on the list for
government surplus property (Cole, 2009).
Oppenheimer was very selective about exhibits involving computers. “There’s a
nothing a computer can do that I want done,” he said (cited in Cole, 2009, p. 155).
Everything a computer did was a simulation, and therefore not sufficiently transparent or
honest in his view—one couldn’t see what was going on inside the box. He also thought
computers were passive and addictive. He exhibited a number of computer-based
artworks, but opted not to use didactic exhibits that depended on such equipment. As
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indicated earlier, to this day, there is relatively little digital technology in the
Exploratorium and there are very few computers.
Equipment was brought from the Oppenheimers’ Colorado ranch and built into
exhibits (Cole, 2009). A typical early exhibit made in-house was the Pedal Generator, an
apparatus that visitors pedaled like a bicycle to power three lightbulbs. It was made from
a 19th century lathe from the ranch.
When the museum opened, there were no signs to tell people how to use the
exhibits or to explain what was happening when they did; the Explainer touring the floor
did this as s/he could. Individual staff members took it upon themselves, when they found
time, to make hand-lettered signs and modify them as needed. Whoever had chief
responsibility for building an exhibit wrote a few words of explanation (Hein, 1990). At
some point a typewriter was acquired, and labels were typed rather than handwritten.
These typewritten labels can still be seen on the original exhibits on the museum floor.
In August 1969 the museum opened without so much as an announcement. One
day Oppenheimer simply opened the doors, and the staff watched to see what would
happen. People just started wandering in. A pair of runners jogged from one exhibit to
another. “They never slowed up,” Oppenheimer said. “They just went back and forth, and
finally went through the curling path and out the door again” (as cited in Cole, 2009, p.
152).
The museum still needed something to pull it together in a coherent whole, and
fortuitously, something materialized. Oppenheimer learned from a colleague in
Washington, D.C., about the British exhibit Cybernetic Serendipity, which seemed to
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embody everything the Exploratorium was trying to express. Organized by Jasia
Reichardt of the London Institute of Contemporary Arts, the exhibit had been a great
success in London in 1967. It examined the relationship between technology and
creativity and explored the use of computers in the arts. Not all of the exhibit objects
were computers, but there were several rooms full of machines, computers, robots, and
mechanical feedback systems. Some were instruments for scientific research with
practical applications, some were didactic, and others were intentionally playful. They
showed some of the creative forms engendered by technology and displayed some of the
links between the random systems employed by artists and the goal-oriented systems
devised by engineers. They demonstrated phenomena such as magnetism, wave
interference, electricity, and the polarization of light.
Machines in the exhibit were human-sized and were meant to elicit friendly and
playful interactions between humans and machines. The observer became part of the
work—without participation, it remained merely a machine. The show consisted of works
made by engineers, mathematicians, architects, artists, poets and composers, but without
reading exhibit labels the visitor couldn’t guess the disciplinary background of the maker
(Hein, 2009). Frequent visitors to art museums and galleries would have been
accustomed to representations of machines, but these were presented differently. Since
the turn of the 20th century machines in art have symbolized progress, power, speed,
violence, order, rationality, and impersonality and alienation. In Cybernetic Serendipity,
the machines were presented without metaphorical associations for exactly what they
were, and the phenomena they reproduced were intended to be the real focus of the
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viewer’s attention. They encouraged close looking at the urban environment of manmade artifacts (Hein, 1990).
Cybernetic Serendipity fit the overall program of the Exploratorium so well that
the staff decided to celebrate the exhibit’s opening as the official Exploratorium opening.
On October 11, 1969—just three months after the Oppenheimers had moved their trailer
into the empty gallery of the Palace and set to work—the museum was officially opened
with fanfare. The public was invited, and people turned out in large numbers to see what
was going on. The Palace of Fine Arts League was pleased with what they saw because it
perpetuated the spirit of the 1915 Panama-Pacific International Exposition (Hein, 1990).
Cybernetic Serendipity filled the exhibit space with motion, vibration, mechanical and
amplified sounds, beeps and clicks, and flickering images on television screens. It was a
hit with the public, staying at the museum long after the expiration of its original sixweek contract (Hein, 1990).
When Cybernetic Serendipity closed, the Exploratorium was able to keep several
of the pieces, which were placed among other exhibits in the various sections of the
museum or used as models for the construction of future exhibits (Hein, 1990).
According to Oppenheimer:
[Cybernetic Serendipity] was indeed a most important beginning for our place for
it really set the stage for the kind of work we wanted to do because it combined
perception, art, technology and science in a wonderful way. We still have some of
its exhibit pieces that we purchased when the exhibit was disbursed 18 months
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later. (We originally had permission to show it for only six weeks.)
(Oppenheimer, 1982, n.p.).
The day the doors first opened in August, 1969, members of the Oppenheimer
family comprised most of the staff. Although it soon grew, the museum continued to
operate with a skeleton staff for the first year. Oppenheimer served as director,
fundraiser, personnel manager, exhibit builder, janitor, public relations coordinator, and
any other role that needed to be filled. Jackie worked tirelessly and did anything that
needed to be done. Their son Mike designed and developed exhibits. Board member
Wolfgang Panofsky loaned a secretary from his department at Stanford to help run the
office (Hein, 1990). A single high school student Explainer was hired to staff the museum
floor when the doors were first opened (Cole, 2009). Although salaries were very low,
within a few months Oppenheimer was able to hire a few more high school students;
office staff to manage the loan of temporary exhibits, handle personnel, and schedule
school visits; a janitor and maintenance person; and Sheila Grinell, fresh out of graduate
school, to supervise the growing group of teenage Explainers (Hein, 1990). Peter
Richards, a childhood friend of Mike’s and former Pagosa Springs, Colorado, neighbor,
had just completed an MFA in sculpture at the Baltimore Arts Institute. He was brought
in to build and maintain exhibits; in exchange he could use the museum facilities as a
sculpture studio. Staff accumulated much like the initial exhibits did. The primary
qualification was that they be immensely curious, open, and engaged with the world on
many different levels. Soon they ranged from a physics PhD to a teenage runaway to a
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biologist who was hired partly because he had a much-needed pickup truck (Cole, 2009).
Volunteers filled the many holes in the staff.
A role that was never filled in the Exploratorium was that of security guard.
Oppenheimer believed people wouldn’t destroy things if they weren’t bored. As it turned
out, there was very little vandalism. One staff member explained: “We discovered if you
tie things down, they get stolen. If you don’t tie things down, they wander, but they don’t
get stolen. By having pieces that can float, we’re saying to [visitors], in effect ‘We trust
you’” (Cole, 2009, p. 16).
As the place began to fill with both exhibits and staff, Oppenheimer became more
selective about the exhibit donations he accepted. He and the staff could think more
deliberately about what ideas or effects were fundamental to an understanding of some
aspect of science or nature, and sort out phenomena that could be demonstrated in
instructive exhibits (Cole, 2009).
Despite Oppenheimer’s complete lack of museum experience and paltry startup
capital, the Exploratorium was almost immediately successful. In the first year, 150,000
people visited the museum and 200 schools brought students for scheduled tours (Hein,
1990). In June, 1970, the Palace of Fine Arts League and the city’s Parks and Recreation
Commission voted to extend the lease on the building at the same rate of $1 per year
(Hein, 1990). According to a financial statement dated February 10, 1970—about seven
months after the museum’s unofficial opening and four months after the grand opening
celebration—a total of $101,280 had been raised for the museum, $31,280 of that as
donations from private individuals (Hein, 1990). By the end of the first year of operation
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a total of $145,000 had been raised; $105,000 of that had been dispersed immediately to
pay salaries, purchase the most essential machinery and shop supplies, and to make the
most pressing repairs. Some fundraising events were organized by members of the Palace
of Fine Arts League and the board of directors, but Oppenheimer was the persuasive
force in most cases (Hein, 2009).
Keeping the Lights On and the Doors Open
Oppenheimer liked to call the Exploratorium a “woods of natural phenomena”
rather than a science museum because he envisioned it as containing many wonders not
normally associated with science but that “surpass flights of fancy in beauty and novelty”
(Cole, 2009, p. 149). He refused to consider an admission charge for his museum because
woods are free, and so should be a woods of natural phenomena. He wanted to attract
visitors from all socioeconomic classes and parts of the city, and wanted people to return
for both short and long visits (Cole, 2009). With no admission charge and no other
possibilities for earned income—the building lacked the facilities for a restaurant, and the
museum’s store had not yet been established—Oppenheimer had to depend on private
donors, foundations, and government grants to raise both startup capital and funding for
ongoing operations. After a slow start, he was able to secure funding from agencies and
organizations supporting the sciences, the arts, and the humanities.
When the Oppenheimers arrived in San Francisco in 1967, they did not find much
interest in supporting science museums. Unlike ballet, opera, and art museums, the
common beneficiaries of philanthropic support, science centers did not have an existing
following. The aquarium, planetarium, and natural history museum seemed to provide as
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much coverage of science as the city thought it needed (Hein, 1990). Once the museum
was open Oppenheimer encountered an additional barrier to private donations. He wanted
the museum to look like the real environment a scientist works in, which meant splintery
wooden tables instead of smooth Formica counters and spare parts instead of shiny,
futuristic-looking metal pieces. San Francisco society members were accustomed to slick,
immaculate museums and found the Exploratorium a little scuzzy for their tastes (Cole,
2009). Sheila Grinell speculated that the youthfulness and inexperience of the staff might
have been an additional deterrent for conservative donors. Most of the newly-hired staff
were in their twenties or early thirties, full of curiosity and enthusiasm but with little or
no museum experience (Grinell, 1988).
It was difficult to raise money for the fledgling Exploratorium from other sources
of support because private foundations and government agencies could not figure out
how to classify it: it didn’t qualify as a museum because it didn’t have a permanent
collection, and it didn’t certify, so it wasn’t a school (no other category of educational
institution existed at the time) (Cole, 2009). As a former academic in both research and
teaching roles, Oppenheimer was familiar with the federal funding agencies that support
scientific research, and it seemed reasonable to go to those same agencies for what he
considered an extension of his research begun at the University of Colorado. His Library
of Experiments had been supported by a grant from the NSF’s Division of Education, and
the Exploratorium, in essence, made the Library available to a larger, general audience.
His appeals to the NSF and other agencies met with a disappointing response: they
considered only certifying institutions (degree-granting teaching institutions) to be
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authentically educational. Informal education for the general public didn’t qualify for
support, and museums in general were not even eligible to apply for funding. The major
private foundations reacted similarly (Hein, 1990). The NSF advised Oppenheimer to
take his request to the National Endowment for the Arts (NEA). He applied to the NEA,
but they only supported museums accredited by the American Association of Museums
(AAM)—those with permanent collections of value. AAM did not allow science centers
as members or recognize them as museums, and there was no other advocacy group for
science centers at that time. They had little legitimacy within the museum profession or
the educational establishment.
In 1971, after two years of frustration, Oppenheimer finally succeeded in winning
a $35,640 grant from the NSF Pre-College Education in Science Division. His success
came from tailoring his proposed program to the grant requirements—a practice that
remains necessary today. He proposed to create a shop apprenticeship program for high
school students. This broke the NSF’s resistance to funding museums, and the following
year the grant was doubled to $70,000 and given explicitly for exhibit construction as
part of curriculum development. From there the NSF became one of the chief supporters
of the Exploratorium, awarding a total of nearly $1.5 million by 1980.
Winning support from the NEA required a similar adaptation to the agency’s
guidelines, replacing requests for more urgent needs with those more likely to be funded
because of fit with the agency’s agenda. After rejecting requests for funding to build
exhibits on depth and pattern perception, in 1974 NEA awarded $25,000 to support the
Explainer program under the agency’s new Wider Availability of Museums program,
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aimed at bringing new audiences into museums. Racial and socioeconomic diversity of
the Explainers were always part of Oppenheimer’s plan—he wanted to reach out to
people who didn’t normally visit museums—so the program was a fit (Cole, 1990). An
NEA press release announcing the new program, dated January 12, 1971, expresses its
policy of promoting the transformation of museums from “warehouses of objects into
exciting centers of educational experience” (Hein, 1990), an ideological shift that
expanded the scope of NEA support and increased the Exploratorium’s eligibility.
The NEA went on to partially or fully fund more traditionally art-related projects
in the museum: The Speaking of Music concert and discussion series, an immersive
environment called Tactile Dome, artist Bob Miller’s Sun Painting, an exhibit of
drawings by Saul Steinberg, and a temporary exhibition of works by artists linking art
and science based in MIT’s Center for Visual Studies (Hein, 1990). Additional support
went to Jon Boorstin’s 1974 film Exploratorium, both a promotional venture and a work
of art. The film was jointly funded by the NEA and the NSF ($28,500 from each
agency), requiring that it meet the aesthetic standards of the first agency and the
educational conditions of the second (Hein, 1990). Another matching grant of $18,000
was awarded in 1974 for the artist-in-residence program. By the end of the museum’s
first decade of operation, the NEA had awarded a total of $340,000 to the Exploratorium
(Hein, 1990).
A major recipient of NEA support was the Cookbook series for exhibit builders.
The three books are very utilitarian paperbacks that resemble shop manuals, with no
glossy pages or color photos. These publications, designed for high school and college
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students and adults, contain recipes for recreating 199 exhibits. Recipes for exhibits span
a range of subjects and phenomena: light and color, visual perception, heat and
temperature, electricity and magnetism, mechanics, speech and hearing, and the physics
of sound. Potential builders can determine at a glance whether the proposed exhibit can
be built as a classroom exercise or assigned to an apprentice, or whether it requires expert
proficiency. The Cookbooks also stimulate teachers to come up with other ideas for
exhibits and demonstrations. Each recipe includes a line drawing of someone using the
exhibit, a written description, quantitative instructions on which materials to use and how
to obtain them, construction directions, detailed drawings, dimensions, sources,
schematics for any electronics, the associated instruction graphics or labels that
accompany the exhibit, and a speculation and critique section that considers problems,
possible improvements, and extensions for the exhibit. Suggestions are included for
modifying recipes to achieve different effects and each recipe is ranked according to
difficulty of construction. Some recipes include anecdotes about ideas the Exploratorium
has tried and discarded, and each entry is cross-referenced with a list of other exhibit
recipes pertaining to related topics (Hein, 1990). All three cookbooks are still available
through the Exploratorium store in person and online, and with the addition of the
Internet as delivery platform the museum now freely distributes individual recipes with
additional materials: photos of the completed construction, ready-to-print exhibit labels in
English and Spanish, and a maintenance manual.
Exploratorium staff also applied to the National Endowment for the Humanities
(NEH) for funding, for which historical, critical, and theoretical studies of the arts and
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sciences are eligible. In 1974 the Exploratorium received $20,300 for a typically
academic project: A series of interpretive essays printed in pamphlets and distributed for
teaching purposes. They described some of the museum exhibits and related them to realworld phenomena. In 1976 a planning grant was awarded, followed by a two-year,
$231,000 award to create an exhibit section on the development of ideas about the nature
of heat and the measurement of temperature. By casting the exhibit curriculum in terms
of the history of an idea—how people’s understanding of heat has changed with the
technology of measurement and, correspondingly, how theoretical concepts of heat have
drastically affected human cultural development—the request could be reconciled with
NEH requirements (Hein, 1990). The signs and labels for the exhibits included sections
explaining “to do and notice” (how to interact with the exhibit) and “what’s going on”
(the science behind the phenomenon). An added “So what?” section placed the exhibits in
the historical context required by the NEH (Hein, 1990). In 1979 the Exploratorium
received another NEH grant to support a series of historical exhibits in celebration of the
centennial of Albert Einstein’s birth—an exception to the museum’s practice of not
glorifying great achievements in science (Hein, 1990).
The Exploratorium also received support from the California Arts Council, which
underwrote a series of evening concerts and contributed $10,000 to the artist-in-residence
program, part of the match for the NEA’s $18,000 grant. Funding significantly increased
in 1979 when the Exploratorium qualified under a new “prominent organizations”
category, resulting in a large grant of $67,400. That amount was nearly doubled the
following year (Hein, 1990).
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This synopsis of grant funding introduces the major sources of funding to the
Exploratorium in its first decade of operation and the types of programs and exhibits for
which grant proposals were written. Now that this has been established there is little
benefit in continuing the accounting as funding continued in this way and from these
sources for the next three and a half decades.
Reaching Maturity
Within a few years of the museum’s opening, two of its most effective (and most
emulated) permanent training programs were established: The School in the
Exploratorium (SITE) and the Explainer program.
Demand for good science teaching in the United States had accelerated with
increased international tension and the U.S.-Soviet space race, but schools lacked the
resources to offer it. With the help of several grants, Exploratorium workshops and
classes became extensions of school teaching programs, filling a need that schools were
unable to satisfy (Hein, 1990). The Exploratorium could benefit as well, as Oppenheimer
needed funding to supplement the small assortment of donated, second-hand tools in the
museum’s wood and machine shop in which exhibits were fabricated. The NSF funding
mentioned above was supplemented by local foundations, such as the Junior League of
San Francisco, committed to the vocational training of disadvantaged youth (Hein, 1990).
The Exploratorium started a 10-week science enrichment course in nearby Mill Valley
School, alternating sessions between the school and the museum. The students
constructed and maintained exhibits and worked as Explainers on the museum floor.
They received scientific, technical, and vocational instruction. Soon neighboring schools
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requested similar programs, and the School in the Exploratorium (SITE) was created.
Schools assigned a liaison teacher to work with the professional math and science teacher
hired by the Exploratorium in coordinating students’ museum experiences with their
regular classroom activities (Hein, 1990).
NSF funding for the program ended after two years, but the precedent was set for
other joint teaching programs under other grants (Hein, 1990). Over time SITE had less
direct teaching contact with kids, becoming a teacher training and curriculum
development program. Artists and scientists working together trained teacher
participants, giving them confidence in their own ability to learn through observation and
inquiry. Training focused on learning to observe, investigate, and create, and on
translating those skills into more effective and engaging curriculum (Chamberlain, 1987).
By 1972 the High School Explainer program had become a permanent fixture,
funded as a regular component of the museum’s operations. The program provided an
opportunity similar to a paid internship for participating students from all backgrounds,
involving them in a wide variety of experiences in the museum. From the time
Oppenheimer hired the first high school student in the summer of 1969, Explainers have
been in complete charge of the museum floor. Although a budget for wages was nearly
nonexistent when the first Explainer was recruited, his decision to hire teenagers was not
a financial one. He didn’t believe adults would be good Explainers because they were too
constrained, too worried about giving a wrong answer, and too unwilling to guess. High
school students were young enough to be lively, unintimidating, and capable of
benefiting from the Exploratorium’s teaching. Their interactions with visitors were
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informal because they were learning too, and they projected more observable excitement
than adults did (Cole, 2009).
Explainers’ main job is to help get visitors “unstuck” and facilitate their
discovery, not to teach science or police crowds of visitors (Cole, 2009). A background in
science has never been a requirement for the job, but an interest in it helps. Oppenheimer
had already recruited a few kids when Sheila Grinell joined the staff in fall of 1969 to
build the Explainer program. Sheila hired many more from the pool of largely minority
San Francisco high-school students who had chosen to participate in a program that
allowed them to attend classes in the morning and work at a job in the afternoon,
selecting those who were good at talking and seemed interested in the museum (Grinell,
1988). When they arrived at the museum each day the Explainers learned about an
exhibit, then spent the afternoon practicing their spiel with visitors. They also operated
the museum: opening and closing doors, collecting money, herding children, giving
demonstrations, reporting broken exhibits, and tracking visitor responses (Grinell, 1988).
As employees they were sometimes inconsistent—getting the science wrong at times, not
being able to answer questions, acting like adolescents and slacking on their duties—but
they modeled the kind of informal, open-ended exploration of phenomena that
Oppenheimer and Grinell hoped to encourage in museum visitors. They played with
exhibits and constructed explanations as they went along, usually with palpable
enthusiasm (Grinell, 1988).
High school students fulfilled Oppenheimer and Grinell’s expectations so well,
and continue to be so effective in their multiple roles, that the Exploratorium has never
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replaced them with older or more experienced employees. They benefit the museum, and
the program provides benefits to the young participants as well. Formal surveys
conducted independently on a population of former Explainers have shown that a fourmonth stint as an Explainer (the average appointment is one academic semester or one
summer) can have substantial positive affect on a teenager’s life, stimulating confidence,
social development, communication skills, interest in independently pursuing information
about science, and a desire to study science in formal settings (Diamond, 1987; Kidder,
1989). Because of the success of the program, which quickly attracted nationwide
attention, other museums began to emulate it (Hein, 1990). Both the Explainer and SITE
programs were included in a 1973 study by the Council on Museums and Education in
the Visual Arts that was later published as The Art Museum as Educator, a best-practices
guide for museum professionals (Newsom & Silver, 1978).
By 1976 the Exploratorium had become recognizable as a museum, with 400
exhibits to fill the floor. Although the building was still described with words like
“shedlike” (Dunham, 1978), large, easily readable signs hung throughout the open
structure to identify the thematic areas: color, light, motions, waves and resonance, touch,
electricity, sound and hearing, vision, and animal behavior. Five-hundred thousand
people visited the museum every year—a number that would remain fairly constant until
the Exploratorium’s move in 2013 to its current Pier 15 location. In the mid-1970s
widely-copied exhibits and nationally-recognized programs were created and maintained
by 35 full-time staff members, 35 part-time staff, 25 high school Explainers, and 12
college Explainers.
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CHAPTER 4 : A PROSELYTIZING MUSEUM
OUR VISION—To change the way the world learns. (Exploratorium, 2014, n.p.)

In 1969, when San Francisco’s Exploratorium was created by Frank
Oppenheimer, it overturned every regnant idea about science museums. There
was no collection; there were no display cases; there wasn’t even a pretense that
objects were special. They were expected to break, and a workshop was just off
the museum floor. This was a museum without a proscenium. Visitors provided
the forces that made these pendulums swing and balls roll. Two generations later,
the concept thrives after having given birth to similar institutions all over the
world. (Rothstein, 2010, n.p.)
In spring 1981, renowned theoretical physicist Victor Weisskopf—the head of the
physics department at MIT who had worked on the Manhattan Project with the
Oppenheimer brothers—wrote a letter on behalf of the Exploratorium that called it “the
ONLY science museum.” He continued, “There is simply no other museum of science in
the whole world that can be compared with this institution… It is an institution whose
exceptional value cannot be overestimated, especially since nothing like this exists
anywhere else” (as cited in Cole, 2009, p. 263). Weisskopf recognized the Exploratorium
not only as a new kind of science institution, but as an institution that should be called a
museum—something that wasn’t a given when it came into being. In his acceptance
speech for the American Association of Museums’ Distinguished Service Award in 1982,
Oppenheimer acknowledged the change in philosophy that had occurred in that
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organization since his museum opened in 1969: “When I first started developing a
science museum, there was no organization whatsoever which thought of science centers
as part of the museum world” (Oppenheimer, 1982, n.p.). Oppenheimer’s advocacy on
behalf of the Exploratorium helped to alter the standing of science centers as museums
and of museums as educational institutions (Hein, 1990). Today the Exploratorium ranks
fifth-highest in brand equity among museums worldwide, after the Louvre, Getty,
Smithsonian, and the Metropolitan Museum of Art (Exploratorium, 2015).
While Oppenheimer had good ideas that he implemented wisely in creating the
Exploratorium, his reputation and connections should be acknowledged as major factors
in the early visibility and legitimacy of the institution and its influence on the field. It was
because of his involvement in the Manhattan Project, for example, that he knew such an
eminent scientist as Victor Weisskopf well enough to ask for a letter of support, and it
was a family connection that brought him into the Project in the first place. Aside from
the publicity Oppenheimer received as a member of that best-known scientific think tank
of the 20th century, he was known in the media because of the wide coverage of the
HUAC trials and his investigation by the FBI. His origins in a wealthy New York society
family connected him with captains of industry, art dealers, and philanthropists. When he
had a need, there was likely a better-connected friend or former colleague he could call
for assistance.
The Exploratorium has always manufactured its image by soliciting testimonials,
disseminating descriptions, and fostering personal connections to key media players.
Linda Dachman, long-standing publicity director at the Exploratorium, explained that its
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publicity came from a combination of design and serendipity: “It was hard to separate
[Oppenheimer’s] brilliant mind and how the high visibility came about. The nice thing
about the Exploratorium is that its reputation precedes it… Because Frank had such a
reputation, things came to the organization” (as cited in Ogawa, 2008, p. 279). A robust
relationship with their media image helped to structure the Exploratorium in many ways.
Not only did the media respond to the genuine innovation of a hands-on museum, but
they also helped to craft an era of science education based on the notion that physical
experiences afford greater public understanding of science. It was a mutually reinforcing
relationship: the more the media espoused the virtues of the Exploratorium, the more the
Exploratorium responded by molding itself to the image portrayed in media (Ogawa,
2008).
The Exploratorium encourages imitation. Oppenheimer and the institution he
founded were pioneers of the participatory museum movement (Hein, 1990). Although
the Exploratorium was not the only leader of this movement in North America—other
influential organizations were the Lawrence Hall of Science at the University of
California, Berkeley, which was established two years prior, and the Ontario Science
Center in Toronto that opened its doors one month after the Exploratorium—it was the
most active in spreading its innovations. As indicated above, early on, the Exploratorium
developed multiple programs to help other institutions replicate its model (Crutchfield &
Grant, 2012). It asked for nothing in return, and didn’t do cobranding—there was no
motive other than to change the way people learned science. Oppenheimer’s
unprecedented cross-disciplinary approach to exhibit and program development set the
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Exploratorium apart from the other two early participatory science museums. According
to Sheila Grinell: the “blending of the interests of artists, scientists, technicians, and
educators may well be Oppenheimer's most prescient contribution to the museum field”
(1988, p. 248).
At least 400 science centers in 43 countries were established after the example of
the Exploratorium (Pancaldi, 2003). Eighty percent of the world’s science centers use
Exploratorium-designed exhibits, programs or ideas, allowing 200 million people to
engage with Exploratorium exhibits and experiences every year at science centers and
other locations worldwide (Exploratorium, 2015). The New York Times called it the most
important science museum to have opened since the mid-20th century because of the
nature of its exhibits, its wide-ranging influence, and its sophisticated teacher training
program (Rothstein, 2013). Thirty years after Victor Weisskopf’s letter called the
Exploratorium “the ONLY science museum,” the institution received the National
Science Board 2011 Public Service Science Award for its contributions to the discipline.
In addition to its influence on science museums, science centers, and both formal
and informal science education, the Exploratorium is a model for other types of
nonprofits. In 2007, the Exploratorium was first highlighted in the book Forces For Good
(revised in 2012) as one of the 12 most effective nonprofits in the United States, and was
the only West Coast institution and only museum to make the list (Crutchfield & Grant,
2012). The Exploratorium was selected as one of the best in the U.S. based on these
criteria: It is a 501(c)(3) nonprofit founded in the U.S., it has achieved substantial,
sustained results and created larger systems change, and the scale of this change has
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national or international impact. The Exploratorium shares this distinction with
organizations such as Habitat for Humanity, Teach for America, and the Environmental
Defense Fund.
According to Crutchfield & Grant, the six practices found to be common to all
high-impact nonprofits are that they:
1. Work with government and advocate for policy change
2. Harness market forces and see business as a powerful partner
3. Convert individual supporters into evangelists for the cause
4. Build and nurture nonprofit networks, treating other groups as allies
5. Adapt to the changing environment
6. Share leadership, empowering others to be forces for good
Practices one, three, and six were particularly pronounced in the early history of
the Exploratorium, and they are some of the reasons for the Exploratorium’s wideranging influence. In Oppenheimer’s lifetime he worked doggedly to convince local and
federal government agencies that his organization was a viable educational institution and
a legitimate museum (practice one). His advocacy broadened the field of institutions
eligible for federal funding, and he developed programs to meet the education needs and
deficiencies identified by funding agencies. He converted supporters (practice three) by
sharing his exhibit designs, programs, and philosophies as widely as possible in an
attempt to revolutionize the way U.S. Americans learned science. Sharing all of the
Exploratorium resources with other institutions, and at no cost, empowered recipients
(practice six) to contribute to his science education revolution and expand its reach.
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Although Oppenheimer might not have foreseen just how influential the
Exploratorium would be, spreading his ideas about effective science education and
changing practice from the ground up were his intentions from the beginning. Between
1970 and 1982, the Exploratorium devoted at least 10% of its funds to the dissemination
of its theory and practice (Hein, 1990). An intern, brought in from another institution for
a professional development program to study the Exploratorium’s exhibit-based
education philosophy, observed, “The Exploratorium is wholesale, not retail. It exists for
other science museums and science educators” (as cited in Hein, 1990, p. 215). People
are sometimes puzzled that the Exploratorium not only allows its contents to be
duplicated, but actually facilitates it. Doesn’t that detract from the museum’s uniqueness?
This idea reflects a bias in favor of individuality and misconstrues the function of a
science museum (and science experiments in general, which are only valuable if the
results are repeatable). Art museums tend to celebrate works that are unique and
unrepeatable, but science cannot be conveyed by irreproducible evidence (Hein, 1990).
Oppenheimer spread his ideas and best practices through a combination of on-site
workshops and professional development experiences, and off-site activities and
publications (including the Cookbooks introduced in the previous chapter).
School in the Exploratorium (SITE)
The SITE teacher training program introduced in the previous chapter, now
bearing a different name, remains one of the Exploratorium’s most effective programs.
By 1984 SITE teacher training and other educational services had become so
indispensable to schools that the state legislature passed a bill requiring the
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superintendent of public instruction to designate eligible nonprofit agencies such as the
Exploratorium to serve as regional science resource centers and to allocate funds for their
educational services (Hein, 1990). When the demand for SITE workshops and artists’
influence on science curriculum development extended far beyond the Bay Area, SITE
evolved into the Institute for Inquiry, a part of the Exploratorium’s Center for Teaching
and Learning, now called the Institute for Research and Learning. This department,
which also included the Teacher Institute and the Explainer and Outreach programs, was
an important vehicle for transferring the creative culture of the organization to other
institutions (Richards, 2002). Thousands of K-12 teachers attend Exploratorium training
and workshops every year to improve their science teaching and incorporate visual art
and art-making processes into their curriculum.
Exploratorium Exhibit Catalogs
Many people unable to visit the Exploratorium in person were introduced to its
philosophy and interactive exhibits through a series of exhibit catalogs. More than just
documents of the objects on display, these catalogs doubled as instructional texts.3 The
first, Exploratorium: Light Sight Sound Hearing, was published in 1974. The 48-page
paperback publication with black and white photos provides a brief survey of the
museum followed by detailed discussion of 25 exhibits in the categories of light, color,
eye logic, the third dimension, sound and hearing, patterns, and electricity—nearly all of
the subjects explored in the museum. The second catalog was topic-specific: Sound,

3

Since the creation of the Exploratorium’s website in 1993, the function of the catalogs has largely been
usurped by materials published online.
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Hearing, Resonance: A guide to the Exploratorium Exhibits, published in 1977. It was
written principally by physicist Thomas Humphrey and based on the weekend Explainer
training classes he taught. It can be used as an introductory physics text, employing about
30 of the museum exhibits to illustrate the concepts discussed (Hein, 1990).
The next three catalogs were written by K. C. Cole, a science journalist who was
mentored by Oppenheimer and remained a close friend and collaborator for the rest of his
life. Her catalogs are intended not only for casual use by museum visitors but also as
teaching aids. They are conversational in tone and rich in detail (Hein, 1990). Volume 1:
Vision: In the Eye of the Beholder is 106 pages long and was published in 1978. Volume
2: Facets of Light: Images, Color and Things That Glow in the Dark, 169 pages, was
published in 1980. This catalog was the first to include some color illustrations, and a
pocket inside the cover contained colored gels and other props for reader exploration at
home. Volume 3: Order in the universe: The shape of relative motion, 70 pages, was
published in 1986.
Traveling Exhibitions
Traveling exhibitions have allowed the Exploratorium to spread its exhibits to
institutions that lack the resources to build their own based on the Cookbooks, those not
interested in mounting a permanent exhibition, and those not yet converted to hands-on,
interactive exhibits. In 1980 Sheila Grinell, who had left the Exploratorium five years
earlier to become director of the Association of Science and Technology Centers (ASTC)
Exhibition Program, persuaded the Exploratorium to build a travel-worthy collection of
exhibits about color and light. Funding for the exhibition and accompanying catalog
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came from the NSF’s Public Understanding of Science Program. Creating an attractive
set of exhibits was a first for the Exploratorium, which had so far adhered strongly to the
idea that exhibits should be working prototypes, not laminate-finished attractions. In spite
of any opposition to sprucing up the look, 17 exhibits created by artist Bob Miller and
other Exploratorium staff were repackaged in sturdy, attractive housings to give a
uniform look to the group. Although very different in appearance from the ad-hoc,
opportunistic designs of the originals back in San Francisco, the new exhibits were
visually enticing and proved to be just as effective (Nielsen, 2007).
Looking at the Light opened in November, 1981 and traveled for more than four
years (Pollock, 2007). The exhibition enabled more than a dozen museums to
demonstrate to their boards and communities what a hands-on museum might be like.
Exploratorium exhibit developer Tom Tompkins traveled with the exhibition, visiting
each of the host institutions to talk with both exhibits and education staff (and also at
times with board members and the press) about the concepts underlying each exhibit,
mechanical aspects of exhibit design, and the Exploratorium’s philosophy (Pollock,
2007). About 600,000 people visited Looking at the Light over the course of the 15-city
tour. As was the norm for that period, no formal evaluation was done, but the ASTC
collected impressions and anecdotal responses from staff of the host museums. Visitors
were reportedly “engrossed,” “joyful,” and “highly involved”; the museums themselves
were inspired to undertake new projects and build their own versions of the exhibits. For
some, the experience helped build support for transformation to a new kind of institution.
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More than one museum reported that the site visit by an Exploratorium staff member was
“the key in making this exhibit effective” (Pollock, 2007, n.p.).
One museum professional whose practice was strongly influenced by Looking at
the Light is exhibit developer Tom Nielsen. Nielsen, then an exhibit technician at the
New York Hall of Science (HOS), recalled:
[Looking at the Light] was installed at the HOS on the mezzanine overlooking the
main floor. We were still struggling to fill that main floor with new exhibits in
time for the opening,4 but now we had examples to guide us, a measure, at least
for me, of what it was possible to achieve in this quizzical medium. The exhibits
on the mezzanine, for the two years I worked there, became my textbooks—a
library of ideas and techniques, inspiration and insight. (Nielsen, 2007, n.p.)
Following his time at the New York Hall of Science, Nielsen worked as an exhibit
technician at the Museum of Science in Boston, as Senior Exhibit Developer and then
Director of Exhibits at the Children’s Discovery Museum of San Jose, and is now an
independent consultant to science centers and children’s museums around the world. He
has seen the Exploratorium’s influence on the field as well as his own practice:
I don’t think I’ve ever visited a science or children’s museum anywhere in the
world which did not include at least one exhibit from [Looking at the Light]. But
the impact this exhibition has had in our field is matched, I can say with gratitude,
by the impact it has had in my own life. (Nielsen, 2007, n.p.)

4

Looking at the Light was installed in the New York Hall of Science in time for its grand re-opening, in
1986, following major renovations.
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Exploratorium Magazine
A popular publication that took the Exploratorium out to museum members,
teachers, other institutions, and the general public was Exploratorium magazine. The
quarterly magazine was first published in 1977 as a bonus to museum members,
continuing as a print publication until 2003. Each issue was devoted to a specific theme
that related to certain Exploratorium exhibits or to current programs (examples: baseball,
bicycles, junk, weather, time, language, space, paper, memories, chocolate, hair). Issues
contained educational essays by staff members, notices of museum activities, fun facts,
and, of course, instructions for hands-on experiments and activities to try at home and in
the classroom.
Internship Program
The Exploratorium received federal funds in 1977 through the Fund for the
Improvement of Postsecondary Education, a subsidiary of the Department of Health,
Education and Welfare (HEW), to develop new science centers on university campuses
and in local communities. The program brought resident interns from campuses,
museums, and community centers to the Exploratorium to study its exhibit-based
educational philosophy. The program was enlarged and extended in its second year
thanks to funding from the W. K. Kellogg Foundation that supported applied education
(Hein, 1990). Within three years of the program’s inception, the Exploratorium had
helped launch twenty-one interactive museums in the United States alone (Crutchfield &
Grant, 2012). In 1997, an average year, the museum’s annual fact sheet reported that
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more than 200 museum professionals from around the world participated in
Exploratorium seminars and internships that year (Exploratorium, 1997).
Conferences
The Exploratorium has organized and hosted many conferences on topics relevant
to their mission and practices—too many to list them all. An early, influential one was
the Science in the Media Conference in 1981. The Exploratorium hosted media-based
science educators, journalists, popular authors, science writers, and producers for radio,
TV, and film to discuss the integration of TV, media, news, and museums. The
conference led to some stimulating collaborations, including a NOVA documentary about
the Exploratorium (Hein, 1990). At the Conference, filmmaker Jon Else was impressed
by Oppenheimer’s passion and creativity in creating the museum. The producer of the
PBS television series NOVA was also in attendance. The collaboration led to Else
creating a documentary focused entirely on the Exploratorium, called Palace of Delights,
that aired a year later as an episode of NOVA. This widely viewed program helped to
legitimate the Exploratorium in the field of public media and professional science
(Ogawa, 2008).
A recent, major conference organized by the Exploratorium, Art as a Way of
Knowing, took place on March 3 & 4, 2011, in San Francisco. The conference, sponsored
by the NSF, brought together an international group of artists, scientists, museum
curators, writers, educators, and other cross-pollinators to explore and discuss the role of
aesthetic inquiry in public interdisciplinary learning environments. Participants in Art as
a Way of Knowing examined historical precedents, explored the nature of learning
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through the arts, and profiled compelling contemporary models for the arts in
interdisciplinary contexts (McDougall, Bevan & Semper, 2012). Proceedings and
outcomes of the conference are discussed further in a following chapter.
Online Presence
Although digital technology has always been scarce inside the museum, the
Exploratorium eagerly adopted its use for outreach purposes. The institution was a very
early adopter of the World Wide Web. The Exploratorium's online history dates back to
the fall of 1993 when there were about 600 websites in the entire world, and only one of
them for a museum—the Museum of Paleontology at the University of California,
Berkeley (Gnatek, 2006). Physicist Ron Hipschman registered the domain name
www.exploratorium.edu in 1993 after becoming fascinated with early online message
boards among scientists and academics. At the time the World Wide Web was so new
and unpopulated that the domain registrar allowed Hipschman to pick the extension "edu"
even though the museum is not an academic institution—a rule that later became
impossible to sidestep (Gnatek, 2006). In addition to the practical and logistical content
common to organizations’ websites—a calendar and press releases; how and when to
visit; information about programs, membership and job opportunities—the website
always contained online exhibitions in the form of instructions for how-to experiments.
While the information was there to facilitate an in-person visit, the homepage of the early
website was dedicated to feeding the curiosity of users and encouraging them to
experiment and explore wherever they were.
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By 1996, 600,000 people annually accessed the Exploratorium website, exceeding
that year’s in-person visits (560,000). Ten years later there were more than 15,000 pages
on the site, and it was still growing. The webmaster’s policy was, and still is, to leave
everything online, never removing pages or content (Gnatek, 2006). Beyond basic site
navigation, there is no organized scheme to navigate the wealth of content—typing
keywords into the search box is the best way to find most content. In that way, the
museum's online presence is similar to a real museum, where a vast collection is just
waiting to be stumbled upon. Even as website technologies and user interfaces became
more sophisticated and video, Flash animation, JavaScript interactivity, and dynamic
HTML became the online norms, the museum's low bandwidth presentations remained
appealing to Web visitors. In 2006 the most trafficked online exhibit, receiving about
5,500 hits a day, was a 10-year-old activity called Common Cents, where viewers picked
out a real penny from 12 identical images (Gnatek, 2006). The DIY / home science and
art / tinkering aesthetic and mindset that have always prevailed in the museum proved to
be just as popular online.
Exploratorium Global Studios
One of the newest ways that Exploratorium knowledge and ideas are influencing
other organizations is through its consulting arm. Exploratorium Global Studios contracts
its services to work on master planning, program development, and exhibit fabrication
projects throughout the United States and around the world. Global Studios tailors the
Exploratorium’s expertise, programs, and exhibits to the needs of local and national
governments, universities, museums, libraries, hospitals, corporations, and other public

94

and private entities. Rather than exporting or cloning the Exploratorium, they work
closely with clients and partners to apply Exploratorium-style solutions and approaches
to unique goals and problems (Exploratorium, n.d.).
Conclusion
The focus of this chapter has been on the Exploratorium’s impact outside of its
walls and on the programs designed to influence other institutions. The rest of this
dissertation will focus on the things that happen inside the museum and the impact on
individual learners. Chapter 3 traced the history of the Exploratorium from initial concept
through the end of its sixth year of operation in 1976. In Chapter 5 I skip ahead to the
present day and describe the current state of the institution’s funding, staff structure, and
facilities. This information is intended to create a backdrop for specific examples and
analysis in the following chapters.
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CHAPTER 5 : THE EXPLORATORIUM TODAY
We intertwine art and science. Frank Oppenheimer viewed art and science as
complementary ways of exploring the world, and incorporated both into the
Exploratorium from its earliest days—a pioneering idea at the time that’s been
woven into the fabric of the institution. Today, artists and scientists continue to
work alongside each other in envisioning new ideas and directions for the
museum and its programs. Their common goal: to support a culture of
experimentation and collaboration, inspire curiosity and understanding, and
stimulate fresh ideas and directions. (Exploratorium, n.d.)
There are few dichotomies at the Exploratorium: distinctions are blurred between
art and nature, artist and scientist, and inside and outside the museum. According to
Exploratorium CEO Dennis Bartels, these pairings are critical to the organization’s
creative culture and its ability to remain innovative: “The Exploratorium is a place of
strange juxtapositions: What happens when you put art and science together? When you
make the invisible visible? What happens when you ask impossible questions?” (as cited
in Crutchfield & Grant, 2012, p. 160). Without artists to help scientists translate complex
phenomena into exhibits, it is unlikely that the Exploratorium would have achieved quick
and enduring success or influenced visitors and the science field at large in the way it has.
The museum found success on multiple levels from the very beginning, and has grown
every year since.
Today the Exploratorium is a large museum in all ways, very different from the
institution that concluded its first year of operations in 1970 with a handful of paid staff
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and a total of $145,000 in income (from donations) to date. It remains a nonprofit
organization. The operating budget for 2014-15 was $50,000,000, with total operating
revenues of $48,588,552 in 2014 (Exploratorium, 2015). It became necessary to begin
charging admission in the late-1980s, and earned income from admission fees and facility
rentals accounted for 56.6% of the revenue. Private contributions from individuals and
foundations accounted for 33.4% of the revenue, and 10% came from government grants.
More than half of the money expended—52.8%—went toward visitor, learner, and
educator programs.
Governance and Staff
As a nonprofit museum, the Exploratorium receives oversight from a board of
directors with 38 members. Under the leadership of Bartels and Chief Operating Officer
Laura R. Zander, directors oversee the nine branches of the organization. They are:


Business Development: Finance and accounting



Organizational Development: Human resources



Institutional Advancement: Development/fundraising



Information Technology



Laboratory: Research & development



Institute for Research and Learning: Many activities including evaluation, teacher
development, and community youth programs



Exhibits and Media: Exhibit development; web, editorial, and design departments



Museum Experience: Visitor services, school/field trip programs, High School
Explainer program, public programs, film series
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Global Studios: Consulting and creative services for institutions around the world
The institution is structured more like a university than like a typical business,

with a division between administration (management) and faculty (subject experts)
(Crutchfield & Grant, 2012). The subject experts are concentrated in the Laboratory,
Exhibits and Media, and Museum Experience branches of the organization, while
administration and management takes place in the other branches. The exception is
Exploratorium Global Studios, which does no work within the museum, instead
providing consulting services to outside organizations to spread successful Exploratorium
philosophies and methods to other learning institutions. Modeling the organizational
structure on academia supports a culture of innovation by minimizing managerial layers
and discipline that might squelch creativity. “We have a flat nonhierarchical structure that
is conducive to creativity,” says Robert Semper, Associate Director of the museum and
Director of Laboratory. “A group can organize around an idea rather than around a
structure. Ideas can originate from anywhere. Anyone can put their hand in and try
something out to make it work” (as cited in Crutchfield & Grant, 2012). Staff members
are also given free time to tinker with pet projects, many of which have resulted in
successful exhibits (Crutchfield & Grant, 2012).
Just as the content of exhibits and programs can be contributed by anyone on the
staff regardless of title or department, the entire staff is responsible for education as well.
Beginning with the experimental governance structure established by Oppenheimer, the
Exploratorium has never had a separate education department, and no single part of the
museum is more committed to education than any other. The museum as a whole is
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dedicated to teaching and learning, and that is what everyone at the museum does.
Oppenheimer’s unconventional educational philosophy omitted expert educators, but he
was eager for the museum to collaborate with other educational institutions. His ideal
vision was of shared cultural stewardship, with all the cultural agencies of the region—
libraries, parks, radio and television stations, museums, and art centers—assuming joint
responsibility for educating the general public (Hein, 1990). The Exploratorium continues
to partner with diverse educational institutions: current collaborators include King’s
College London, University of Washington Institute for Science and Math Education,
MIT Media Lab’s Lifelong Kindergarten program, SRI International, The Center for the
Advancement of Informal Science Education (CAISE), Boys & Girls Club of San
Francisco, and Sonoma Valley Unified School District (Exploratorium, n.d.).
As of the publication of the 2014 Annual Report there were 401 full time
equivalent employees—many of them MFAs or science and education Ph.Ds.—who did
everything but staff the museum floor. As indicated earlier, all security and on-the-floor
interpretation and assistance is handled by more than 200 Explainers whose primary job
is to help guests discover scientific phenomena (Exploratorium, 2015a). The institution
deliberately recruits staff with diverse professional experiences as an important means of
encouraging innovation. Staff from eclectic backgrounds are put together to come up
with unusual solutions. Teams composed of artists and scientists work together to invent
new ways of presenting complex physical phenomena that appeal to children and adults
alike (Crutchfield & Grant, 2012). According to the Annual Report: “Ours is a creative
culture, representing an incredible collection of thoughtful learning designers, all of
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whom express themselves in different ways—through art, education, science, and
community; via exhibits, online learning, tinkering activities, and hands-on programs”
(Exploratorium, 2015a, p. 4).
Visitors
In its first year at Pier 15 (fiscal year 2014) the Exploratorium served 1.1 million
visitors from across the globe, twice the attendance at its previous location in the Palace
of Fine Arts (Exploratorium. (2015b). In addition to regular museum visits, more than
50,000 teachers were served in professional development training and workshops, and
2,000 children and families received free science workshops. Although the Exploratorium
is often considered a children’s museum because of the hands-on nature of the exhibits, it
serves more adults than children every year: in 2012, 55% of the visitors were adults and
45% were children. Geographically, 52% were from the Bay Area, 24% from the rest of
California, 14% from other states, and 10% from outside the U.S. (Exploratorium, n.d.).
The Exploratorium’s online presence reaches many more people than those who
come through the front doors. In 2014 there were 13 million visits to the
“exploratorium.edu” domain to view 50,000 pages of original content (Exploratorium,
2015a). The large social media following includes 60,000 Facebook fans, 53,500 Twitter
followers, and 136,000 on Tumblr. Exploratorium-produced applications for iPad and
iPhone, and the Exploratorium Moving Images team produces 75 live webcasts, videos,
and other media each year (Exploratorium, 2015b).
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The Museum Environment
As described earlier, since 2013 the Exploratorium has been housed at Pier 15, a
330,000 square foot building along the waterfront of the San Francisco Bay. The massive
building contains six main exhibit galleries with divisions that are philosophical rather
than physical—one space flows into the next with only partial walls as dividers.
Amenities and instructional spaces include a 200-seat theater; a life sciences laboratory;
wired classrooms and labs; an exhibit building workshop with tools to manipulate wood,
metal, plastics, and electronics; a maker space; a restaurant; a café; and two museum
stores. Within the six gallery spaces, visitors can interact with more than 600 exhibits
created by staff scientists, artists, and designers. While new exhibits are always in
development, many of those on the museum floor have been on display since the
Exploratorium first opened its doors in 1969.
The Exploratorium’s current building is just three miles east of the Palace of Fine
Arts and was built the same year (1915), but in some ways it is worlds away. The new
facility provides three times more space than the original Palace of Fine Arts location
(including the mezzanine). Unlike the Palace, that was inhabited as-was in 1969 and only
modified to meet some of the Exploratorium’s needs years later after a major fundraising
campaign, the current building was heavily renovated from its dilapidated state before the
Exploratorium moved in. Almost a decade of planning, refurbishing, and building
occurred before the doors opened at Pier 15 in April, 2013. At that time the state-of-theart facility was the most energy efficient institute on Earth—the world’s largest net-zero
energy museum. Although the museum’s interior is minimalistic and the architecture
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unobtrusive, everything is clean and new. High-efficiency solar panels covering the roof
meet all of the museum’s energy needs (a surplus in summer makes up for deficits at
night and during the winter). The HVAC system uses water from the San Francisco Bay
to heat and cool the museum, and two giant cisterns capture rain and fog runoff to use as
graywater, adding to the 1 million gallons per year saved by dual-flush toilets and
waterless urinals. Everything is designed to be nearly maintenance-free, and is on the
edge of innovation—an example to other organizations and individuals of what is
possible (Truong, 2013).
The new Exploratorium is a bright, comfortable place to visit. The innovative
HVAC system and high-efficiency windows keep the building at a constant 71 degrees.
Unlike the Palace, which has no exterior windows, Pier 15 has walls made entirely of
glass that open the museum up to the world, and skylights let in additional natural light.
There are plenty of places to sit throughout the museum, with more benches and tables on
the pier overlooking the bay. The Seaglass restaurant serves a wide and varied menu of
sustainably sourced food, with a view of the Bay from every table. Quick meals or drinks
and snacks can be purchased at the Seismic Joint Café at the other end of the building.
Two museum stores sell games, toys, books, scientific oddities, and tinkering kits of all
kinds.
While the differences between old location and new are remarkable, the
Exploratorium’s primary mission and methods are unchanged. About three-quarters of
the 600 exhibits on the floor in the Pier 15 location came from the Palace of Fine Arts,
with the rest newly constructed, mostly for two new subject areas: human behavior and
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environmental sciences (Rogers, 2013). The exhibit-building workshop is still in the
center of the museum, near the entrance, and is still open for public viewing. The shop in
the new museum building has about 50% more space than the old (7,724 versus 11,318
square feet) and some new tools (Exploratorium, 2012). The large open area of the
museum floor is structured roughly by thematic area into four gallery spaces (West, East,
South, and Central), with exhibits grouped by type of phenomenon or human experience.
Two additional gallery spaces and themes are found in the upper-level Bay Observatory
Gallery and the Outdoor Gallery (a.k.a. North Gallery). The six main galleries are
described below, with examples of a few of the representative exhibits in each.
Additional exhibits are described in detail in the following chapters, which also contain
my observations of the ways in which visitors interact with the exhibits.
West Gallery: Human Phenomena—Experiment with Thoughts, Feelings, and
Social Behavior
In keeping with the philosophy that visitors should discover things in the museum
rather than being told, text remains relatively sparse in the Exploratorium. Although
individual exhibits have labels, no didactic panels elucidate the goals and themes of the
different galleries, and the divisions between them are nebulous anyway. The best place
to find anything in writing is the website, which summarizes the West Gallery as follows:
“Humans think, feel, and interact, and these phenomena are all open to scientific
investigation and creative exploration. Here, you and others are the exhibits—so play
with social interactions, observe others, and contribute your reflections” (Exploratorium,
n.d.). The Curators’ Statement for the gallery, also found on the website, explains the
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focus on cognition, emotion, social behavior, and the interplay between science, society,
art, and culture:
We all perceive the world, remember the past, look forward to the future, and
communicate with each other—and both scientists and artists investigate how and
why we do so. In the West Gallery, you can explore how your mind works and
learn about the scientific study of human behavior through exhibits on emotion,
language, memory, and pattern recognition. (Winfrey & McDonald, n.d., n.p.)
Interactive exhibits in this gallery fall largely into two categories: “solo play”
experiences that lead the user to insights about him or herself, and cooperative
experiences in which two or more people make discoveries about communication and
human interactions. A popular solo experience in this gallery is the Tactile Dome: A 30foot-diameter geodesic dome containing a maze-like environment that visitors must
navigate—crawling, slithering, tumbling and climbing—in total darkness and silence.
The lack of any sensory input other than haptic is frightening and unsettling for some
visitors, exhilarating for others. An entirely different solo activity encourages the user to
consider self-identity. What’s in a Name? is a computer station with a keyboard, a camera
pointed at the user, and a large display screen mounted on an adjacent wall with a frame
around it, like a formal portrait. The exhibit label reads simply, “A different name can
mean a different identity. What name have you always wanted?” The user completes
three steps: Types a chosen name into the program, types a response to the prompt “I
wish this were my name because…”, and snaps a self-portrait. The photo then displays on
the framed screen with a “Hello, my name is…” nametag and the explanation for the
choice of name below the image, continuing to be displayed until another visitor uses the
exhibit and replaces it with their own image (Figure 5.1, Figure 5.2).
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Figure 5.1. My renamed self-portrait in
What’s in a Name?

Figure 5.2. The user interface for What’s in
a Name?

A popular group activity in this gallery is Team Pac-Man (Figure 5.3). The classic
video game from the 1980s has been modified to have four joysticks instead of one, each
one controlling movement in just one direction. They are mounted on stands spaced far
enough apart that a person might stretch their arms out to their sides to manipulate two at
once, but no one can reach all four and play the game alone. Players must work in a team
with one to three other people to keep Pac-Man alive and rack up points by eating dots
and fruits. Teams work out their own strategies for communicating—yelling directions to
one another, choosing a captain to call out instructions, silently muddling through and
hoping for the best from one’s teammates, or something entirely new. Several of the other
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cooperative activities in the West Gallery require two participants to sit at a table, facing
one another, while they give each other instructions, try to predict each other’s responses,
or compare and contrast their own replies and reactions. One of these is Sort and Switch,
based on the Implicit Associations Test developed by social psychologists. The exhibit is
designed to illuminate one’s own unconscious associations between gender and
cooperativeness, then compare them with the reactions of a friend or family member. Sort
and Switch is part of The Science of Sharing, a project funded by the NSF to develop
exhibits that let users experiment with cooperation, competition, and strategies for
sharing resources. As indicated above, the museum emphasizes that visitors are the
exhibit here; the individual exhibits and activities are just tools through which people can
play with and reflect on their experiences.

Figure 5.3. Four young museum visitors play Team Pac Man.
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While most of the exhibits in the Exploratorium are permanent, the West Gallery
contains a large temporary exhibition space that changes once a year. The first exhibition
in the space, from April 2013 to April 2014, was The Changing Face of What Is Normal:
Mental Health. The exhibition’s collection of artworks and artifacts explored the notion
that normality is a subjective, dynamic, socially driven idea, highlighting several key
elements in our societal discussion of mental illness. The exhibit combines selections
from the Diagnostic and Statistical Manual of Mental Disorders, the belongings of longpast residents of Willard Psychiatric Center, discovered in the attic when the New York
state mental facility closed in 1995, the stories of those Willard residents, poetry by
psychiatrist Karen L. Miller, and images by photographer Jon Crispin.
Another unique feature of this gallery is the Black Box, an anything goes art
gallery. This 800-square-foot media space is dedicated to a rotating program of
immersive installations focusing on human behavior and social interaction. The
environment provides guest artists with a controlled light and sound environment for the
presentation of work in a range of formats, including film, video, photography, sculpture,
and interactive media.
South Gallery: Creative Experimentation—Think With Your Hands
The 22-foot-tall Tinkerers' Clock presides over the South Gallery. Created by
artist-in-residence and Osher Fellow Tim Hunkin, the inner-workings of the clock—
pulleys, levers, gears and a gong, all run by windshield wiper motors—are visible
through its Plexiglas case. Museum visitors turn knobs to animate cartoonish figures that
oil, brush, weld, and tinker with the numerals. On the hour, the work is finished—the
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numbers swing out to form a clock face and a gong rings. The whimsy, repurposed parts,
and visible mechanics of the clock represent what this section of the museum is about. As
explained on the website: “Making things and developing ideas by hand helps us
construct understanding. Slow down, settle in, and make something personally
meaningful—from playful contraptions to surprising connections between mechanical
systems and natural phenomena” (Exploratorium, n.d., n.p).
The largest exhibition in the South Gallery is the exhibit-building workshop. As
mentioned in Chapter 3, Oppenheimer considered it to be the heart of and most important
exhibit in the original museum. It’s important was reaffirmed on a special website about
the development of the new museum campus:
Since its founding, the Exploratorium has been dedicated to pulling back the
curtain on how things work. We build exhibits that help visitors discover the inner
workings of the universe, and we want people to see how those exhibits are
created. The museum’s shop—a productive commotion audible and visible to
all—is the buzzing, flashing, sparking heart of those efforts. (Exploratorium,
2012, n.p.).
Although the exhibit building workshop is still a central feature of the
Exploratorium, it now competes for importance with the Tinkering Studio. According to
the Curators’ Statement for the South Gallery:
The Tinkering Studio is the heart of this gallery. In this immersive space, visitors
use tools and materials to explore the intersection of science, art, and technology.
We try experiments for the first time, or play along with other makers and artists.

108

Whether expert or novice, we’re all learning together by making something that is
personally meaningful. (Petrich &Wilkinson, n.d.)
The shop where staff make exhibits is adjacent to the Tinkering Studio, where
visitors themselves can create exhibit-like stuff. Putting the Tinkering Studio near the
shop was an intentional choice intended to blur the line between finished exhibits,
prototypes, and things visitors can directly participate in (Exploratorium, 2012).
Although the Exploratorium doesn’t use this language, the Tinkering Studio fits
the definition of a maker space. The curators call it a public workshop where visitors can
make, build, or tinker, either alone or with others, as a way of exploring the world and
individual creativity. The Tinkering Studio emphasizes using familiar materials in
unfamiliar ways to build things that are beautiful or whimsical, and that either do
something interesting or result from a fascinating or thought-provoking process. The
central tinkering space has work tables that, on an average day, are each filled with a
different project or materials. Glass cases surrounding the space physically divide it from
the rest of the museum while allowing those outside to observe the tinkering inside. They
display the creations of past artists, workshop participants, and independent tinkerers who
worked in the space.
The Tinkering Studio is surrounded by other opportunities to create and play.
Two Animation Stations are set up with computers, cameras, basic controls, and boxes of
props allowing users to create stop-motion video animations (Figure 5.4). When
completed, the push of a single button uploads the video to YouTube and emails the
direct link to the maker. Nearby, visitors of all ages attach tubes, funnels, hoses, tracks,
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and other objects found at any hardware store to a wall-sized pegboard to make Marble
Machines. Makers frequently stop working to drop a marble at the top of their
constructed track, testing to see if it follows the course as expected. When the area isn’t
crowded a maker might construct a large Marble Machine that spans the wall from side to
side or top to bottom. On busy days, multiple courses are under construction at once,
occasionally overlapping or twining around each other on the shared wall.

Figure 5.4. An adult visitor creates a stop-motion animation video for upload to YouTube
using an Animation Station.
The museum’s exhibit-building workshop is nearby, also part of the south gallery.
Most of the exhibits are still made there, as they were 45 years ago, so staff can usually
be seen working with a variety of materials on exhibits in various stages of development.
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The Exploratorium website explains that ideas for exhibits can come from anywhere:
visiting artists and scientists, research articles, news stories, and even YouTube videos.
Often, an exhibit emerges spontaneously when someone on the staff just plays with stuff
to see what happens. Once a promising idea is found, exhibit developers build a rough
prototype and get feedback from staff and visitors as quickly as possible. Some ideas are
dropped at this stage, or changed into something new. If an exhibit seems to be working
well, a more attractive and durable version will be built to go on the museum floor. The
Exploratorium never considers exhibits to be “done.” Staff are always watching for
opportunities to improve them, and many exhibits experience several incarnations. The
exhibits, like the museum itself, are a perpetual work in progress (Exploratorium, n.d.).
One feature of the South Gallery that is not open for the public to see is the
Learning Studio. It serves as a research-and-development lab for staff and collaborating
artists. According to the curators, “Here, we try things out, make mistakes, get excited,
become delighted, and every now and then stumble on to something great that we share
with visitors in the Tinkering Studio and in professional development workshops for
teachers and museum educators” (Petrich &Wilkinson, n.d.). With so much transparency
throughout the museum, it is unusual that this space it not open for public viewing,
despite being mentioned by name on the website.
Central Gallery: Seeing and Listening—Experiment with Light and Vision, Sound
and Hearing, and Motion and Spatial Perception
The Central Gallery contains the essence of the original Exploratorium: many of
the classic exhibits found in the Cookbooks, but also new exhibits and experimental
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prototypes that reflect current science as it advances. It is also the largest gallery in the
museum. Here are the exhibits about light and sound, and seeing and hearing, designed to
spark and nurture visitors’ curiosity and challenge them to investigate natural phenomena
for themselves. Playing with light and sound is the best way to learn how they work and
how we perceive them. According to the Curators’ Statement:
The primary activity in the gallery is experimentation in the broadest sense.
Visitors are encouraged to discover things for themselves through exhibits
designed as experiments, with opportunities for experimental variations and
controls. Most importantly, visitors have a unique opportunity to learn-by-doing
about the scientific process itself, the power of experiment to answer questions,
and the roles of knowledge and creativity in discovering connections among
diverse phenomena. Immersive and evocative experiences will inspire further
explorations. (Humphrey & Brown, n.d., n.p.)
Visitors crowd around Giant Mirror—12 feet wide and eight feet high, the
concave mirror reflects an upside down world. Moving closer to and farther from the
mirror reveals other visual effects. For example, at a distance of about nine feet from the
mirror the visitor’s eyes, that are good at locating objects in three dimensions, report to
the brain that there’s an image of the viewer him or herself hanging upside down between
the visitor and the mirror that s/he can seemingly reach out and touch. In Monochromatic
Room everything looks like it’s in an old sepia-toned photograph. The room is lighted by
sodium vapor lamps that emit a single wavelength of light—perceived as a yellowish
color. Flashlights hanging from the ceiling let visitors bathe objects with white light,
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revealing the full spectrum of a rainbow painted on a wall and the clothing and skin of
other people in the room (Figure 5.5). Sound is the subject of Out Quiet Yourself, in
which visitors try to walk as quietly as possible on a gravel path. They try different ways
of walking—on tiptoe, faster or slower, rolling the foot from heel to toe—listening for
small changes in the noise level. A sound meter displays a “noise score” so visitors can
check their perceptions against the measured decibel level and try to beat their own and
others’ best scores. The exhibit provides an experience in listening for one of the wide
range of sounds around us every day that usually go unnoticed.

Figure 5.5. Using a flashlight to reveal the true colors inside the Monochromatic Room.
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East Gallery: Living Systems—Investigate the Living World
From the large Central Gallery the visitor passes through to the East Gallery at the
Bay end of the museum. Living things and natural light, let in by floor-to-ceiling
windows overlooking the Bay, replace the metal apparatus and varied artificial light
sources of the previous gallery. According to the website, the focus of the gallery is on
the living things that often go unnoticed because they’re too small or hidden from view:
Sometimes life is hard to observe, because it’s too tiny or fast or is hidden
underground or in the ocean. Discover what you’ve been missing: use scientific
tools to investigate living things of different sizes, the ecosystems they inhabit,
and the processes they share. (Exploratorium, n.d., n.p.).
The curators’ goal for the East Gallery is to foster an appreciation of the living
world and the many ways to explore it. Visitors use authentic scientific methods and tools
to learn about living things at different scales (from single-celled organisms viewed
through a microscope to the massive trunk of a several-hundred-years-old Douglas fir),
the processes they share, and their ecosystems. Anchored by the Life Sciences
Laboratory, an open-to-view biology laboratory that cultivates organisms for many of the
surrounding exhibits, the gallery is filled with living things. From the Gallery, visitors
can look out the windows to make connections to similar organisms and processes
happening all around the museum—in the Bay, the park across the street, or the hills
visible in the distance—and beyond.
The gallery is visually dominated by two exhibits. Big Wood: 300 Years of
Photosynthesis was developed by artist-in-residence Michael Brown in collaboration with
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reclaimed wood specialist Evan Shively (Figure 5.6). It is a 330-year-old Douglas fir tree
that fell in a storm, now split down the center to reveal its rings. The two halves of the
tree form the walls of an intimate, contemplative space with a center bench, almost a
room within the gallery, where visitors can look closely at the usually-hidden interior of
the trunk and notice the complexity of its delicate layers. The enormous, lacy root
structure at one end of the artwork is equally intricate and visually arresting, but with
obvious strength.

Figure 5.6. Big Wood: 300 Years of Photosynthesis.
Across the gallery stands Tidal Memory: A semicircle of 24 clear glass tubes of
water, each at least 10 feet long, standing on end like a row of columns (Figure 5.7).
Using live data from the National Oceanographic and Atmospheric Administration
(NOAA) tide station near the Golden Gate Bridge, each of the columns displays the San
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Francisco Bay tide height for one hour of the current day. Visitors can see the rising and
falling tidal pattern of the last 24 hours in this dynamic stop-motion representation of the
Bay that is visible through the gallery’s windows. If they are captivated by the loveliness
of the exhibit, they might stop to read that the tides create strong currents that move
nearly one-fourth of the Bay’s total water volume in and out with each tidal cycle, and
that these cycles affect every living thing in the Bay, influencing feeding, breeding, and
migratory behaviors.

Figure 5.7. A view of the East Gallery with Tidal Memory in the foreground.
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Bay Observatory Gallery: Landscape Observation—Explore the Local
Environment
The Bay Observatory Gallery, with its focus on environmental science, was added
when the Exploratorium moved to Pier 15. This gallery is briefly described on the
website: “Natural and human forces interact to create the dynamic landscape surrounding
us. Learn to uncover the stories embedded in a place by directly observing the geography,
history, and ecology of the San Francisco Bay region” (Exploratorium, n.d., n.p.). In is an
indoor/outdoor exhibition space: adjacent to the Gallery is the Bay Observatory Terrace,
with spectacular views of the Bay and San Francisco’s northern waterfront, as well as its
urban, downtown cityscape. According to the curator, these views are an entry point for
investigations of the history and dynamic processes in the local landscape, and the human
impact on them (Schwartzenberg, n.d.).
Unlike the other galleries in the Exploratorium, the Bay Observatory Gallery
provides a great deal of historical and cultural context for the scientific concepts it
presents. The exhibits, artworks, and instruments on display examine the environment
from multiple perspectives, including physical and geographic sciences, ecology,
astronomy, history, and contemporary experience. A small browsing library of maps and
books from the past and present represents ideas that shaped, and continue to shape, the
Bay Area. Despite these differences from the rest of the museum, observation is still
important in this gallery. Cameras and telescopes allow visitors to observe the landscape
directly, while other exhibits present live or archived data, visualizations, and video

117

streams that compress changes too slow to observe into a snapshot that can be taken in in
a moment (Schwartzenberg, n.d.).
On the scientific, data-heavy end of the exhibit spectrum is Visualizing the Bay, a
large-scale relief map of the Bay Area onto which a variety of data visualizations are
projected. These include hourly changes in banks of fog, a 40-year history of
earthquakes, and the shifting salinity of Bay waters responding to tides and rainfall. Other
data layers show how human populations are distributed over the Bay Area by age or
ethnicity. Comparing different sets of data allows visitors to discover surprising
connections between seemingly unrelated human and natural phenomena. An artistcreated exhibit in the gallery is Bay Lexicon, by artist-in-residence Jane Wolff. This
visual dictionary of illustrated flash cards defines a working vocabulary for observing,
exploring, and coming to terms with the complicated environment of San Francisco Bay.
Its premise is that language is the first tool for perception: we cannot recognize what we
cannot name. The cards include questions about the scenes they depict, inviting users to
look closely at the landscape and to wonder about its meanings.
North Gallery/Outdoor Gallery: Wind, Water, Waves—Open Your Senses to this
Place by the Bay
The Outdoor Gallery has no unique, defined theme; rather, it brings together
concepts explored inside the museum and mixes them together with the real, un-curated
world. It’s not unusual for a museum to have a delineated sculpture garden or
horticultural display on its grounds, but this is different. All of the Exploratorium-owned
area surrounding the museum building—about two acres—is part of the gallery, and
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everything on it is an exhibit. This includes artworks, people, pigeons, rain, and bicycle
racks. The website implores: “Investigate forces shaping the City, Bay, and region.
Watch shifting winds and tides, reveal hidden life, shake a bridge, observe human
behavior, and find new ways to notice the places we inhabit” (Exploratorium, n.d., n.p.).
As this is the least traditional gallery in the museum and its objectives are broad and
varied, I’ll include the entire Curators’ Statement for explanation:
The guiding principle of the Outdoor Gallery is to support and expand the
Exploratorium’s role as a community museum dedicated to awareness. Helping to
reinvent the civic role of a public museum as a place to gather and exchange
ideas, the gallery also exemplifies how direct observations of natural and urban
phenomena can blossom into artistic endeavors, scientific investigations, and
open-ended inquiries.
The gallery features a combination of large- and small-scale exhibits,
rotating art installations, and public programs (including vendors, performance
artists, and public exhibitions). Our defining location on the urban edge of the
City and the Bay enhances visitors’ ability to perceive their surroundings with
heightened precision and clarity that leads to deepened insight and understanding.
The gallery team is also extending its efforts beyond the boundaries of the
Exploratorium campus, developing community-based partnerships that stretch
throughout San Francisco and the Bay Area to create interactive outposts that both
engage and delight. (Lani & Dimond, n.d., n.p.)
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The contents of the Outdoor Gallery are largely ephemeral, changing as quickly
as the passage of tourists across the plaza or the movement of Explainers demonstrating
phenomena from their carts of props. While some artworks are permanently installed,
others can be seen for periods lasting from a few hours to a year. A permanent feature is
Bay Windows. Visitors spin these three disks filled with water and samples of Bay mud,
sand, and gravel collected from three nearby locations. The contents swirl together, then
quickly settle in distinguishable layers when the motion stops, replicating the movement
and settling characteristics of Bay sediments. A mobile exhibit is the Rickshaw Obscura,
a custom-built variation on the classic camera obscura that is mounted on a three-wheeled
bike. Pedaled by a staff member, it easily roams the Exploratorium’s plaza, the
Embarcadero, and even ventures out into the city. A semi-permanent installation was
DAYLAY, an exploration of the world of night by the experimental music group Lucky
Dragons. On view for a year starting with the Pier 15 opening in April 2013, this dynamic
light and sound installation was housed inside a fourteen-foot circular opening in the pier
above the water, just outside the main entrance to the Exploratorium. Microphones
recorded ambient sound during daylight hours and then played back the audio at night,
delayed by twelve hours. LED lights reflecting off the water gradually grew brighter and
brighter over the course of the night, so that 8:00 p.m. sounded and looked like 8:00 a.m.;
12:00 a.m. looked and sounded like 12:00 p.m.
Other Exhibit Areas
In addition to the six main galleries of the museum, several smaller spaces are
used for exhibits and performances. In the atrium between the West Gallery and South
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Gallery hangs a small exhibition on Exploratorium history. Framed photos document
Oppenheimer, a few long-time staff members, and several artists-in-residence. People’s
individual personalities and contributions seem to be important in this self-curated
display. Display cases contain eclectic pieces of the institution’s history, such as a steel
beam with a deep groove worn in it from decades of visitors pulling a cotton rope across
it as they played with an exhibit.
Two corridors connect the South Gallery and Central Gallery, each containing a
collection of classic Exploratorium exhibits that illustrate important concepts but don’t fit
directly into one of the six main gallery themes. In the South Corridor is an exhibition on
Electricity and Magnetism, while the exhibits in the Central Corridor are about Time and
Motion. The East Mezzanine holds two exhibit collections: Modeling Landscapes and
Heat & Temperature.
The Kanbar Forum, a 3,600-square-foot multidisciplinary theater space fitted with
a Constellation acoustic system that can change the Forum’s acoustic properties with the
press of a button from a nonreverberant recording studio to an immersive concert hall. It
is a venue for films, lectures, concerts, and the Webcast Studio located in the corner of
the Central/Seeing & Listening Gallery.
Populating the Museum
These descriptions of the museum space have been quite staid—just basic
accounts of the facilities and floorplan with little mention of the visitors that inhabit it
and how they use the spaces. The following four chapters are dedicated to discussion of
action, and of the constant motion and clamor that fill the museum. As explained in
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previous chapters, most of the exhibits in the Exploratorium have little value or substance
without users to activate them. In chapter six, I present detailed accounts (both observed
and experienced) of user interactions with several of the museum’s exhibits to
demonstrate how Exploratorium visitors construct new knowledge.
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CHAPTER 6 : A CONSTRUCTIVIST MUSEUM
Created to entertain as well as to edify, for centuries museums were temples to
human achievement, built to glorify human genius, knowledge, and creativity. The word
“museum” was derived from the Musaeum of Alexandria, where many of the most
famous thinkers of the ancient world studied. This research institution—dedicated to the
Muses, the nine goddesses of the arts—included the great Library of Alexandria, one of
the largest and most significant libraries of the ancient world, as well as lecture halls,
meeting rooms, and gardens. The Museaum functioned as a major center of scholarship
from its construction in the 3rd century BCE until the Roman conquest of Egypt in 30
BCE, when it was destroyed by fire.
Since the late sixteenth century in Europe, “museum” has designated a place
where a collection of natural and man-made objects affords recreation to the studious.
Cultural treasures, oddities, and the cherished artifacts of humanity are protected and
preserved within. The earliest museums were organized around the personal
collections—cabinets of curiosities or “wunderkammers”—of prominent scholars,
wealthy families, and royalty, and were occasionally open to the public. Colonial
expansion brought a rich harvest of new natural objects and cultural exotica back to the
cities of Europe, expanding many collections. When newly established scientific
academies decided to make their own repositories of natural objects and scientific
instruments in the second half of the seventeenth century, the old Renaissance collections
were reorganized to fit into the new maps of knowledge created by the Scientific
Revolution. The revised collections served the needs of experts and scholars at scientific
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academies and universities. The first science museums represented science as a set of
accomplishments achieved by great men (and a few women). Exhibits displayed the tools
they used and the objects or knowledge they created or discovered, along with
biographical information highlighting each scientist’s extraordinary qualities.
The Exploratorium broke with the traditions of such museums. Oppenheimer
wrote: “The Exploratorium is not designed to glorify anything. We have not built exhibits
whose primary message is, ‘Wasn’t somebody else clever,’ or ‘hasn’t someone done a
great service to mankind and the American way of life’,” (1972, p. 982). Rather than
glorifying individual achievements of people, the Exploratorium seeks to instill a sense of
awe at the subtleties, complexities, and the almost unbelievable reliability of sensing and
processing of which humans in general are capable. Instead of highlighting a few
remarkable individuals, the Exploratorium demonstrates how all humans are
extraordinary. It makes tangible the conclusions we can extrapolate from a small amount
of sensory information and the things we can observe that are too quick, small, or subtle
to register in the conscious mind (Oppenheimer, 1972). Oppenheimer argued that “smart”
and “stupid” people really weren’t very different:
The ability to solve a differential equation was only an infinitesimal advance over
the ability to speak and write. The ability to read Hamlet was unimpressive
compared to the ability to recognize one’s mother. The ability to win a game of
tennis was only slightly more wondrous than the ability to eat with a knife and
fork. “The ability to dance gracefully,” he wrote, “is rare and a delight to find, yet
it is only a slight improvement on the ability to walk.” (Cole, 2009, p. 68)
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Quite unlike the preservation and glorification objectives of most museums,
Oppenheimer wanted to create a place to fill the holes left by formal education and to
bridge the gaps between traditional art museums, science centers, and museums of
industry and technology, (Hein, 1990). The Exploratorium was his antidote to the rushed
or overly rigid schooling most people experienced. “No one flunks a museum,” he often
said (Cole, 2009, p. 13). People don’t record grades for museum experiences or list the
museums they’ve attended on job applications, freeing them of some of the tensions that,
in his mind, made education unbearable and ineffective in school (Cole, 2009).
Oppenheimer also credited schools in part for making the populace information rich but
experience poor—they had memorized plenty of facts, but their bodies had remained
completely unengaged. He wanted people to get back in touch with experience, to build
intuition rather than acquire specific pieces of knowledge, and the Exploratorium could
provide opportunities for experiences and exploration that didn’t exist elsewhere (Cole,
2009). As described in earlier chapters, everything in his museum was touchable.
Nothing was behind glass unless it was a dangerous or very fragile portion of an
otherwise touchable exhibit. He installed no stanchions, railings, or security cameras.
The founding structure and implementation of the Exploratorium were based
largely on Oppenheimer’s intuition and the wisdom gained from his extensive teaching
and curriculum-writing experience and a life of making art, looking, tinkering, and
discovering. He didn’t read the academic literature or implement standard museological
practices of the time. His years as a university professor, high school teacher, and high
school curriculum developer and in-service trainer shaped his ideas about the most
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effective way to teach. His ideal method was based on undirected, hands-on
experimentation and discovery—he called it “sightseeing” (Cole, 2009). A place for
sightseeing, the basis for all discovery, was exactly what Oppenheimer had in mind when
he built the Exploratorium. He cited the worldview-changing discoveries of sightseeing
voyages by explorers like Marco Polo and Charles Darwin as inspiration. He explained
that when we view enough individual sights they combine to form patterns, which
constitute a simple form of understanding. Eventually, seemingly disparate patterns
coalesce to form larger patterns that provide deep insights about nature (Oppenheimer,
1972). He compared the viewing of sights through traditional educational methods and
settings—in classrooms and films—with sightings from the windows of trains that don’t
stop or back up, experiences that are dominated more by the smells, sounds, and motions
of the train than by the landscape. The more the learner is involved with the sights
through touching, feeling, smelling, and activity, the more rewarding it can be. Lingering,
backtracking, and interacting with others enhance the experience (Oppenheimer, 1972).
The museum setting allows for sightseeing that is self-paced and spontaneous, with
multiple senses engaged.
Before Constructivism: Discovery Learning
The discovery learning movement of the 1960s was based on the belief that
students should learn by doing rather than by memorizing. Jerome Bruner is credited with
originating discovery learning in a 1961 article in Harvard Educational Review, but his
ideas are very similar to those of earlier writers such as John Dewey, a philosopher,
psychologist, and educational reformer whose work created the foundation of many
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contemporary museum learning theories. Dewey (1938) stressed the value of experience
for education as a way to move beyond the paradigm war between the two extremes of
traditional education (formal, with students sitting passively at their desks while they read
textbooks and listen to lectures) and progressive education (informal, with students
actively engaged in choosing subjects of study and finding knowledge). He believed that
all genuine education comes from experience, but he was also clear that not all
experiences are genuinely or equally educative. Unorganized experiences can actually
halt progress, or be merely enjoyable or entertaining without challenging or stimulating
participants. In addition to his ideas about the importance of active, challenging, and
stimulating educational experiences, he also published his theories about how learners’
past experiences affect their expectations and experiences in current and future learning
situations. He believed that experience arises from the interface of continuity and
interaction. Continuity is the idea that each experience a person has influences his or her
future, for better or worse: all contribute to the personal context. Interaction, or social
context, refers to the effect of situation on one's experience. A person's present
experience is a function of the interaction between his past experiences and the present
situation.
The basis of Bruner’s writings and of the discovery learning movement is that
students are more likely to remember concepts if they discover them on their own as
opposed to being taught directly with traditional lecture and text. In addition, Bruner
argued that discovering for oneself teaches a learner to acquire information in a way that
makes it more readily viable in problem solving (Bruner, 1961). Discovery learning takes
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place in situations where the learner draws on personal experience and prior knowledge
to solve problems. Students interact with their environment by exploring and
manipulating objects, performing experiments, conducting simulations, justifying or
explaining one side of a controversy, detecting patterns, and more. Discovery learning
can occur whenever the student is not provided with an answer, but rather the materials to
find the answer himself. It was widely adopted and retains some popularity today,
although the method has been criticized for the lack of guidance provided to learners.
Bruner himself cautioned that learners must have some base knowledge in the topic, and
critics of the method worry that learning taking place may have errors, lead to
misconceptions, or be confusing or frustrating to the learner (Alfieri, Brooks, Aldrich, &
Tenenbaum, 2011).
In spite of his frequent use of the word “discovery” in describing his ideal place
for scientific sightseeing, Oppenheimer felt that the discovery method of teaching being
touted in the 1960s was too often the arranging of a lesson or an experiment so that
students discovered what they were supposed to discover; to him that was not exploration
(Hein, 1990). In his view, real exploration must allow for people to find things that even
the teachers (or the museum staff) didn't know about when they developed the exhibit or
the lesson. The discovery is never definitively complete. This was one of the limitations
of in-school learning that necessitated the supplementation an informal learning
environment like a museum could provide—discoveries didn’t have to end with concepts
listed in the curriculum. What Oppenheimer couldn’t have known at the time was that
teachers were doing discovery learning right; what he wanted wasn’t actually discovery
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learning, but rather an approach to education that was just being defined and accepted in
educational contexts5: constructivism.
George Hein, the first researcher to apply Piaget’s ideas to the museum context,
described the relationship between discovery learning and constructivism (1999). He
wrote that any educational theory has two components: a theory of knowledge (what is
learned), and a theory of learning (how it is learned). Theories of knowledge
(epistemologies) can be mapped on a continuum with the extreme positions on each end:
positivism—knowledge independent of the learner that can be observed, measured, and
objectified—on one end; at the other end, knowledge existing only in the mind,
constructed by the learner. The psychology of learning can also be mapped on a
continuum. On one end is behaviorism, which sees the learner as a blank slate or empty
vessel, incrementally assimilating facts until knowledge results. On the other end of the
continuum, learning is the ongoing process of constructing meaning. When the two
components of educational theory are mapped together, with the continuum of learning
on the X-axis and the continuum of knowledge on the Y-axis, the result produces four
quadrants, as seen in Figure 6.1.

5

This was partly due to new research in cognitive psychology that supported the efficacy of the theories of
Dewey, Piaget, and others (Hein, 1991).
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Figure 6.1. Four Possible Combinations of Learning Theory and Epistemology (Hein,
1999).
The placement of discovery learning in Hein’s diagram reveals why Oppenheimer
found it restrictive: It is located in the upper right quadrant where the learner constructs
knowledge, but knowledge exists outside of the learner. The learner’s ability to construct
knowledge is unlimited, but the knowledge to be constructed is finite, limited to what
exists in the curriculum, the textbook, or the teacher’s understanding. Oppenheimer’s
definition of discovery is unlimited in both aspects, so that the learner can construct any
knowledge, even beyond what is known by others. This corresponds with the lower right
quadrant of Hein’s diagram, which is occupied by constructivism. At the time the
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Exploratorium was created constructivism was still being developed as an educational
theory, and had not yet been popularized in the United States.
Constructivism was first proposed not as a mature theory but as an area for study
by the developmental psychologist Jean Piaget in his book The Construction of Reality in
the Child (French edition 1937; first published in English in 1954). The book is a sort of
philosophic treatise in which Piaget states and discusses a number of hypotheses and then
offers proof from observations of one or more of his three children. The observations are
largely naturalistic, but some simple experiments and comparative observations are also
included. One reviewer at the time wrote that the book, with its nearly 400 dense pages,
contains enough hypotheses to occupy the lifetimes of a host of investigators
(Pasamanick, 1955).
After the book was published Piaget spent much of the rest of his life testing and
validating his hypotheses through experiments and investigation. He created a model of
the learning process with four components: schemes, assimilation, accommodation, and
equilibrium. Information on how things work is mentally organized by the learner in
schemes. Assimilation is the act of placing new information into schemes, resulting in
accommodation: the transformation of existing schemes or the creation of new ones.
Learning is learner-driven: the motivation for learning is the predisposition of the learner
to adapt to his or her environment, creating equilibrium between schemes and the
environment. Continuous interactions between existing schemes, assimilation,
accommodation, and equilibrium create new learning. Each learner’s schemes are unique,
and the knowledge constructed is personally meaningful. If there is no scheme into which
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new information can be placed, and no new scheme is created, no learning occurs. This
activity of mind takes places within a social and cultural framework, with the role of
teacher recast as that of facilitator or enabler (Hooper-Greenhill, 1999). By the time of
Piaget’s death in 1980, he and other researchers and theorists had developed
constructivism into a viable educational theory that began to be adopted in schools and
museums throughout the United States.
Constructivist Learning in Museums
The educational positions outlined by George Hein (Figure 6.1) can be applied to
museums. To do so, Hein poses two questions that must be answered: What theory of
knowledge is applied to the content of the exhibitions? How do museum staff believe that
people learn? The four quadrants in the previous diagram correspond with four different
kinds of museums, as illustrated in Figure 6.2.
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Figure 6.2. Four Different Kinds of Museums (Hein, 1999).
Because it represents centuries of traditional museological practice, examples of
the systematic museum, represented in the upper left quadrant, are common. The content
in such museums is meant to represent universal truth in the tradition of Plato, and it is
doled out to visitors in bite-sized pieces that are presented chronologically or in a similar
systematic, frequently linear, fashion. The objects on display are often treasures or
masterpieces of some sort—the best available examples of the concepts being presented.
The systematic museum teaches in the way Hein describes:
The great triumph of Western intellectual history from the Enlightenment until the
beginning of the 20th century rested on its ability to organize the knowledge of the
world in a rational way independent of the learner, determined by some structure
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of the subject. Disciplines were developed, taxonomic schemes established, and
all these categories were viewed as components of a vast mechanical machine in
which the parts could be explained in terms of their relationship to each other, and
each part contributed to making the whole function smoothly. Nowhere in this
description does the learner appear. The task of the teacher was to make clear to
the learner the working of this machine and any accommodation to the learner
was only to account for different appropriate entry points for different learners.
(1991, p. 2)
Systematic museums use a transmission model of communication, underpinned
by realist and positivist epistemology and behaviorist learning theory (Hooper-Greenhill,
1999). Information is sent from a knowledgeable source to a passive receiver through a
linear process. The content of the message is determined by the transmitter/
communicator—usually a person or people in positions of power who impose meaning.
Information about “high” culture is given the most value. In a museum setting, the
transmission model looks like this: a curator defines the message of an exhibition, selects
objects for display, and writes text for the labels to accompany the objects. Each label
contains a few facts about the object that support the curator’s defined message. Later, an
educator has to figure out how to make the exhibition relevant to visitors, and he or she
compiles more facts into text that might be printed in a gallery guide or presented during
a guided tour. The target audience is seldom considered beyond the broad categories of
“school groups” and “the general public.”
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Examples of the constructivist museum, as defined by Hein (1999), are more
difficult to find. They contain exhibits that allow visitors to draw their own conclusions
about the meaning of an exhibition. Exhibitions are designed so that multiple paths
through them are possible and information is presented in a variety of modalities. There
are no fixed entry and exit points—the logical structure for the subject matter depends on
the educational needs of the visitor. The constructivist museum uses a cultural/ritual
model of communication in which communication is a process of sharing, participation,
and association that produces, maintains, repairs, and transforms reality. Reality is
continually defined and redefined within negotiated frameworks or interpretive
communities through the act of representing beliefs and values with sign systems.
Communication is a cultural process that binds people together within significant
communities, and this negotiated production, rather than imposing a single meaning,
allows for subjectivity and plural meanings that better meet the needs of individuals.
Knowledge is produced through the interpretation of individuals’ experience, allowing
for continual testing and refining. In this model, a breadth of cross-cultural experience is
valued over a depth of “high” cultural information (Hooper-Greenhill, 1999). In the
Exploratorium, this is demonstrated by the complete lack of information about the great
men and great accomplishments in science that is found in most science museums.
Instead, exhibits focus on elements that are common to the daily lives of all people
worldwide—things like perceiving with our senses and the social dynamics in
communities. Being able to drop the name of a great scientist into conversation certainly
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makes one seem cultured and well-educated, but it does nothing to help us understand
and communicate about our shared human experience.
As it is now widely accepted by educators, curriculum developers, and cognitive
psychologists that learners construct knowledge for themselves, most contemporary
learning theories favored by museum educators are grounded in some variant of
constructivism. Learning is recognized as the process of each learner individually and
socially constructing meaning. Because it is fundamentally visitor-driven, the current role
of museums is to help visitors optimize their own learning. It is the same role
Oppenheimer envisioned in the 1960s for his museum. At a time when discovery learning
was new and revolutionary, Oppenheimer anticipated the next step in museum learning
and created an almost entirely constructivist museum decades before most institutions
opened their first constructivist exhibitions.
Principles of Constructivist Thinking
George Hein (1991) outlined several guiding principles of constructivist thinking
and characteristics of constructivist learning spaces. In the next section I illustrate each
with examples from the Exploratorium. Although I had some prior science knowledge
when I visited the museum, in most cases the concepts I describe in conjunction with
example exhibits represent knowledge learned through the Exploratorium or through
research inspired by my visits there.
Learning is an Active Process, and Constructing Meaning is a Mental Process
Learners construct meaning out of sensory input they collect. Physical
interactivity, the ability of an exhibit to respond to visitor actions, is now considered a
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cardinal feature of science centers. From the constructivist perspective, this is the part of
science learning that involves giving the learner access to the key phenomena of the
natural world. Research on visitor learning in museums suggests that interactivity
promotes engagement, understanding, and recall of exhibits. These studies show that both
children and adults recall actions they themselves perform better than those they observe
(Allen, 2004).
Physical involvement is a necessary condition for children to learn and a highly
desirable one for adults, but it is not sufficient on its own. Hands-on activities should also
be minds-on (Dewey called this reflective activity). They must provide something to
think about as well as something to touch or do, but not all learners require the same ratio
of activity to reflection in their learning experiences. A learning style system proposed by
David Kolb (1984) classifies learners according to their preferred modes of perception
and processing of information. Kolb developed the Learning Style Inventory (LSI) to
evaluate the way people learn and work with ideas in day-to-day life. The instrument
consists of twelve questions, each with four possible responses—one in each of four
columns that relate to the four stages in the learning cycle identified by Kolb: Concrete
Experience (feeling), Reflective Observation (watching), Abstract Conceptualization
(thinking), and Active Experimentation (doing). When these are graphed (Figure 6.3),
feeling and thinking become the endpoints of the continuum of perception (Y-axis), and
doing and watching create the opposite ends of the continuum of processing (X-axis).
The four quadrants created represent four types of learners: Divergers perceive
information concretely and process it reflectively; assimilators perceive information
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abstractly and process it reflectively; convergers perceive information abstractly and
process it actively; and accommodators perceive information concretely and process it
actively.

Figure 6.3. Kolb’s learning styles and cycle of learning.
Kolb believed that the most effective problem solving and learning occur when
people use the skills of all four types of learners. While each learner has one or more
preferred styles, ideally s/he moves through the entire cycle of learning (represented by
the dashed line in Figure 6.3), completing all four stages. When that is the case, the
learner’s type in that activity changes depending on his or her point in the cycle.
Otherwise, the learner tends to spend the most time in his or her preferred learning style.
A converger, or someone in the converging stage of the learning cycle, will be both
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hands-on and minds-on at the same time, while the diverging style involves watching
passively and collecting sensory information.
The hands-on + minds-on approach is demonstrated by a classic and muchemulated Exploratorium exhibit, Colored Shadows (Figure 6.4). This exhibit consists
simply of a white wall and three light sources—lightbulbs with metal reflectors—in three
different colors: Red, green, and blue. The lights are mounted several inches apart so that
they all point in the same direction and illuminate the wall, bathing it in the white light
that is produced by the combination of the three colors.

Figure 6.4. Colored Shadows. Three museum visitors experiment with their multiple,
colored shadows.
As an Exploratorium visitor walks past the wall, inattentive to the three light
sources, she casts multiple overlapping shadows in different colors—a surprising sight
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that brings her to a halt. She identifies the locations of the light sources and plays in front
of the screen for a few moments, enjoying the many simultaneous silhouettes of her
waving arms while striking several different poses, before looking around for some
information about what’s going on. A nearby text panel contains this instruction: “Move
your body in front of the wall, near and far. How many different colored shadows can
you make?” The visitor obediently resumes experimentation, this time more purposeful
and systematic than the earlier dancing and flailing as she tries to search for the position
that results in the greatest number of distinct shadows, or one that reveals a color not
previously seen. She then returns to the text panel to read more about the phenomenon,
wondering if she “did it right.” After reading that the different possible combinations
from the three light sources can produce six distinct colors plus black and white, she once
again jumps in front of the illuminated section of wall and, with impromptu hand
puppets, proceeds to produce shadows of all six colors plus black. In three periods of play
and active discovery separated by two short periods of reading/thinking about the results
of the play, she has learned something about color mixing and complimentary colors,
properties of light, and shadows. While this exhibit is a better example of discovery
learning than constructivist learning (the number of possible colors is finite, and the
visitor is told how many to look for), the concepts taught by the exhibit can be applied to
surrounding activities that are more open-ended.
When this learning activity is aligned with Kolb’s model, it is possible to identify
more than five stages in the learning encounter (three periods of active discovery and two
periods of reading/thinking), as the four-stage cycle is repeated during the encounter.
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Some stages in Kolb’s learning cycle happen very quickly, while others fill a majority of
the activity time. A visitor walking past the exhibit notices the colored shadows and
realizes that s/he (or a companion) is casting them—this almost instantaneous collection
of sensory information is the Concrete Experience stage. Reflective Observation begins
almost immediately as the visitor watches to see what else will happen, and almost
immediately switches to the Abstract Conceptualization stage to think about how s/he
will interact with the exhibit to cause things to happen. Active Experimentation—moving
and dancing in front of the wall while observing the changing shadows—lasts
significantly longer than the first three stages of the cycle. Concrete Experience begins
again as the visitor moves to the text panel to take in more information, and the cycle
repeats, probably multiple times in the case of the activity described above.
People Learn How to Learn as They Learn
Learning consists both of constructing meaning and constructing systems of
meaning used for organization. In order to make sense of differences in liner time or
space, for example, people must first understand concepts related to chronology or
geography. To grasp how some variable affects pitch, the learner must first understand
that tones can exist on a continuum from high to low, and have some language to talk or
think about them. In the previous example, visitors engaging with Colored Shadows can
only learn from the exhibit once they comprehend that an object placed between a light
source and a plane blocks the light to cast a shadow on the plane, and also have the
ability to recognize different colors and label each one uniquely.
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Unlike many Exploratorium exhibits, Hole Saw Rhythms (1990), by artist-inresidence Marco Antonio Guimaraes, first steers the user toward a set of desired
outcomes before encouraging free experimentation and discovery. It is designed to teach
about rhythm and tempo—two organizing systems that, when understood, enable the
acquisition of additional understanding ranging from heartbeats to human speech to every
style of music. The exhibit must be relatively prescriptive to communicate the necessary
foundational concepts. Guimaraes’ artwork (Figure 6.5) resembles a stereo turntable with
the tone arm mounted in the center of the circle. A stationary black disc about two feet in
diameter is mounted horizontally on top of a table. A metal arm, the length of the radius
of the disc, rotates from a pivot point in the center of the disc. The outlines of three
shapes are painted on the surface of the disc, centered in the circle with the outer corners
touching its edges: A red triangle, a blue square, and a yellow pentagon. At each point
where the corner of a shape reaches the edge of the disc, there is a ¼” vertical hole drilled
in the table, with additional holes in between, creating a ring of holes around the outer
edge of the disc. A labeled start button and a speed knob are installed on the tabletop to
one side of the disc. The final component of the artwork is several hole saws ranging
from 1.5” to 2.5” in diameter—metal cylinders with one serrated edge (teeth blunted for
safety in the museum) and a long drill bit in the center, designed for use with a power
drill. Every time I approached the exhibit the drill bit “posts” of a few hole saws were
inserted in holes in the table, so I could quickly ascertain that they were intended to be
placed in the holes at different points around the edge of the disc.
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Figure 6.5. Hole Saw Rhythms.
The artwork Hole Saw Rhythms can provide an engaging visitor experience on its
own. A visitor using it without benefit of any instructions or explanation would likely
spot the start button fairly quickly and press it to find out what happens. The metal arm
would begin to spin, producing tones as its rubber tip struck each saw in passing. After a
few rotations of the arm, the visitor would probably try out the speed knob, speeding up
and slowing down the sequence of notes, and continuing to press the start button (each
press of the button causes the arm to spin for several seconds). If this feedback were
compelling enough to the individual, s/he might place additional saws in holes around the
disc to create more notes, or reposition them to change the amount of time between tones.
Recognizing that different saws produce different pitches, a very engaged visitor might
rearrange the order of the saws to create an improvised melody. A visitor might spend up
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to 10 minutes playing with the artwork in this way—a significant amount of time for a
single museum exhibit. As a musician with a strong foundation in music theory that
enabled me to understand everything that would happen before the first time I pressed the
start button, I still found myself engaged for several minutes in trying to create the most
pleasing possible melody from the available components. I regarded the three colored
shapes on the disc as decoration, not attempting to place saws at the corners of each
different shape to find out if they had a greater purpose, but it is likely that a visitor with
less musical experience would recognize the shapes as clues for meaning-making.
The text panel included in the exhibit changes the way a visitor engages with Hole
Saw Rhythms.6 Beneath the exhibit title and artist’s name is this imperative: “Make
familiar rhythms and discover new ones of your own.” Below, in smaller text, are brief
instructions for three activities, each teaching different elements of a music-related
organizing system:


“Place these round saw blades around the circle’s edge to create rhythms.
Press start and turn the speed knob to experiment with different tempos.”
Here the visitor is introduced to important vocabulary, the words “rhythm”
and “tempo,” and discovers that many variations of each are possible. Basic
operation of the exhibit is also explained, useful for those who do not
immediately notice or understand the purposes of the button and knob.

6

After studying the exhibit, I would like to know if the artist was involved at all in determining the content
of the didactic panel or if it was created by museum staff once the artwork was completed, but that
information is not available.
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“Try accenting beats by placing two blades together. Divide beats by adding a
blade halfway between two others.” This activity teaches another important
term in the organizing system: Beat, a name for each building block in a
rhythmic sequence. It also teaches the more sophisticated concepts of accents
and subdividing. The implications of this activity are likely to be lost on
complete beginners, but it could produce “aha” moments for those who
already understand basic rhythm or have used the exhibit before.



“Place blades at the corners of the colored outlines to make familiar rhythms.”
This activity is the most prescriptive, telling users exactly where to place the
blades. It is also intended to teach the most sophisticated concept: An
organizing system known in music theory as time signature, although that
vocabulary is not used. It is, however, explicitly tied to music rather than
some other application of rhythm (like cardiopulmonary function or poetic
meter) through connections with songs that are likely to be known by most
people living in the U.S. As the text panel explains, saws at the corners of the
red triangle produce a 3-beat rhythm as in the familiar song “Take Me Out to
the Ball Game.” The blue square produces the 4-beat rhythm of “Mary Had a
Little Lamb.” The yellow pentagon creates the 5-beat rhythm of the Mission
Impossible theme song7. It isn’t difficult to match one’s humming (internal or
audible) of any of these songs with the 3-, 4-, and 5-beat rhythms produced by

7

Kudos to the creators of the text panel for coming up with a well-known example of a song with a fivebeat rhythm—they’re very rare, and I can’t think of another popular example.
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the spinning metal arm, so many visitors probably walk away with an
understanding that different songs have different rhythmic patterns. That is
probably as much as a visitor can digest if it is their first exposure, but those
who already have a schema in place to organize this information might begin
to comprehend the rest of the text on the panel, which introduces a much more
sophisticated element of time signature.
Once visitors have completed, attempted, or at least observed8 these three
activities, ideally they will follow the imperative on the text panel to create their own
rhythms with the exhibit. I speculate this is more likely to happen with visitors who are
not socialized in traditional museum etiquette: Kids, those who have never visited any
other museum, and repeat visitors to the Exploratorium. When instructions are present we
are conditioned to read and follow them rather than disregarding an authority (in this
case, the museum) or regarding the experience as an opportunity for play. Ideally, the
three activities have engaged or entertained the visitor and instilled a sense of
accomplishment to the extent that s/he continues to play with the artwork, trying to
replicate other familiar songs or compose one of their own. User behavior at this exhibit
could be an entire study on its own.
Learning Involves Language
The language we use influences learning. Although much is still unknown about
language and cognition, studies have shown that the speed and sophistication of cognitive

8

Some visitors are sure to be intimidated by hands-on participation, and might opt for the safety of quietly
observing. Learning from watching others is common in the Exploratorium, and I discuss it later in this
chapter.
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processes, among other qualities, are influenced by the use of silent and spoken language.
Piaget wrote about the connection between cognitive development and language in The
Language and Thought of the Child (1959; first published in French in 1926). The first
chapter opens with Piaget’s driving question: “What are the needs which a child tends to
satisfy when he talks?” (Piaget, 1959, p. 1). If the purpose of language is strictly to
communicate with others, he wondered, why do children talk when they are alone, and
why do adults talk to themselves? In observing many four- and six-year-old children,
transcribing everything they said while they worked and played, he found that often
children are not talking to anyone in particular when they speak—they are thinking aloud.
He identified two types of speech: socialized (for social communication) and egocentric.
Within the egocentric type he named three patterns:
1. Repetition: Speech not directed to others, for the simple pleasure of saying words
(a type of verbal play).
2. Monologue: Commentaries that narrate the child's actions or play.
3. Collective monologue: When children are talking apparently together without
taking into account what the others are saying—a room full of children all
simultaneously talking to themselves.
Piaget explains that because young children don’t yet have full facility with
language, their speech is often augmented with gesture, movements and sounds to
represent things they don’t know how to express in words. Their undeveloped linguistic
ability leaves them unable to see things from another’s point of view. Until a certain
age—seven, in Piaget’s estimation—children have no “verbal continence,” speaking all
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thoughts out loud. They have no need for privacy or the withholding of thoughts to be
sensitive to others. As the child matures and develops a fully socialized speech pattern
(s/he speaks when it is appropriate and remains silent at other times, doesn’t overshare,
doesn’t say hurtful things, for example), most egocentric speech becomes silent thought
or inner monologue. The mastery of language allows adults to understand—or at least be
aware of—others’ points of view, and they move beyond egocentric thinking.
Eight years after Piaget published the results of his research in Switzerland, a
contemporary in the Soviet Union, developmental psychologist Lev Vygotsky, published
his theories on the same subject. Vygotsky also observed that children spend considerable
time talking to themselves. In Thought and Language (1986; first published in Russian in
1934), he argues that language and learning are inextricably intertwined, and that the
function of self-talk (Vygotsky’s term for egocentric speech) extends beyond verbal
rehearsal of words. He proposed that young children are only able to think out loud, and
like Piaget he believed that inner speech develops from external speech through a gradual
process of internalization. He established an explicit connection between speech (both
silent inner speech and spoken language), and the development of mental concepts and
cognitive awareness. In young children, language begins as a tool for social interaction.
The child then uses this newly-acquired tool for self-talk, or thinking out loud. Gradually,
self-talk is used more as a tool for self-directed and self-regulating behavior. By the time
the child starts school, self-talk has usually evolved into inner-speech—a modified and
compressed form of spoken language that is a unique semiotic system. External speech
continues to be used for social communication, while the child mediates and regulates his
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or her activity thorough thoughts, which are mediated by the semiotics of inner speech.
Thinking can take place without language, but it develops to a much higher level of
sophistication when mediated by language.
Psychologists and linguists since Piaget and Vygotsky have continued to study the
effects of language on cognition and perception. While the role of children’s speech in
cognition has been studied for at least a century, the function of self-talk in adults is less
understood and has only recently become a subject of formal research. Most adults talk to
themselves regularly, almost daily. Experts generally agree that talking to oneself can be
beneficial, whether expressing emotions or trying to remember a specific piece of
information. Self-directed speech gives some of the benefits of talking to another person,
even though there’s no one there to hear it. Researchers have argued that words stabilize
abstract ideas in working memory, making them available for inspection (Clark, 1997). It
is known that individuals with acquired language impairments (aphasia) have difficulty
performing a number of nonverbal tasks that were not a problem prior to the aphasia.
Suppressing articulation also impairs healthy adults’ ability to switch from one task to
another, even when they are relatively simple and low-level perceptual tasks, suggesting
that language actively modulates aspects of visual processing (Lupyan & Swingley,
2012). A recent study was motivated in part by an observation from daily life: While
searching specific objects, people often repeat the name of the object. The researchers
wondered if this behavior is useful. If so, does the name simply serve as a task reminder
or can it actually affect ongoing visual processing? From a number of experiments they
observed that verbal labels improve the speed and efficiency of visual processing and
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increase the ability to attend simultaneously to multiple regions of space. They concluded
that spoken language modulates ongoing cognitive and perceptual processes in the
language user, positively affecting performance on nonlinguistic tasks (Lupyan &
Swingley, 2012).
The results of this research indicate that the museum as silent temple could be an
impediment to learning. While I’m not aware of any museums that strictly enforce a very
quiet or silent environment, the atmosphere in most museums makes visitors selfconscious about creating noise above whispers or low speech, and uncomfortably aware
when their voices and footsteps echo through galleries and corridors. All but the quietest
sounds draw glances or stares from other visitors. The most awkwardly quiet museums I
have visited are art museums and those featuring special exhibitions with particularly
good and comprehensive audio guides. In those cases my companions and I immediately
plug into our guides, communicating with just a few hand gestures for the rest of the visit.
We discuss the most memorable artworks and related facts as we leave a museum, but the
conversations don’t last long without the objects in front of us for further examination.
Audio guides are often welcomed by solo visitors to art museums (usually not
constructivist environments to begin with), but they generally have an isolating effect.
Moderate levels of background noise and activity throughout much of the
Exploratorium create a comfortable setting in which to move and talk freely without
drawing attention or disturbing other visitors. Those who prefer a quiet place to think
about what they’re seeing and doing—a minds-on activity to complement the hands-on
opportunities all around—can enter one of the specially-designed quiet areas. In order to
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increase opportunities for abstract conceptualization and reflective observation,
Exploratorium staff created exhibit collections that are quiet, in carpeted areas with
selective lighting and partitioning of the space. The exhibits in quiet areas support
observation and reflection rather than hands-on activity. Evaluation studies have shown
that Exploratorium visitors notice and value the diversity of such spaces within the
museum (Allen, 2004).
In some Exploratorium exhibits language is employed intentionally to promote
learning. Beyond encouraging general verbalization and discussion in the museum,
selected vocabulary, syntax, and semantics are emphasized in these exhibits. Bay Lexicon
by artist-in-residence Jane Wolff, an exhibit in the Bay Observatory Gallery, is based on
the premise that language is the first tool for perception: We can’t recognize what we
can’t name. The work, a visual dictionary of 48 illustrated flash cards, defines a working
vocabulary for observing, exploring, and understanding the complicated environment of
San Francisco Bay. According to Wolff, San Francisco Bay’s scenic power has obscured
its ecological complexity (Wolff, 2013). Its landscapes are ecological hybrids—the
products of long, reiterative interactions among geography, environmental processes, and
human actions.
Each card contains a line drawing and a question about the scene depicted. Many
of the cards also include vocabulary and definitions useful in discussing questions. None
of the cards contain answers to the questions; rather, they encourage museum visitors to
contemplate and talk about the illustrations using their prior knowledge, current
observations, insights contributed by companions, and the supplied terms to construct
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explanations. Those constructions are never tested against expert or “correct” answers.
Half of the cards deal with the landscape that is visible from the Bay Observatory’s
windows and the rest describe places and phenomena along the shoreline between Fort
Point and Hunters Point. A display cart serves as an orientation device, including a map
of San Francisco’s dynamic shoreline and drawings of the views from the gallery so that
viewers can identify the flash cards’ locations in the landscape. The cart can be wheeled
around the gallery and into the city, allowing for multiple points of view. Every card is an
invitation to look closely at the landscape and to wonder about its meanings.
One of the flash cards in the set that uses just a few words to draw attention to the
ambiguous boundary between water and land (Figure 6.6). A line that meanders from the
bottom left corner of the card to the top right indicates land rising up out of a body of
water ( a small human figure standing on the line indicates its status as ground). Ten
parallel, dotted lines cross the card horizontally. The label “water?” is printed in red
above the line representing land, and the label “land?” is printed below the land line.
While each viewer will likely interpret the card somewhat differently, the question marks
after the words “water” and “land” bring to my mind these questions: Where is the water

Figure 6.6. “Water? Land?” Image of an illustrated flash card from the exhibit Bay
Lexicon.
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line? Where does the land begin? Can land still be called land when it is under water?
What should we call a location that changes from water to land and back again
throughout the course of every day? After some contemplation I connected the two other
words on the card with numbers on its edges: Tide levels on the left side and elapsed time
on the right side. In my reading, these figures and labels provide scientific data that lends
sophistication to the viewer’s constructed meaning while contrasting with the more
philosophical nature of the water?/land? questions. The card focuses on the effect of an
environmental process on the landscape, with the only human involvement being how we
understand and assign labels to the various elements.

Figure 6.7. "How is fishing connected to mining?" Image of an illustrated flash card from
Bay Lexicon by artist-in-residence Jane Wolff.
Another card in the set asks “How is fishing connected to mining?” (Figure 6.7).
Here, the focus is solely on how two seemingly unrelated human activities, both
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involving natural environments and resources, might be connected. Unlike the previous
example, no data or additional terms are included, and the illustration doesn’t include
enough detail to hint at a “right” answer. The open-ended question seems designed to
stimulate critical thinking and discussion, indicating to me that the artist is more
interested in causing people to recognize the interconnectedness of natural ecosystems
and to think about human impacts on those systems than in teaching museum visitors
scientific facts.

Figure 6.8. “How are islands made?” Image of an illustrated flash card from Bay Lexicon
by artist-in-residence Jane Wolff.
A third example (Figure 6.8) contains quite a bit of text. In addition to the
question “How are islands made?” four relevant terms are defined at the bottom of the
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card. Of the three examples, this one is the least open-ended. The inclusion of a seawall
and dredges in the illustration directs the viewer’s thinking toward practical human
activity and away from answers that are correct but not relevant to this specific situation
(e.g. volcanoes), incorrect but seemingly plausible (e.g. dumping fill dirt from large
excavations), or entirely fanciful (e.g. visiting space aliens, superheroes, or residents of
Atlantis). This card is a better example of discovery learning than constructivist meaning
making, but it illustrates how knowing the right words (and their definitions) to discuss a
problem allows one to construct an answer with scientific merit. We learn of the
existence of objects, ideas, and actions when we learn language to describe them, and we
are able to visualize them concretely.
Learning is a Social Activity
Unlike traditional education, which often involves isolating the learner from
social interaction during learning periods, the constructivist museum fosters conversation
and interaction with others. Learning is associated with our connection with other human
beings, including teachers, peers, family, and the people standing next to us at an exhibit.
People learn as they speak and interact with each other. This learning can be attributed in
part to the language/learning connection discussed above—as we talk, terms and concepts
are reinforced in our memory and connected in our understanding.
A more complete explanation of the positive effect of social interaction on
learning comes from the concept of the zone of proximal development (ZPD), introduced
by Vygotsky. Although only a small part of his larger body of socio-cognitive theory of
children, this concept is the most enduring of Vygotsky’s ideas. He defines the ZPD as
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“the distance between the actual developmental level as determined by independent
problem solving and the level of potential development as determined through problem
solving under adult guidance or in collaboration with more capable peers” (Vygotsky,
1978, p. 86). Figure 6.9 replicates a common visual representation of the ZPD. The ZPD
defines those functions that have not yet matured but are in the process of maturation;
Vygotsky likened them to buds or flowers that have not yet developed into fruit. As a
child follows an adult's example, those buds mature and the child gradually develops the
ability to do certain tasks without help. He believed that children would not advance very
far if they were left to discover everything on their own. In addition to teachers
presenting material that was slightly too difficult for solo comprehension and then pulling
students up to that level, Vygotsky observed that students were often able to complete a
task within a group before they were able to complete it on their own. Guidance could
come from an expert (teacher), or from a peer with a higher skill set in one or more areas.
The ZPD is an expression of Vygotsky’s basic proposition that cognitive development is
not a process that occurs spontaneously, nor can it be explained by a child's interaction
with the physical environment. It occurs because children are embedded within a social
context and surrounded by people of greater expertise willing to share their knowledge
(Schaffer, 2006). Cognitive development can thus be seen as a progression from
intermental functioning to intramental functioning: From joint regulation to selfregulation.
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Figure 6.9. Zone of Proximal Development (ZPD). The location of the ZPD lies between
what a learner can do unassisted (center) and what s/he is not capable of doing, even with
assistance (outer ring).

Educators who follow a constructivist model believe that the role of education is
to give children experiences that are within their zones of proximal development, thereby
encouraging and advancing their individual learning (Berk & Winsler, 1995). In building
upon the concept of ZPD, Wood, Bruner, and Ross (1976) first introduced the term
scaffolding—a structure of support points for performing an action. Support points often
take the form of focused questions and positive interactions. In formal learning settings
an adult or one or more peers provide this support, allowing the child to work
successfully within the ZPD until skills are sufficiently strong to perform the action
without support, at which point the scaffolding is removed completely. Scaffolding is
more flexible than the metaphor might suggest. Rather than remaining in place until an
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action is mastered completely, the amount of support should always be contingent on
what the child is achieving, giving them considerable autonomy (Schaffer, 2006). When
the child is struggling the tutor should immediately offer more help, and when the child is
succeeding the tutor should give less help and fade into the background.
While scaffolding is used widely in formal and informal learning settings, it has
been subjected to two criticisms: It pays insufficient attention to the communicative
processes taking place in the adult–child interaction, and it does not allow for the fact that
the effectiveness of adults' actions is dependent on the particular relationship they have
with the child. Another approach, guided participation, has attempted to correct these
deficiencies. Guided participation, a term proposed by Barbara Rogoff (1990, 2003),
advances a socio-cultural view of human development. Children, she proposed, are
immersed in the practices of their particular culture from the moment of birth. Everything
they experience through exchanges with caretakers, teachers, and other concerned adults
transmits to them the accumulated beliefs and values of their society. Therefore,
cognitive development occurs as new generations collaborate with older generations in
varying forms of interpersonal engagement and institutional practices” (Rogoff, 1998).
The adult acts as guide to the culturally valued practices the child is expected to adopt,
while the child acts as apprentice—an active contributor to the activity that is the joint
focus of the partner's attention. Guided participation, or joint teaching-learning, is
informal and does not depend on a conscious, previously formulated goal.
All of these theories can be applied to learning in the museum setting, with the
museum, museum staff, and any fellow visitor with a higher skill level filling the role of
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adult/teacher and a museum visitor/learner of any age filling the role of child. When
groups of two or more individuals learn together in the museum, the skills and knowledge
of each are compiled to create a bigger picture or greater understanding than is held by
any individual. Each learner’s strengths fill in another’s deficiencies. For example, in
evaluating an interactive exhibit at the Boston Museum of Science in which people could
get information through a variety of modalities—reading labels, listening to tapes,
smelling animal smells, touching animal mounts, manipulating interactive exhibit
components—Hein and colleagues noted that individual visitors preferred different
learning modes. After perusing his or her preferred modality, members of groups were
observed sharing, discussing, and confirming what each had learned (Hein, 1991).
Oppenheimer anticipated this group behavior in his museum and he encouraged it.
He believed people tend to notice more when they’re exploring with someone else. He
explained this as a greater likelihood to notice little things that are interesting or beautiful
when there is someone else to point them out to (Cole, 2009). He observed that people
rarely enjoyed the sights in solitude, even when they explored the Exploratorium without
companions. They seemed compelled to share, spontaneously interacting with strangers
to ask questions, explain, and show things off (Cole, 2009).
This behavior is evident throughout the museum, such as at the bubble table I
observed during my first museum visit (Figure 6.10). The table is roughly circular and is
divided into three sections, each containing a couple of inches of bubble solution and a
metal ring about two feet in diameter. As I watched, three different family groups
clustered around the table, each “claiming” one of the metal rings. A blond woman
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created bubbles for the enjoyment of her preschool-aged daughter while her husband
watched. A teenaged couple worked together to perfect their bubble-making technique,
taking turns dipping the ring in the soapy solution and raising it up high to fill the
membrane with air. A boy of approximately ten years old remained at the table to make
giant bubbles while the rest of his group moved on to an adjacent exhibit. Members of the
three groups talked among themselves—the mother directing her daughter to look and
accepting encouragement from her husband, the teenaged couple conferring about how
they might alter their technique to form an even bigger bubble next time, the young boy
calling out to his brother to show off what he had made. They generally communicated
nonverbally with members of the other groups around the table—looking at the others’
bubbles to see whose was largest, observing each other’s technique and copying it. Very
direct communication occurred within each family group, while indirect communication
passed between the three groups as they learned from observing and copying each other.
The learning was socially mediated on two different levels.
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Figure 6.10. The bubble table. Three different family groups interact internally and
externally during an informal competition to produce the largest bubble.
The Exploratorium is full of exhibits designed for groups learning together—
many can’t be used without at least one companion. While some require a partner
because of a content focus on communication or social interaction, others are just more
effective when they’re not experienced alone. Emotion Tracer (Figure 6.11) requires two
people to sit facing one another on opposite sides of a table. One person places a hand on
a sensor that is mounted on the tabletop. The other person reads from a set of laminated
cards questions that are designed to be embarrassing or uncomfortable to answer. A
computer screen embedded in the table between the two participants shows a line graph
of the first person’s emotional responses to the questions, the line moving up and down to
indicate stronger and weaker responses. The exhibit works because the sensor detects
galvanic skin response (GSR), also known as electrodermal response (EDR), a
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phenomenon in which human extremities, especially the fingers, palms, and the soles of
the feet, increase in electrical conductance when emotions are heightened, causing
microscopic beads of sweat to be released. Water and electrolytes in the sweat are more
conductive of electricity than dry skin (Meyer, n.d.).

Figure 6.11. Emotion Tracer. An interactive exhibit experience at the Exploratorium that
requires two participants.
Bill Meyer, the developer of Emotion Tracer, originally planned it as a single
person experience where a visitor would respond to videos with strong emotional content.
During early visitor testing with a prototype, an important discovery was made: stronger
readings were possible when two people experienced the exhibit together. This insight
came about when Meyer and Joyce Ma, the Exploratorium’s Senior Visitor Researcher,
were on the museum floor informally testing a first iteration of the exhibit with the
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public. A visitor was connected to the sensor and his companion, recognizing possibilities
beyond the stimuli provided in the exhibit, started saying things designed to get a rise
from his friend. Similar behavior was observed from other visitors, and Meyer and Ma
eventually created cards with questions designed specifically to prompt pairs of visitors
to get a rise from each other in friendly ways (Meyer, n.d.).
I see three things in this example that relate to the social aspects of learning: 1)
The history of the exhibit’s development demonstrates how people respond differently—
more strongly—to information or stimuli received as part of an active communication
with another person than to information that is passively heard or viewed. 2) Learning
from/in a group of peers personalizes the learning experience. In this case, the familiarity
of the companion who reads the questions—and probably curates and improvises or
expands on them—customizes the experience for the person connected to the sensor.
When we are part of a group, we tend to modify our words, mannerisms, and actions to
be relevant to and comprehensible by our companions. 3) There is an element of guided
participation here, as the pair of learners discuss subjects that are probably embarrassing
or uncomfortable because they are not aligned with dominant social or cultural values.
The question-reader is in the position of adult in a guided participation interaction: More
knowledgeable about the questions to be asked and driving the topics of conversation.
The listener is like the child in the interaction, following the lead of the adult. When the
sensor detects a strong emotional response to one of the prompts, the reaction reinforces
that these are sensitive topics possibly not considered to be normal or acceptable in
society.
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The Exploratorium also fosters interaction between larger groups of visitors, often
strangers. A popular demonstration that has been held on the museum floor multiple
times per day since the early years of the museum is Cow’s Eye Dissection (Figure 6.12).
At a scheduled time a pair of Explainers place a cow eyeball and a collection of surgical
instruments on the counter of the dissection exhibit booth, located in the East Gallery
(Living Systems) of the museum. The Explainers engage the assembled crowd in
discussion as they dissect the eyeball, then pass around each piece so visitors can touch
and examine parts like the vitreous humor and lens. As visitors learn how an eyeball—
bovine or human, there is little difference except in size—works and the relationship
between its parts, they are drawn into conversations with each other as eyeball parts pass
from hand to hand and observations, questions, and squeamishness are shared. What
could be presented as a lecture by an expert scientist is instead a social learning
experience as learners squish vitreous humor between their fingers and hold a lens up to
their own eye to look through it at each other. In this situation, Explainers can be viewed
more as competent peers rather than as experts. They are very young, dressed as casually
as any museum visitor, informal in speech and manner, and possessed of only a little
more scientific knowledge than many museum visitors and less knowledge than some.
These peers guide participants up to their level of knowledge, and at times a visitor with
even greater knowledge in some area will elevate the learning of the group—Explainers
included—even further. The adult in this scenario—the museum staff member who
supervises and trains the Explainers—is never present.
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Figure 6.12. Cow’s Eye Dissection. Museum visitors gather around a booth in the East
Gallery to watch Explainers dissect a cow’s eyeball.
The Tinkering Studio is the part of the Exploratorium where it is most apparent
that museum visitors learn with and from each other. Scheduled workshops and
demonstrations are held in the maker space, but for most of the museum’s open hours
visitors can wander in and tinker freely. Sometimes there is an Explainer or other
museum employee in the space, while at other times it is completely unstaffed. The space
contains several tables, each set with different materials for independent play. During one
of my visits on an adults-only Thursday evening, I observed three different activities
happening simultaneously in the Tinkering Studio. No museum staff were present, so all
tinkering on that night was self-directed and no experts were on hand to answer questions
or provide advice.
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At the largest table (Figure 6.13), several people were engrossed in creating things
with low-tech tools and materials (in some cases, those as basic and paper and scissors).
One or two of them worked independently, while the rest looked at each other’s
creations, demonstrated techniques for each other, and shared ideas and suggestions.

Figure 6.13. Creative Play in the Tinkering Studio. Museum visitors work together to
create things with low-tech tools and materials.
Nearby, a few small groups played with the wind table. Here, paper, cardboard,
tape, scissors, and lightweight everyday objects are used to create and test flying
contraptions (Figure 6.14). The wind table is a construction of hundreds of straws set
vertically and packed close together on top of three fans that point upward (Figure 6.15).
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This creates a steady, laminar9 stream of air that allows objects to rise straight up, float,
and spin—depending on their design. Unsuccessful contraptions might rise a few inches
before being blown aside to the floor, or shoot upward and spin out of control. Most
designers seemed to be attempting to create a contraption that would rise a foot or two
and then float, suspended in space, or would spin and twirl in a controlled way.
Contraptions were created, tested, modified, and tested again. Sometimes an approach
was abandoned and an entirely different design would be tried. Contraption engineers
grouped in twos and threes, consulting with each other as they worked and watching
closely as other contraptions—both similar to and very different from theirs in design—
were carried to the wind table and tested. Work tables were littered with abandoned
contraptions made by visitors who had since moved on to another part of the museum.
These were sometimes picked up and tested by a new arrival to the activity, and in this
way even people who were no longer present in the gallery contributed to the group
learning.

9

A laminar flow takes place along constant parallel streamlines, without disruption or turbulence.
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Figure 6.14. Creating flying contraptions in the Tinkering Studio. Three museum visitors
discuss the properties of their most and least successful designs as they prepare to test the
latest iterations of their flying contraptions on the wind table.
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Figure 6.15. The Wind Table in the Tinkering Studio. A paper construction rises into the
air when placed on top of the wind table. Other, discarded, designs can be seen around
the edges of the table.
Only one person in the Tinkering Studio worked alone that night. At a table
covered with battery packs, wires, switches, motors, and lightbulbs, a lone visitor created
circuits and experimented with the various available components (Figure 6.16). Because
no one else sat at the table, it was impossible to determine if he preferred to work alone
or was left to work solo because no one else in the Tinkering Studio was interested in
circuits at the moment.
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Figure 6.16. Building Circuits. A lone visitors plays with electrical components at a table
in the Tinkering Studio.
Learning Takes Time
Hein (1991) explains that learning is not instantaneous, but is the product of
repeated exposure and thought. Significant learning requires that ideas be revisited,
pondered, tried out, played with, and used. This can’t happen in the few seconds usually
spent contemplating a single museum object, adding up to 5-10 minutes spent in an entire
gallery. As they tested exhibits on the museum floor, Oppenheimer and the
Exploratorium staff learned the importance of redundancy (Hein, 1990). They found
there must be many exhibits dealing with the same phenomenon. Repetition, especially
under varying conditions, helped secure understanding. As Oppenheimer explained: “By
presenting a multiplicity of examples, in a variety of contacts, of an abstraction such as
wave motion or energy or randomness, the museum can build up the visitor’s intuitive
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familiarity with such concepts” (Oppenheimer, 1972, p. 980). Redundancy was also
meant to come from repeated visits. Oppenheimer often remarked that the Exploratorium
was not designed for first or one-time users but for the repeat visitor. School field trips
were meant as a precursor to family visits (Hein, 1990).
Exploratorium staff created redundancy by presenting multiple exhibits, located in
the same general area on the museum floor although not in an obvious sequence, that
dealt with each phenomenon that visitors were meant to discover. The Doppler effect10,
for example, could be explored in four different exhibits (Exploratorium, 1995). The
Doppler Effect, because of its name, is obviously intended to demonstrate that
phenomenon. The visitor turns a crank to accelerate a long, looped belt with a small,
battery-powered beeper attached. As the belt gains speed, the visitor will notice that the
pitch of the beeper sounds higher when it is approaching and lower when receding. The
same phenomenon is demonstrated more dramatically in Walking Beats. The visitor
walks between two loudspeakers that produce notes that are slightly different (by 1 Hz).
The “envelope," or number of beats per second, of the sound can be made to increase or
decrease in frequency by walking toward one or the other of the speakers. Watch Dog
uses ultrasonic sound to turn a visitor’s subtle movements into audible sounds. The
ultrasonic sound is bounced off of the visitor and received by another transducer. If the
visitor is moving, the received signal is Doppler-shifted from the original. This difference
tone, the Doppler shift, is played back to the visitor. The faster the movement, the higher

10

The Doppler Effect is the change in observed frequency of an acoustic or electromagnetic wave due to
relative motion of the source and/or observer.
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the pitch of the sound that is produced. Unsung Voices, created by artist-in-residence
John Driscoll, is a sound installation consisting of four ultrasonic instruments. Each
instrument employs an ultrasonic-type microphone and a speaker. Physical motion in the
space between these two or actual movement of the microphone or speaker creates
audible sound when amplified. The sounds are created by subtle motions: Gentle air
currents that move a fern frond mounted on a spring inside a Plexiglas box; a wand that
the visitor waves near an ear-like opening in another box; wiggling fingers stuck through
a hole in the side of a Plexiglas globe, and a turntable that is manually rotated with a
reflector (a thin, curved sheet of metal) on top. Replacing it with a reflector of a different
shape produces different pitches.
In a constructivist museum these redundant exhibits are presented without a
predetermined sequence. Each exhibit must make sense on its own, regardless of the
order in which exhibits are encountered. In traditional museum galleries many exhibits
are placed against the walls, and the sequence is predictable as visitors follow the walls
and make a circuit of each room. The Exploratorium has few interior walls, and much of
the exterior wall area is taken up by windows and exterior doors. A majority of the
exhibits are free-standing. They can be approached from three or four sides. No order is
implied and no preferred path through the museum is apparent. Each group of exhibits
has potential entry and exit points in all directions, rather than the two doorways on
opposite walls that are common in most museum galleries.
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The Focus is on the Learner, not the Subject or Lesson to be Taught
There is no knowledge independent of the meaning attributed to experience by the
learner or community of learners. When adopting constructivist approaches, one must
give up Platonic and all subsequent realist views about the nature of knowledge—there is
no universal truth. Learning is not coming to understand the “true” nature of things, but
rather making sense and meaning out of a sometimes overwhelming number of
experiences and sensations. Focusing on learners includes providing them with
opportunities to first interact with sensory data, and then to construct their own world.
This requires museum educators and curators to have faith that learners will construct
some sort of acceptable meaning, and to resist the urge to guide their visitors toward
“correct” conclusions.
Hein (1991) cites museum tours as a common example of the unresolved tension
between allowing visitors to construct their own meanings and preventing them from
reaching incorrect conclusions. Most museum educators have adopted constructivism, yet
their institutions still offer tours that present the expert guide's selections, pace, and
interpretation to influence the viewer's perception and learning. A guided tour can never
be truly learner-centered, as it is inevitably guide-centered to some extent, and the guide
is an expert when it comes to the objects on display. Tours have never been a regular
offering at the Exploratorium. Oppenheimer found it impossible to lead a group through
the Exploratorium on a guided tour, as the group soon dissolved as each individual
stopped to play with an exhibit that hooked them or was lured off in a different direction
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(Oppenheimer, 1972). Learners opted for the experience of their own choice rather than
the expert-designed experience centered around selected objects.
Learning is Contextual
According to Hein (1991) and as indicated above, we learn in relationship to what
we already know, what we believe, our prejudices, and our fears. It is not possible to
assimilate new knowledge without having some structure or schema developed from
previous knowledge on which to build. For this reason the more we know, the more we
can learn. Efforts to teach must take into account the state of the learner and provide a
path or hook into the subject based on that learner's present context and previous
knowledge. Understanding a learner’s zone of proximal development is useful in
providing an entry point at an appropriate level. Because museum exhibits are designed
for a general rather than targeted audience, they must provide different kinds of entry
points, using various sensory modes and different kinds of stimuli, to engage the widest
range of learners.
As he observed visitors in his new museum, Oppenheimer formed conclusions
about the importance of personal context for learning. He wrote:
I have become ever more aware that the exhibits which mean the most to our
visitors are those that they can connect with their past experience. But such
connections are difficult to establish since each visitor has had a very different
range of experiences. Yet one has to keep trying to do so through graphics and
through an appropriate juxtaposition of exhibits in the hope that at least some
piece of the museum meshes with a piece of the visitor's past life. (1982, n.p.).
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With thousands of unique visitors to the Exploratorium every day, creating
multiple effective entry points for every exhibit is a constant challenge for staff. I
observed three primary strategies used to align exhibits with visitors’ personal contexts
and existing knowledge: Relying on familiar objects, concepts, and sights; using multiple
learning modalities to address learner diversity; and using narrative and personal stories
to present multiple voices rather than a single authoritative position.
Connecting the familiar with the new
In order to make meaning of experiences, visitors must be able to connect them
with what they already know. Constructivist exhibits encourage comparison between the
familiar and the new. The simplicity of Exploratorium exhibits and the use of common
materials and everyday objects in their construction make them recognizable to visitors,
and allow them to be relatable. Components of Hole Saw Rhythms, for example, were
immediately recognizable to me as being identical to tools I have in my garage at home,
and I had previously noticed the bell-like tone produced when I dropped one on the
concrete floor or knocked a few of them together while fishing around for the correct size
for my project. The black disk with the spinning arm immediately reminded me of the
stereo turntable in my home throughout my childhood.
The essential components of Meanderings (Figure 6.17), by artist-in-residence
Michael Brown, are a sheet of glass and water. The other pieces, far from being some
complicated scientific apparatus, exist to make the exhibit safe and user-friendly. A metal
frame contains the three foot by five foot sheet of glass, preventing it from breaking and
allowing it to be mounted at a comfortable height. A crank mechanism adjusts the angle
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of the frame so that even the arms of very small visitors can manipulate the exhibit
without needing to lift and tilt the heavy glass. A set of plastic gutters keep the water
from spilling over the edges of the glass and onto the floor, and plastic tubes with holes
release the water onto the glass in multiple simultaneous streams. A white-painted board
mounted on the bottom of the frame, parallel to and about an inch below the glass, allows
clear water on top of clear glass to cast shadows, making its form and movement easier to
see in high contrast.

Figure 6.17. A museum visitor turns the crank to change the angle of Meanderings
(1993) by artist-in-residence Michael Brown.
These simple materials demonstrate a common phenomenon—the way liquid
flows over a flat, smooth surface. It is a sight familiar to every museum visitor who has
observed rain on a vehicle windshield or trickling down a windowpane, which is what the
exhibit’s framed glass resembles. This recreation of an everyday sight connects visitors to
fluid dynamics, a sub-discipline of physics concerned with the mechanics of fluids in
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motion. The text panel accompanying the exhibit, with its subheading “You can never
play in the same river twice,” ties the exhibit to geology and the understanding of
watersheds in the natural landscape, but fluid dynamics has a wide range of real-world
applications that include flight and aircraft, the flow of petroleum through pipelines,
predicting weather patterns, understanding nebulae in interstellar space, and modelling
fission weapon detonation. As an entry point to understanding the complexities of fluid
dynamics, museum visitors observe the twists and turns (meanders) in streams of water
and use their fingers to redirect streams and join two together. They find that there is a
great deal of randomness in the flows—they can’t make the water flow in directed or
entirely predictable ways. They discover what happens to the streams when the crank is
turned to change the angle of the glass. They notice properties of the water that they
might later learn to label as viscosity and surface tension. This close looking begins to
bridge the gap between a casual everyday observation and a scientific understanding of
what is seen.
Use of multiple learning modalities
Visitors vary in their preferences, styles, and motivations for learning. Several theories
address the subject of learner diversity. The best known is Howard Gardner’s theory of
Multiple Intelligences (1985, 1999), through which he proposes that traditional
definitions of intelligence—mainly verbal and logical-mathematical—do not cover the
wide variety of abilities humans display. Rather, there are several different cognitive
styles for understanding the world. Far from being an indicator of the ability to
understand and memorize the kinds of facts needed to ace school exams, Gardner defines
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intelligence as the abilities to solve problems that one encounters in real life, to generate
new problems to solve, and to make something or offer a service that is valued within
one’s culture. A child who masters one skill easily is not necessarily more intelligent
overall than a child who struggles to master it. The second child might be more proficient
in another kind of intelligence, either learning the skill through a different approach or
excelling in a different skill altogether.
Gardner identified eight different types of intelligence, claiming that all people
possess all of these intelligences in varying amounts:
1. Visual/spatial intelligence: The ability to perceive images, spatial judgment, the
ability to visualize with the mind's eye, powers of visual recall, awareness of the
surrounding environment.
2. Verbal/linguistic intelligence: Abilities in the complex acquisition, formation and
processing of language; symbolic thinking; abstract reasoning; storytelling; highly
developed auditory skills; the ability to memorize words and dates. Learners
strong in this intelligence are usually successful in traditional classrooms because
it lends itself to traditional teaching.
3. Logical/mathematical intelligence: The ability to think logically, inductively,
categorically, and to some degree deductively; the ability to recognize patterns,
both geometric and numerical; critical thinking; the ability to see and work with
abstract concepts; an understanding of the underlying principles of some kinds of
causal systems. Learners strong in this intelligence also do well in traditional
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classrooms, where teaching is logically sequenced and students are asked to
conform.
4. Bodily/kinesthetic intelligence: Control of one's bodily motions, both the fine and
the large muscle systems; the capacity to handle objects (such as hand tools)
skillfully; keen sense of body awareness; facility in communicating in or reading
others’ body language.
5. Musical/rhythmic intelligence: Sensitivity to sounds, rhythms, tones, and music;
the ability to create or interpret music; keen ears for distinguishing subtle nuances
in the sounds in one’s environment; the ability to mimic others; the ability to
easily discern differences in speech patterns or accents.
6. Interpersonal intelligence: The ability to understand and communicate with others
and to facilitate relationships and group processes; empathy; street smarts;
sensitivity to others' moods, feelings, temperaments and motivations; the ability to
cooperate in order to work as part of a group.
7. Intrapersonal intelligence: Having a deep understanding of the self: one's
strengths and weaknesses, what makes one unique, one’s values and ideas; ability
to recognize and predict one's own reactions or emotions; intuition; motivation;
confidence; introspection; self-reflection.
8. Naturalistic intelligence: Sensing patterns in and making connections to elements
in nature; ability to pick up on subtle differences in meanings; interest in human
and animal behaviors; interest in the immediate environment.
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In some of his works Gardner alluded to a ninth intelligence that he described as
the proclivity to pose and ponder questions about life, death, and ultimate realities
(Wilson, 2015). He suggested in Intelligence Reframed (1999) that an "existential"
intelligence may be a useful construct, but it was never officially added to the list above.
The concept has been explored by other educational researchers (Tupper, 2002), and can
be summarized as follows:
9. Existential intelligence: The capacity for conceptualizing or addressing deeper or
larger questions about human existence (e.g. the meaning of life, the existence of
life on other planets, the nature of evil, what happens after death, the existence of
ghosts).
The Exploratorium has always supported multisensory and multimodal learning,
in part because of its content-focus on all forms of human perception. Within the
redundancy of exhibits dealing with the same phenomena that reinforce a particular
concept and provide multiple exposures, Oppenheimer, predating learning styles
research, found that a balance of exhibit types proved to be most effective pedagogically,
as each type of experience serves a different purpose (Hein, 1990). Demonstrations evoke
new experiences and express novel ideas. Investigations allow visitors to participate in
new research and introduce them to the process of experimentation. Instruments for selftesting and self-examination help the visitor analyze their experiences. Finally, gap-fillers
collect and synthesize what is known, recapitulating, placing it within the context of
preexisting knowledge, and placing ideas learned from all exhibits in coherent order. As
previously mentioned, visitors to the Exploratorium do not encounter exhibits
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sequentially—rather, they wander around and encounter them in all sorts of orders—so
gap-fillers are just as important as demonstrations and investigations.
The balance of exhibit types for each subject explored in the museum succeeds in
providing experiences to satisfy and challenge visitors with strengths in each of
Gardner’s identified intelligences. Inspired by the thick fog through which I’d walked
that morning (and that rapidly dissipated once I arrived at the museum to reveal a perfect
sunny day), I selected weather as a test case and set out to find weather-related exhibits
that could engage several of my intelligences11. I first encountered Cloud Rings by staff
artist Ned Kahn (Figure 6.18), where two boys pushed down on a large rubber membrane
with a hole in the middle to launch a ring of vapor up toward the ceiling. They exercised
their kinesthetic intelligence as they circled the table, experimenting with different
actions—pushing down very gently and then as hard as possible, first on opposite edges
of the membrane and then both on the same side—to find out how they could change the
appearance and behavior of the resulting vapor cloud. Another kinesthetic experience,
also designed by Ned Kahn, is Sea of Clouds. An ultrasonic fog machine generates cool,
dense water mist that undulates in a large, circular pool on top of a pedestal. Side lighting
accentuates the waves and complex convection currents on the top surface. Viewers can
run their hands through the fog to alter the currents or simply watch it slowly churn,
constantly changing due to its own internal dynamics.

11

My “experiment” refers to the original configuration of the Exploratorium in the Palace of Fine Arts,
where there were at least three dozen exhibits about weather (not all on display at the same time). This
number is much greater now with the addition of the Bay Observatory and Outdoor Exhibits galleries in the
Pier 15 location.
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Figure 6.18. Cloud Rings. Two boys engage kinesthetically with a weather-related
exhibit.
Summer Sun Winter Sun is well suited to visitors who favor their
logical/mathematical intelligence. This exhibit is more like a traditional science center
exhibit than most of the offerings at the Exploratorium, with instruments to measure and
display qualitative data and trigonometric diagrams representing various angles. Visitors
move a model earth closer to and farther from a light source, watching an energy meter
change. They then tilt the earth’s plane to its summer and winter angles at various
latitudes, observing that the sun’s energy must spread over a greater area in winter,
leading to lower temperatures even though the earth is actually closer to the sun in winter
than in summer.
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Aeolian Landscape by Ned Kahn is perhaps the closest thing the Exploratorium
has to the traditional museum diorama. This art piece is a miniature wind-swept desert
landscape recreated by an electric fan and finely ground white sand within a cylinder
about three feet in diameter and 12 inches high. The visitor looks down at the landscape
from above. The air from the fan mimics the process of wind picking up and depositing
small particles. Geologists use the term “aeolian” to refer to land formations—like sand
dunes and snow drifts—that are caused by wind (ExNET, 2006). The visitor can change
the direction of the fan and notice how the shape of the miniature dunes influences the
pattern of the wind, which in turn influences the shape of the dunes. This dynamic
recreation of an entire landscape might appeal to the naturalistic intelligence, with the
visitor’s past experience influencing whether s/he perceives it as a sandy desert or snow
scene.
Many of the weather-related exhibits were designed to engage the visual/spatial
intelligence. Their visual beauty is captivating enough to attract visitors from across a
gallery, while close examination reveals intricate and changing patterns in each. One
example, Taylor Column, is a pair of nested cylinders with an inch-thick layer of thin,
pearlescent liquid in the space between. Standing six feet tall, it looks like a glowing
pillar rising from a black pedestal. Turning the knob rotates the inner cylinder and sets
the liquid spinning. Initially a jumble of swirls appear, but then the liquid begins to
organize itself into horizontal bands that roll and spin, alternately rotating inward and
outward. This pattern, called a Taylor cell, was named for the English physicist, G.I.
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Taylor, who first recognized the process (ExNET, 2006). The phenomenon is related to
the study of turbulence and the flow of liquids and gases.
Incorporating narrative and multiple voices
In their arguments in favor of constructivism, researchers such as Roberts (1997)
and Silverman (1995) have contended that narrative, and particularly narrative with
multiple voices, should replace authoritative knowledge dissemination in museums.
Narrative can be loosely defined as storytelling, and is distinguished from scientific
discourse by qualities such as personal viewpoint, event sequences, and relevance to
human concerns. When details are left out of stories, listeners and readers fill in the
blanks with details from their own experiences (Bedford, 2002). These stories open up a
space to be filled by the listener's own thoughts, feelings, and memories, inspiring
internal dialogue and thus ensuring a personal connection between visitors and content.
Historical accounts, while technically narratives, usually belong in the category of
authoritative knowledge-dissemination because they present a single viewpoint—that of
the protagonist of the story—with significant historical detail. These are common in
history museums (including museums dedicated to histories of science and art). A
constructivist version of such an account would tell several overlapping stories from the
points of view of people of different ages, genders, races, and social or economic
positions, even if those characters are fictionalized or invented. It would also leave many
openings in the story for museum visitors to imagine how they would feel, act, or be
affected if put in the position of one or more of the participants in the situation portrayed.
A constructivist museum doesn’t determine which version of the story is most important
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(the “universal truth” of the situation) and communicate that one, but sets a scene with
some general information and allows the visitor to choose the most personally relevant
take-away message.
In an article describing how storytelling is ideally suited to the work of museums,
museum consultant Leslie Bedford explains how storytelling supports other principles of
the constructivist museum by engaging visitors in minds-on activity, including their
spoken and written contributions to a larger narrative, and fostering social interaction:
Stories are the most fundamental way we learn… They teach without preaching,
encouraging both personal reflection and public discussion. Stories inspire
wonder and awe; they allow a listener to imagine another time and place, to find
the universal in the particular, and to feel empathy for others. They preserve
individual and collective memory and speak to both the adult and the child….
Storytelling is an ideal strategy for realizing the "constructivist museum," an
environment where visitors of all ages and backgrounds are encouraged to create
their own meaning and find the place, the intersection between the familiar and
the unknown, where genuine learning occurs. (2002, p. 34)
The use of narratives and personal stories is common in history and cultural
museums, but they have had a much less prominent role in science museums, where the
dominant mode is still hands-on inquiry with a single-voiced authoritative explanation.
Sue Allen, founding director of the Exploratorium's Visitor Research and Evaluation
Department, explained that the museum’s staff sought ways to increase the use of
narrative in exhibits as an attempt to engage a more diverse audience and to explore the
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different kinds of learning that result. As a science museum that focuses on phenomena
rather than the history of science, narrative in the Exploratorium generally takes the form
of personal stories told by visitors to each other rather than stories told by the museum to
visitors with gaps to be filled by visitors’ details. Each story is very brief, but when it is
posted to a bulletin board among others’ contributions it becomes part of a larger
narrative that tells a much more complete story.
One of the simplest narrative-based exhibits in the Exploratorium is Earliest
Memories (Figure 6.19). It consists simply of a stack of blank index cards and a pencil on
a small table with the instruction “What’s the first thing you remember? Use a card to add
your memory to the collection.” Above the table are several pieces of string, stretched
horizontally, onto which cards have been attached with binder clips. Most of the
memories written on the cards are described very briefly—in a few words or a sentence;
two sentences at most. From the handwriting one can estimate that roughly equal
numbers of children and adults contribute memories in the museum.
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Figure 6.19. Earliest Memories. Museum visitors write very briefly about their first
memory and add it to the collection.
The didactic text panel includes the following explanation:
We may attach great significance to first recollections because they mark the
beginning of our own personal stories. But memories are very susceptible to error
and distortion. In fact, decades of scientific research have shown that our beliefs,
expectations, and desires can have powerful effects on memory accuracy. What’s
your earliest memory? Are you sure it’s accurate?
The rest of the text on the panel, mostly obscured by cards clipped onto the lowest
string, is one of Piaget’s personal memories, quoted from Play, Dreams and Imitation in
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Childhood. This text is smaller and fairly dense, and I will confess that, despite multiple
visits to the museum, I still haven’t bothered to read it. The fact that the entire text panel
is mounted so that it is covered when the strings are full of cards indicates to me that
reading what the museum has to say about memory is less important than reading the
contributions of fellow museum visitors, and museum staff know it. What experts tell us
about what is possible and impossible to recall from a very young age doesn’t change
what we hold as our earliest recollections, and reading the memories of others tells us all
we need to know about the nature and content of first memories. We don’t need a
summary of the decades of scientific research mentioned on the text panel; the thousands
of voices represented in the museum’s archive of memories contribute to a much more
complete picture that the visitor creates as s/he reads and draws connections between
many individual stories.
The current iteration of Earliest Memories is not the first, and the museum’s
website contains a large archive of memories transcribed from index cards and
contributed through a web interface. I found the archive to be compelling and ended up
reading hundreds of memories. I noticed great variation in the amount of detail presented.
Some are mere impressions or sensory experiences: “the smell of my mother's pullover,”
“the taste of salty air,” “Green walls and a dark cosy [sic] room” (Exploratorium, 1998b,
n.p.). Others include specific people, places, and objects: “I can remember sitting in my
high chair, eating scrambled eggs and ketchup and watching Pink Panther;” “my father
singing in the laundry room with the washing machine going,” “I put my baby sister and
myself in a dirty clothes hamper and pretended that we were in a boat in the ocean. I was
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2 ½” (Exploratorium, 1998b, n.p.). Many of the earliest memories coincide with major
life events: The birth of a younger sibling, the death of a parent or grandparent, a serious
injury that required medical attention or hospitalization. As I read I concluded that this
makes sense, as life-events stand out from everyday routines in our recollections, and are
often much-discussed and much-photographed in families. Thinking about my own life, I
speculated that several of my early memories persist because of events that were
mentioned periodically over the years, bringing to mind details and impressions about the
original experiences that I then reviewed. Experiences that have not been subjected to this
periodic review are lost from my recollection because I never relived them and refreshed
the memories. One of the persistent memories is of the day my youngest brother was
born—I was not quite five years old. I remember my father coming home from the
hospital and taking me aside from the assembled grandparents and cousins to tell me that
my mother had given birth to a third brother, not the sister I longed for. I’m sure this
memory would be long forgotten if my father hadn’t mentioned, sometime in my
adolescence and again in my early adulthood, that when I found out Jon was a boy I
replied “well, you don’t need to bring the baby home.”
My digression into personal recollections demonstrates the effectiveness of
storytelling in a science museum. An exhibit that presented the neuroscience of early
memory formation, or any of the other conclusions of the extensive scientific research on
the subject, would have engaged me for a minute or two in the museum, and then the
experience would have ended. Because the Exploratorium’s exhibit is narrative-based
and solicits an unlimited number of personal stories, I stopped to read all of the index
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cards while in the museum, photographed the exhibit, found the online archive once I
returned home, spent an hour reading more personal stories, compared each one with my
own similar memories and thought about commonalities and differences, and identified
patterns that emerged from the many stories I read. The exhibit confirms that what
science can tell us about early memories is much less important and relevant than
personal, lived experiences.
Conclusion
Oppenheimer, ahead of his time, built a constructivist museum more than two
decades before such an approach was deemed to be the most appropriate for effective
museum learning. He believed so strongly in what he called the discovery method (what
is now termed constructivist learning) that he even employed it to drive exhibit
development at the Exploratorium:
We find that the very process of fabricating an exhibit is full of discovery and that
even after an exhibit has been out on the floor for a month or even a year, we
discover new things in it. It also is especially remarkable and wonderful that our
visitors keep discovering things that we haven't yet discovered and tell us about
them. (Oppenheimer, 1982)
The early years of the Exploratorium saw Oppenheimer and the staff discovering,
through trial, error, and many experiments, how to most effectively implement the
“discovery method” of teaching in a museum setting. In an article published in the
American Journal of Physics he acknowledged: “We are exploring various forms of
museum teaching and learning in the Exploratorium” (Oppenheimer, 1972, p. 979). Both
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the content taught and the methods employed in the Exploratorium were new to
museums, giving Oppenheimer no models or precedents to follow. He had no prior
museum experience, except as a visitor. I have found no evidence that he studied any
literature about museum theory and practice, and, even if he had, literature about
constructivist learning had not yet been published. Exploratorium staff were equally
inexperienced in museum curation and learning theories, but this was considered to be a
benefit. According to Sheila Grinell, “we had no preconceived notions to slow us down,”
(1988, p. 248). As no one involved in the creation of the Exploratorium knew the
educational theories and practices being employed in museums at the time, it is no
surprise that the resulting institution was unlike any other museum.
According to Hein (1991), Howard Gardner had the constructivist museum in
mind when he used the museum as a model for education in the book The Unschooled
Mind: How Children Think and How Schools Should Teach (1991). Gardner generally
favors progressive education over traditional because of the emphasis it places on richly
structured activities and projects, student initiative and emotional investment in
outcomes, constructive forms of learning, and meaningful involvement with the school
and wider community. Progressive education is not a full solution, however, because of
its limitations: its excessive faith in the capacity of students to educate themselves, its
reluctance to engage in assessment, and the risk of confusing worthy goals with
successful achievement. As alternatives to either progressive or traditional schools, he
proposes some models for effective learning. Along with apprenticeships, projects, and
technological innovations, Gardner lists museums as a possible approach in the search for
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an education that promotes genuine understanding. He particularly recommends the
experiences that can be found at a children’s museum, discovery center, or
Exploratorium, where the features of learning are in contrast to much of what happens in
school. The learning is both active and interactive, most of the learning and assessment
are done cooperatively, and, because students are engaged from the first in a meaningful
and challenging activity, they come to feel a genuine stake in the outcome of their own
(and their peers’) activity. The Exploratorium was the first museum for adults that
fulfilled the potential of a constructivist museum.
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CHAPTER 7 : ART IS THE ESSENTIAL PIECE
Oppenheimer was willing to open the Exploratorium in 1969 with many pieces
missing—indoor restrooms, signage, enough exhibits to fill the museum floor, a paid
staff—but he knew he needed a unifying element to bring together what pieces he had
before announcing his museum to the public. That element turned out to be art. As
described in Chapter 3, the opening of the art exhibition Cybernetic Serendipity became
the grand opening of the museum as well. Some of Oppenheimer’s reasons for giving art
equal (or greater, in this case) weight with science in his museum were also described in
Chapter 3, establishing why art and science were married in the original Exploratorium.
These were largely personal reasons, uninfluenced by educational theories or
museological practice of the time. If Oppenheimer had read any literature on the subject
he did not refer to or cite it. As he was an experienced academic who would have been
accustomed to recognizing his sources, I assume that his ideas were largely or entirely his
own.
Oppenheimer found all types of inquiry to be essential for complete discovery and
understanding. Artists usually make different kinds of discoveries about nature than do
scientists, but to Oppenheimer they shared the same level of importance (Cole, 2009). He
recognized that science has an aesthetic dimension and art has a cognitive one (Hein,
1990). Early in the life of the Exploratorium he wrote:
Artists and scientists, in very different ways, are especially concerned with
seeking out patterns and in sensitizing others to what they perceive.
Unfortunately, both their self-image and the public image are unnecessarily
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divisive. These images suggest that scientists are interested only in the “right
answer” and that artists are not interested in any “answer” at all. In reality, both
have their criteria of validity and both make intellectual and aesthetic choices that
are governed by a sense of concordance with nature. Both kinds of sensitivity and
both kinds of answers are complimentary and are required for a full description of
natural phenomena. (Oppenheimer, 1972, p. 980)
Oppenheimer liked to say that artists and scientists are the official “noticers” of
society—those who help us notice and appreciate things in nature that we had learned to
ignore or have never been taught to see (Cole, 2009; Chamberlain, 1987). During his
tenure, the Exploratorium was, above all else, a place that encouraged the kind of
everyday noticing that helped people develop an eye and ear and feel for the social and
physical universe around them—what might be called an artistic sensibility (Cole, 2009).
Beyond encouraging noticing, artists and scientists are also interpreters: they notice
patterns in space and time, try to make sense of them, rearrange them, link them together
in new ways, then represent them in “sketches” made of words, equations, melodies,
theories, or charcoal drawings on paper. “They end up with a composition which means
more than what they started with,” he wrote (cited in Cole, 2009, p. 193). They collect,
codify, interpret and communicate all types of human knowledge.
In addition to Oppenheimer’s reasons for filling his museum with art and artists, I
observed three major ways in which artists and artworks enhance the Exploratorium
experience for museum visitors: they reframe the space in ways that allow it to be seen or
interpreted differently, they allow the visitor to transform him or herself into exhibit
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components and artworks, and they provide multiple entry points to information and to
the museum experience to engage the widest range of learners. The rest of this chapter is
devoted to descriptions of these three functions of artworks within the museum.
Reframing the Space: Site-Specific Artworks
Oppenheimer understood the importance of noticing and sought out art and artists
to facilitate noticing in the Exploratorium. Oppenheimer loved beautiful things, and
selected some objects solely for the aesthetic experience: “There are many objects of
industry and science which are themselves quite beautiful even when displayed with no
pedagogical motive” he wrote (1972, p. 209). Sometimes it was enough to put something
on display because it was deserving of being examined closely. These exhibits brought
pleasure in the viewing, and demonstrated the benefits of taking time to look closely at
everything, even utilitarian objects not usually considered beautiful. More often he
employed artists to create circumstances ideal for noticing. What Oppenheimer knew
seemingly by instinct is supported by art historians’ and critics’ theories about sitespecific artworks. The work of scholars Rosalind Krauss, Rosalyn Deutsche, and Miwon
Kwon frames my argument that site-specific artworks are highly effective at encouraging
noticing in conventionally non-art settings. While the Exploratorium self-identified from
the beginning as a “community museum dedicated to awareness” and, more recently, a
“museum of science, art, and human perception” (Exploratorium, n.d., n.p.), it has always
more closely resembled a science museum than any other recognizable type of institution.
Visitors would not perceive such an active, relatively noisy, security-free space full of
touchable objects as a place for the display of artworks.
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The concept of site specificity is a response to the notion of medium-specificity—
a principle of aesthetics and art criticism that is most closely associated with modernism.
According to the critic Clement Greenberg, who helped to popularize the term, medium
specificity holds that "the unique and proper area of competence of each art coincided
with all that was unique in the nature of its medium” (1960, p. 2). A painting, for
example, is composed of paint and surface. Its irreducible quality is flatness, so literal
flatness and abstraction (rather than illusionism and figuration) should be emphasized in
paintings. In response—and counter to—this idea, the concept of site specificity states
that art is not dictated by the conditions of a medium, but by the conditions of a site or
location. Rosalind Krauss wrote: “Within the situation of postmodernism, practice is not
defined in relation to a given medium… but rather in relation to the logical operations on
a set of cultural terms, for which any medium… might be used” (1979, p. 42). Unlike the
modernist art object—placeless and devoid of fixed and transhistorical meaning in its
white cube gallery space—the location of the site-specific art object is a very particular
place. It is both an actual museum and the museum as a representation of the institutional
system of culture creation and circulation (Crimp & Lawler, 1993).
In “Sculpture in the Expanded Field” (1979), Krauss introduced the concept of a
marked site: something located between architecture and not-architecture, or landscape
and not-landscape. Something about the site distinguishes it as being different from the
landscape or the surrounding architecture, yet it is not much in and of itself, and is little
or nothing when removed from its site. The purpose of the artwork of the marked site is
to reframe the world around it; it positions the viewer and causes him or her to see the
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world in a different way. The marked site is little or nothing when removed from its site,
sometimes because, like the Conceptual art of the 1960s and 1970s, site-specific art often
adopts strategies that are either aggressively anti-visual (informational, textual,
expositional, didactic) or dematerialized (gestures, events, or performances delineated by
temporal boundaries) (Kwon, 2002). Aesthetic experiments in site specificity were
carried out throughout the 1970s, including land/earth art, process art, installation art,
conceptual art, performance/ body art, and various forms of institutional critique (Kwon,
2002). When it is anti-visual, site-specific artwork requires active engagement with
frames of reference beyond the gallery, allowing it to function as a form of interpretation
or part of larger discourse (Robins, 2007).
Rosalyn Deutsche (1988) made a distinction between two models of sitespecificity: the assimilative model, in which artwork is geared toward integration into an
environment and the creation of unified, harmonious space; and the interruptive model, in
which artwork functions as a critical intervention, creating some sort of disruption.
Although she considered artists’ work in art museums, Deutsche’s interruptive model of
site specificity is useful when applied to science museums. While artworks generally
integrate into art museum environments unless they are specifically designed to perform a
critical intervention, just the fact of their presence can be interruptive in a science
museum setting. The absence of explanatory text characteristic of artworks is also
disruptive in a setting usually devoted to explaining “how” and “why.” Viewers must
attempt to decode what they see through close looking and careful consideration, without
benefit of the “right” answers usually provided on the text panels in science museums.
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Miwon Kwon’s ideas about site-specific artworks are the most relevant of the
three scholars’ to a learning environment such as the Exploratorium. She wrote:
The distinguishing characteristic of today's site-oriented art is the way in which
the art work's relationship to the actuality of a location (as site) and the social
conditions of the institutional frame (as site) are both subordinate to a discursively
determined site that is delineated as a field of knowledge, intellectual exchange,
or cultural debate. (2002, p. 26)
Kwon explains that in some artists’ interventions in museums, several different
definitions of the site operate concurrently. First there is the collection site, where
materials for the installation or work are gathered or produced. Second is the institutional
site—a gallery space where the visiting public physically experiences the materials. The
third site is the curatorial framework within which materials are contextualized and
thematized. The fourth site, devoid of physical location, is discourse. In the case of the
Exploratorium, this discourse ranges from public communication that facilitates
understanding between disparate groups of people to silent, internal discourse that leads
to individual learning.
The physical site of action or intervention and the discursive site of effects and
reception are not necessarily continuous. The site of intervention and the site of effect for
Richard Serra's Tilted Arc were considered to be coincident: the artwork was physically
located in Federal Plaza in downtown New York City, and discourse about the artwork
centered around the way the work impacted that site (specifically, pedestrian traffic flow
patterns) and the impossibility of the sculpture retaining its integrity if relocated to a
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different physical site. In contrast, the sites of intervention for Mark Dion's 1991 project
On Tropical Nature were a rain forest in Venezuela, where the artist collected specimens
of plants and insects, and the Sala Mendoza, an art institution where those specimens
were displayed according to a taxonomic system of Dion’s invention. Entirely distinct
was the projected site of effect, which was the global discourse on nature and
environmental degradation and crisis. The site of intervention is a material source and
inspiration for the site of discourse, but does not sustain an indexical relationship to it—
that is, discourse is not dependent upon the context in which is occurs (Kwon, 2002).
The theories of these three scholars help describe how artworks function within
the Exploratorium to create a place where looking and perception are the focus, and
where visitors have the ability to see familiar things as if with new eyes and from new
perspectives. While many of the earliest artworks in the Exploratorium, such as the
pieces in the Cybernetic Serendipity exhibition, were not created with that specific
institution in mind, a robust artist-in-residence program has since brought hundreds of
artists into the museum to create works specifically for that space and in conjunction with
museum staff. Other pieces were commissioned by the Exploratorium. Site-specific
artworks aren’t an occasional occurrence in the museum, but the norm. While some of the
pieces are works in traditional art media—panels of stained glass, paintings, or framed
photographs hanging on walls—most are dematerialized, composed of ephemeral things
like light, shadow, sound, and motion. Like Krauss’s marked sites, there is not much to
them when they are removed from their locations in the museum, but they transform the
spaces of the museum galleries from warehouse to wonderland.
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The first artist-in-residence at the Exploratorium didn’t have that title, as his
arrival predated the establishment of the formal program. Bob Miller was playing around
with prisms and mirrors in his apartment in the North Beach neighborhood of San
Francisco. He heard from an artist friend that a “strange scientist” was creating something
new at the Palace of Fine Arts, and in 1970 he invited Oppenheimer over to look at his
work. Oppenheimer hired Miller on the spot, asking “how soon can you come over and
play?” (Cole, 2009, p. 180). Miller’s experiments with light and shadow eventually
became Sun Painting, a foundational piece in the Exploratorium’s collection. Funding for
the project came from the National Endowment for the Arts and several private donors,
and technical advice was provided by a physicist from the University of California
(Grinell, 1988). Sun Painting beautifully demonstrates the action of a prism as it
separates white light from the sun into its component colors on the canvas of a large,
vertical screen that creates a landscape of color (Figure 7.1). After this first successful
project, Miller was hired permanently on the museum staff and spent many years
experimenting and creating there.
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Figure 7.1. On a sunny day, the surface of Sun Painting shows the silhouette of a
museum visitor behind the screen, surrounded by the rainbow colors of refracted and
reflected sunlight.
Sun Painting is a marked site within the museum. It is dematerialized, depending
entirely on a ray of sunlight shining in through a window to create its visual effects. On a
cloudy day, the canvas screen that might otherwise be covered with shimmering and
shifting spectra is a dull gray and resembles nothing more than a visual divider to
temporarily hide an unsightly corner of the museum. Peering behind the screen, one sees
several mirrors mounted at odd angles on roughly-welded supports—seeming clutter
(Figure 7.2). When the sun is in just the right position in the sky, however, a ray of its
light shines through the window and hits a series of mirrors. The mirrors split the path of
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the light and focus it onto two racks of prisms, which separate the light into the spectrum
of colors on the back of the screen.

Figure 7.2. Peering behind the screen of Sun Painting to see the clutter of pieces (seen
here on a sunny day, hence the small spectra that would be absent on a cloudy one).
Sun Painting becomes nothing when it is moved from its site—without the
carefully-positioned window that allows sunlight to enter and activate the work, it is just
industrial clutter in the corner of a warehouse. This was a problem with the original work:
it didn’t move from its site, but the sun did. The daily motion of the sun across the sky
removed the light source and deactivated the work. Explainers routinely ran outside the
museum to reposition an external mirror that redirected the sunlight through the window
and reactivated the piece. This problem was solved in 1999 when the artwork was rebuilt
to incorporate a heliostat on the roof that tracked the sun across the sky on clear days,
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providing a steady stream of sunlight. When it is activated by this light, it reframes the
world around it, causing the viewer to see ordinary white light in a different way. While
tiny spectra are occasionally glimpsed in daily life—perhaps when the sun is at just the
right angle to catch a lens in eyeglasses or the diamond in a ring—they are never visible
as a mural-sized field of rippling rainbows, which is what Sun Painting creates.
From the experience with Miller and a handful of other artists, Oppenheimer
realized that the Exploratorium worked most effectively with artists whose creations were
produced for the organization or filtered through an active involvement of the artist with
the museum and its staff. It was the specific conditions of the location, both physical and
institutional, that produced the most desirable works. Oppenheimer sought and secured
funding for an artist-in-residence program to fund such artist/museum collaborations
(Hein, 1990). Starting in 1974, the stated goal of the program was to promote innovation
by artists. Artists would be paid and provided with time, space, and equipment for their
creative work, along with access to the technical skills and resources of museum staff. In
exchange, the museum hoped to display the artists at work as an exhibit (although they
were also free to work in their own studios). The work produced by the artists during
their year of residence would be kept for permanent display in the museum. Both parties
would benefit from the mutual enrichment and education provided by interactions
between artists and staff, which could increase the aesthetic sensitivity of the staff while
strengthening the material and technical competence of the artists. Staff artist Pete
Richards served as an intermediary between artists and museum staff, helping the artists
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to create projects that were specific to the Exploratorium but also faithful to their
personal style (Hein, 1990).
A more ephemeral work created by Bob Miller after his residency is Light Walk, a
pedagogical walking tour that could last anywhere from an hour to an entire day
(Exploratorium, n.d., n.p.). The tour always began outside with the sun itself and ended
inside with exhibits on images and shadows, but what happened in between was
unpredictable. Miller developed this blend of performance art and radical pedagogy over
many years (he performed his first walk in 1975 and remained at the museum until his
death in 2007). Like its creator, Light Walk evolved into an Exploratorium institution.
Miller’s performance changed continually as it was fed by the observations, questions,
and astonishment of visitors, teachers, and museum staff. According to Kwon’s model,
Miller’s performance was a site-oriented artist intervention. Examining the four
concurrent definitions of the site in this model, the collection site where materials (light
and shadows) were gathered and the institutional site where they were exhibited were the
same: the museum building and grounds. The curatorial framework within which the
materials were contextualized was the artist’s performance of the tour. His live-curation
produced a different product every time. The fourth site, discourse and learning, was
located within tour participants and in the dialogue they shared with Miller. The
discourse might later shift to another location as tour participants became teachers
themselves, sharing their new insights with others as they observed the relevant lightrelated phenomena in other locations separate from Exploratorium grounds.
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A site-specific, sound-based artwork was created by artist-in-residence Doug
Hollis. At the end of his residency (1975-76), his Aeolian Harp was mounted on the roof
over the entrance to the museum to welcome arriving visitors. The seven strings of the
27-foot-tall harp are strummed by the wind, the sound amplified at one end by large
metal dishes. The sounds produced range from airy chords to a low drone, depending on
the speed and direction of the wind. This piece fits within Deutsche’s interruptive model
of site specificity. The eerie and otherworldly sounds produced by the harp created a
disruption at the museum entrance, causing visitors to stop and search for their source.
The harp itself is visually striking and does not immediately seem to be the source of the
tones, as the sound dishes are several yards away from the main body of the instrument.
When the Exploratorium was relocated to Pier 15, Hollis was involved in choosing a new
site for his artwork. He specifically sited the piece to take advantage of the natural wind
tunnel between Piers 15 and 17 (also owned by the Exploratorium, but currently used
only for storage). The wind picks up every day in the mid-afternoon, producing the harp’s
most dramatic and varied music (Exploratorium, n.d., n.p.).
More than 40 new art projects were unveiled in 2013 at the opening of the new
Exploratorium. Although more than 100 artworks like the Aeolian Harp were relocated
from the Palace of Fine Arts during the move, the new site on the Embarcadero and San
Francisco Bay rendered some of the museum’s site-specific artworks obsolete and
opened up possibilities for new works that could contribute to discourse in areas not
previously examined by the Exploratorium. One of the new site-specific artworks is
Fujiko Nakaya’s Fog Bridge #72494, a fog installation that stretches across the 150-foot-
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long pedestrian bridge that spans the water between Piers 15 and 17. At the top of every
hour, water pumped at high pressure through more than 800 nozzles lining the bridge
creates an immersive environment of dense fog (Exploratorium, n.d.). The San Francisco
Bay Area is famous for its dramatic fog, but this fog does not roll in slowly from the
water and burn off just as slowly as the area is warmed by the sun. It suddenly envelops
everyone standing on the bridge, isolating each person in a seemingly-dense shroud, then
dissipates nearly as quickly as it arrived. The artist calls it both an homage to San
Francisco and a conversation with nature itself. Located in another site it would become
something else entirely, as it could not serve either of those purposes in an environment
devoid of natural fog.
The Bay adjacent to the museum could be considered the collection site for this
artwork, although Bay water isn’t used to create the fog because salt would quickly clog
the nozzles. The institutional site is the Exploratorium’s Outdoor Gallery (described in
Chapter 5). The third site in Kwon’s framework, the curatorial framework, is the artist’s
aesthetic choices that govern aspects such as the density and duration of the artificial fog
and the gallery curators’ selection of a specific location within the Outdoor Gallery. The
fourth site, discourse, is the richest in the case of this artwork. Fog is part of the culture
and persona of San Francisco, and is a daily fact of life for residents and visitors. As I
mentioned in the previous paragraph, the artist acknowledged her work’s contributions to
discourse about the identity of the city and a discourse with nature. The installation of the
artwork coincided with other major events in addition to the Exploratorium’s grand
reopening: the 75th anniversary of the Golden Gate Bridge, the completion of the new
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eastern span of the San Francisco-Oakland Bay Bridge, and the America’s Cup. With so
much activity in the area 2013 was viewed in San Francisco as the “Year of the Bay.”
Amid all of the water-related activity, Nakaya’s project heightened public awareness of
San Francisco’s dynamic weather and bay ecology for an international public
(Exploratorium, n.d.). The artwork assumed another layer of meaning on April 1, 2015,
when California Governor Edmund G. Brown Jr., in response to historic drought
conditions and the lowest snowpack ever recorded, announced mandatory statewide
water restrictions (Office of Governor Edmund G. Brown Jr., 2015). Fog Bridge #72494
became part of the discourse about water conservation, water sources, drought, and
government attempts to mitigate its effects when Exploratorium staff turned off the
artwork until further notice and posted a public notice of the action on the website
(Exploratorium, n.d.). The notice states that staff members are exploring alternatives,
such as desalination, and look forward to bringing back the fog when possible.
Transforming the Visitor: Self Portraits and Representations
The Exploratorium is full of exhibits that invite visitors to create self-portraits.
Although ephemeral—most are displayed on digital screens and last only until another
visitor comes along to use the exhibit and replace the displayed image—the visitor has
dozens of opportunities to put him or herself into exhibits throughout the museum. The
opportunity to create an image of the self first entices many visitors to interact with these
exhibits, then extends their period of engagement by keeping them personally involved.
Just as it is human nature to enjoy talking about ourselves, neuroscience can also explain
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why we often become fascinated by capturing our likenesses. We enjoy these two
activities, however, for different reasons.
On average, people spend 60 percent of conversations talking about themselves
(Ward, 2013). In a world full of ideas ripe for discussion, we remain our own favorite
topic of conversation because it feels good. Researchers from the Harvard University
Social Cognitive and Affective Neuroscience Lab recently concluded, after a study using
functional magnetic resonance imaging (fMRI), that self-focused verbalizations result in
increased neural activity in areas of the brain generally associated with reward. These
areas have been linked to the pleasurable feelings and motivational states associated with
stimuli such as sex, cocaine, and good food (Ward, 2013). Self-disclosure, then, is
inherently pleasurable.
Considering the way I have cringed upon seeing the results of past “selfie” photo
attempts, it is immediately apparent that a different explanation is needed for the selfie
becoming the greatest photographic trend of this decade. I am almost always pleased by
the results when I talk about myself, but seldom pleased with I take a picture of myself.
Taking pictures of oneself is not always inherently pleasurable. I’ve watched people
review and quickly delete a dozen self-portrait shots before holding up the phone, arm
extended, for yet another attempt. In contrast, most people will snap a few photos of a
friend or family member, nod or grin in satisfaction at what they see on the preview
screen, and move on to the next activity. Humans are much more critical of images of the
self than of others, and often spend much more time observing and studying our own
likenesses. Neuroscientist James Kilner proposed that the current obsession with selfies
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stems from humans’ lack of experience of looking at our own faces. We spend our days
reading and interpreting others’ faces and facial expressions, while our perception of our
own facial expression comes largely from our sense of feeling our faces move (Kilner,
2014). We have a very inaccurate mental representation of what our own faces look like
at any given time. In a study where research participants were asked to choose, from a
series of digitally-altered photographs, the one that looked most like them, they seldom
selected the original, unaltered photograph (Kilner, 2014). Studying self-created
photographs reveals expressions and appearances that the creator didn’t know s/he
possessed. Creating a selfie is the process of taking and retaking pictures of the self until
an image finally results that comes close to matching the creator’s perception of what
s/he thinks s/he looks like.
According to this theory, the opportunity to take a selfie could be, on its own, an
attraction for museum visitors. If I see myself projected on a screen as I walk by I am
likely to slow down or stop, study the image, and change my expression, posture, hair
configuration, or something else until what I see on the screen matches my perception of
myself. That activity increases the attention I pay to the exhibit and the time spent
engaging with it. But self-portraits in the Exploratorium are more than just photo
opportunities for visitors to take officially-sanctioned selfies; each exhibit also modifies
the user’s image in some way, either revealing the user in a previously-unseen way or
allowing for intentional transformation. In many cases, the user manipulates variables or
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controls, experimenting until a desired effect is achieved or all possible transformations
have been tested. An image of the self becomes the canvas for visual experimentation.12
Water Drop Photography was the first self-portrait opportunity I encountered on
my first day in the museum. The exhibit’s call to action, stated on the accompanying text
panel, is “Catch the momentary beauty of a water drop falling into a pool.” The exhibit
apparatus consists of a digital SLR camera with an external flash mounted inside of a
plywood box (Figure 7.3). The lens is focused on the rim of a black mug filled with
water. User controls at the top of the box are very simple: pushing a button releases a
drop of water from the top of the box to fall into the mug (Figure 7.4). Turning a knob
adjusts the delay time (in milliseconds) between the release of the water drop and the
opening of the camera’s shutter to take a picture; 170 milliseconds is suggested as a
starting setting. The resulting photograph is displayed on a large monitor standing on the
table to the left of the box. Very basic instructions explain the use of the controls and
include an additional suggestion: “Open the door on the right, and peer inside to put
yourself in the picture” (Figure 7.4).13

12

One of these self-portrait opportunities, What’s in a Name?, was already mentioned in Chapter 5. In this
exhibit the transformation is semiotic rather than visual. My image (Figure 5.2) was not altered; rather, it
was associated with a new signifier of my choosing, transforming its association rather than appearance.
13
One additional sentence on the text label seems to be unrelated to the use of cameras in this exhibit: “It’s
the speed of the flash, more than the speed of the camera, that makes for a sharp photo” (Figure 7.4). Since
neither the speed of the camera nor the speed of the flash are variables in the exhibit—only the amount of
delay time before opening the shutter is relevant—I assume this text was included in response to a frequent,
repeated question from visitors.
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Figure 7.3. The Water Drop Photography exhibit as it appeared when I first encountered
it.

Figure 7.4. The control panel for Water Drop Photography.
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When I first encountered this exhibit in the museum and snapped the first few
pictures, my concentration was on discovering the correct delay setting to capture a water
droplet in mid-air—the science part of the experience. Too short a delay meant the
droplet might not even be in the frame yet; too long a delay and the droplet and the
resulting splash had both been resubsumed by the pool. Paying attention to the displayed
delay time was important as a difference of 20 or 30 milliseconds is imperceptible to the
human eye. Several attempts, with a slight turn of the knob between each, finally yielded
something that looked just right to me—a sharp, clear photo of two drops of splash
seemingly suspended above the mug while the surface of the pooled water rippled from
the impact of the original drop. Only then did I attempt to put myself in the picture,
opening the flap on the right side of the box and peering through while a friend14 pushed
the button to release the water drop and trigger the shutter. I took picture after picture,
studying the display monitor after each one and periodically using my phone to
photograph the screen and save the attempts that pleased me (Figure 7.5).

14

It is possible to do it all oneself, but even with my longer-than-average arms I couldn’t comfortably
control my positioning in the image unless my friend pushed the button for me. Capturing a variety of
interesting self-portraits soon became the goal, and being hampered by limited arm length simply would
not do.
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Figure 7.5. I literally became part of the Water Drop Photography exhibit.
Exhibit Developer Erik Thogersen got the idea for Water Drop Photography from
photos of splashing water in which the photographer hand-timed the shutter release but
only rarely captured the exact moment intended. He created a system that allowed the
user to control a single variable—delay time—with precision, isolating it from other
variables usually in play for photographers (such as lighting conditions and exposure
length). The original plywood box was solid on four sides, bolted to a tabletop, and open
only to the front. The resulting photos depicted crystal-clear water droplets that sparkled
dramatically against a dark, painted background inside the box. Thogersen demonstrated
the prototype at one of the museum’s After Dark evenings. “These are awesome
pictures,” a museum visitor responded, “but I think they’re canned. It pretends to take a
picture and then shows one of the canned shots” (Exploratorium, 2012, n.p.). Through
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this comment, the outspoken visitor revealed a lack of engagement with the exhibit being
demonstrated. This person did not feel involved in what was happening; he or she didn’t
even believe that anything was happening live on the museum floor. The exhibit seemed
to this person to be a simulation of an activity carried out by an expert at an earlier time.
S/he was no more affected than s/he would have been by reading about water drop
photography in a book or watching a documentary video.
Thinking quickly, Thogersen removed the exhibit’s cover and stuck his hand in to
prove to the visitor that the photos on the display screen were not canned shots. The next
photo included his hand, proving that the photos were being captured live. This was a
turning point for the exhibit developer; when he saw the photo of the falling drop with his
hand in the background he observed that the water drop had acted like a lens, imaging his
hand upside down (Figure 7.6). That unintended effect became a central element of the
reimagined exhibit, although it is not mentioned on the text panel and it remains for users
to notice the phenomenon through close observation. Before the exhibit was installed
permanently on the museum floor, Thogersen cut a hole in the side of the box (covered
by a hinged flap that can be lifted) to accommodate visitors’ faces and hands, allowing
them to observe how every water drop distorts and inverts the background image
(Exploratorium, 2012). I found the inverted image effect to be somewhat interesting but
was much more engrossed by the ability to create and manipulate images of myself.
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Figure 7.6. My face appears inverted in the two drops of splash, just as Thogersen’s hand
was inverted.
Thogersen had been struggling to discover how to make Water Drop Photography
more interactive. When he put his hand inside to prove a point to a skeptic he realized
that that was what everyone should be able to do with the exhibit (Exploratorium, 2012).
With this addition to the exhibit users became part of both the process and the product of
the exhibit. Every user could be both a scientist performing an experiment on the
museum floor and an artist creating beautiful, strange, otherworldly, eerie, or delightful
portraits of themselves and their companions.15 As I studied my pictures I noticed that the

15

As I created my own self-portraits, I experimented with composition, lighting, facial expression, pose,
and anything else I could think of to change the appearance of the resulting photos.
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dramatic visual effect of the water droplets resulted from the sharp, precise lines of the
image and the extreme contrast in values, from inky-black water to bright white
highlights. I compared the crisp black and white of the water surface and droplets with
the grainy, full-color image of my face behind them. There is great potential for noticing
in these photos, and further study of the extent to which such things are noticed by the
average museum visitor (without my professional noticer status) is of interest to me for a
future study.
I created many other self-portraits during my days in the Exploratorium. The text
panel affixed to What’s hot, what’s not? instructed me to sit on a bench in front of a
camera that detected my infrared radiation (heat energy) and displayed the resulting lifesized image on a large screen in front of me. I was unrecognizable in the resulting
representation of something that is usually invisible—my heat map looks little like me
except for the general shape and proportions. Even now I’m not entirely sure that I am
the person on the left in Figure 7.7, but my hands are usually uncomfortably cold so it
seems unlikely that I’m the warm-handed person on the right. My warm-handed friend
and I played in front of the camera, gyrating to view different body parts on the screen
and touching hot and cold metal shapes to create temporary infrared tattoos on the skin of
our represented bodies. Seeing these depictions of ourselves side-by-side, my companion
and I discussed the subtle differences between our two images (my face and neck were
warmer than hers, possibly because I was wearing a sweater; while her hands were
clearly-defined, mine were barely warm enough to register on the screen as dark gray
wedges to either side of my chin)—something to which we would have devoted no time
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Figure 7.7. Physical sensations are represented visually on the screen
of What’s hot, what’s not?
or thought had we been looking at infrared images of strangers or a static snapshot of
ourselves. Unlike traditional selfies, in these images we compared our perceptions of
feeling—in various parts of our bodies and what we thought of as normal for ourselves
and for others—with what we could see on the screen.
Sketch Mirror by artist-in-residence Daniel Rozin showed us another abstracted
view of ourselves (Figure 7.8). According to the didactic text panel affixed to the exhibit,
it analyzes the colors and contours of image data captured by a camera, abstracting the
image to create something like an artist’s sketch that emphasizes the most prominent
features. While the examples described above have obvious connections with scientific
principles, this exhibit seems to be only about visual perception and looking. My
companion and I posed in front of the camera to see the impressionistic results on the
display screen, marveling that some features of our appearances that we feel to be
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Figure 7.8. The abstracted view of my
companion and me created by Sketch Mirror.
overwhelmingly obvious were deemphasized in or absent from the sketches. We
concluded that our scrutiny lacks the objectivity of the camera and sketching algorithms.
Elastotron, by artist-in-residence Eric Socolofsky, also uses a camera to capture a
live image stream of the user(s). Images are then converted into patterns of black and
white lines, translating brightness into images that look dimensional. The more light that
is reflected into the camera, the brighter the image and the more it seems to advance or
pop out. The only controls for the exhibit are three buttons, each labeled with an arrow
pointing in a different direction: down, left, and right. While the initial image on the
screen seemed unimpressive, pushing the button with the down arrow produced an image
that was immediately more compelling to me. The black and white lines of the resulting
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image resembled the contour lines on a topographic map (Figure 7.9). I immediately saw
the museum as a landscape or terrain, and my body was outlined on the screen as one of
its features. This perspective made me very aware of the physical space occupied or filled
by my body, and how it might be mapped to indicate three dimensions. The associations
ended there and no deeper thoughts came to me before I moved on to another exhibit, but
I remain impressed that a seemingly simple image could create such new associations and
launch that stream-of-consciousness thinking.

Figure 7.9. My surroundings and me as abstracted by the Elastotron exhibit to resemble a
topographic map.
Another visitor’s account of an encounter with Elastotron presents such a
different experience that it seems to describe a different exhibit: “Elastotron… acts as
neo-funhouse mirror, warping our reality. In front of the screen, visitors quickly loose
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[sic] their inhibitions, performing with their bodies and creating interactions with
strangers” (Kildall, 2011). While I was entirely focused on myself and how the
representation I saw on the screen caused me to see myself from a new perspective, the
visitors described here seem to have become less aware of their individuality and taken
advantage of the confidence of anonymity. They were visually transformed in a way that
fostered social play, which will be discussed in the following chapter.
Multiple Entry Points
Oppenheimer understood that his museum would succeed or fail depending on its
ability to move people, not on its coverage of academic topics (Grinell, 1998). While
artists and scientists, in Oppenheimer’s view, play equally important roles in the
discovery and conceptualization of natural phenomena, he felt that artists are the better
equipped of the two to influence human behavior and attitudes. He wrote: “It is the artists
who perceive and communicate how people react to their environment and it is often
through their discoveries that we change our behavior and our feelings, including our
attitudes toward life and toward all of nature” (Oppenheimer, 1982, n.p.).
As I discussed in chapter 6 under the heading “Learning is Contextual,” in order
to engage a general, diverse audience (or multiplicity of audiences) that comes through
the front doors, museum exhibits must provide different kinds of entry points, using
various sensory modes and different kinds of stimuli, to engage the widest range of
learners. For some visitors, technical drawings, tables full of data, equations, machines,
and scientific apparatus are wonderful entry points to learning, and anything else is
unnecessary. Other visitors require something else. Artworks and arts-based experiences
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provide quite different entry points from those available through science alone, and they
are often based in emotional responses. Artworks are also more likely than other kinds of
exhibits to engage and stimulate all of the senses. Among the most popular
Exploratorium attractions—both with visitors and with the teachers who teach from the
museum floor—are the exhibits created over the years by artists-in-residence. These
artists collaborate throughout their residencies with scientists, technicians, educators, and
other experts, producing exhibits that place technical and analytical entry points to
learning alongside aesthetic, sensory, and emotional ones.
I also stated in Chapter 6 that motivation is a key component in learning, and it
includes an understanding of ways in which the resulting knowledge can be used. In freechoice learning environments like museums, an important part of motivating people to
learn is getting them into the building in the first place. At this point, learning is probably
not a conscious goal; most people are just looking for an interesting way to spend some
leisure time. Luring visitors into the museum puts them in a position to learn. Providing a
broad range of activities and experiences for them once they are inside ensures that there
will be something to engage almost everyone. In the preceding pages I have mentioned
dozens of the more than 600 available exhibits and artworks in the course of describing
the museum. These exhibits represent the diversity of activities and experiences available
to museum visitors at the Exploratorium. In addition to exhibitions, nearly all museums
host special events with timely, clever, or unusual themes meant to attract comers of all
types (from loyal members to first-timers). The mix of artists, scientists, and others at
Exploratorium events also ensures that there will be something on the program to suit
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nearly everyone, with every taste and preference. After Dark, a playful evening program
for visitors 18 and up that was originally held once a month and now happens every
Thursday evening, is a good example of the variety of entry points to learning provided
by the Exploratorium’s public programs.
After Dark programs regularly feature the work of artists exploring a chosen
theme through performances, demonstrations, film screenings, and temporary
installations. These artists participate alongside scientist-experts. Temporary cash bars
are set up on the museum floor during these evenings and the café and restaurant are
open, so regardless of the theme for the evening, the socializing potential generally
associated with food, drinks, live music, and other intellectually curious adults is always
present. Many attendees probably start out just having a drink with a friend or listening to
a local band. The addition of interesting thematic content ensures that each evening will
be a different event and that repeated visits will be worth one’s time. The themes are
advertised in advance, and recent After Dark programs have had titles like Boom,
Freestyle, Decay, and Glow. The program on April 3, 2014, was titled Wearable
Technologies, and the event page on the website includes this brief description:
Since our early ancestors first donned clothes, humans have continued to modify
the ways our bodies engage with the world. Join us to experience some of the
fascinating and beautiful new technologies helping us transcend our physical
limitations, from eyeglasses to exoskeletons. (Exploratorium, 2014)
This description promises a mixture of art and aesthetic experience
(clothing/fashion, beauty) and science (new technologies, corrective lenses,
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exoskeletons). The agenda for the evening included two presentations by non- artists.
“Wearable Computing: Through the Looking Glass” was presented by Thad Starner, a
Technical Lead/Manager on Google's Project Glass wearable computing project.
Starner’s four degrees from MIT position him as a scientist: a B.S. in Brain and
Cognitive Science, a B.S. in Computer Science, and M.S. and Ph.D. degrees in Media
Arts and Science. He is also founder and director of the Contextual Computing Group at
Georgia Tech's College of Computing, where he is a professor. Google Glass, the subject
of the presentation, is an optical head-mounted display, worn like a pair of eyeglasses,
that displays information in a smartphone-like, hands-free format. It allows wearers to
communicate with the Internet using natural language voice commands.
The second presentation that night was “Not Impossible Labs: Project Daniel” by
Mick Ebeling. Ebeling, an entrepreneur raised in a family of entrepreneurs and
philanthropists, founded the Not Impossible Foundation, a nonprofit that develops
technology-based solutions to real-world problems. Ebeling formed the Foundation after
he befriended ALS patient and renowned street artist Tempt (aka Tony Quan), whose
disease had cost him the physical ability to draw. Ebeling and a team of programmers,
hackers, artists, and inventors developed the EyeWriter—a low-cost eye-tracking device
that allows people who are paralyzed to draw using only their eyes. After using the
device Tempt wrote in an email: “That was the first time I’ve drawn anything in seven
years. I feel like I had been held underwater, and someone finally reached down, and
pulled my head up so I could take a breath” (Mueller, 2011, n.p.). For his presentation at
the Exploratorium Ebeling talked about a more recent initiative, Project Daniel, that

223

helped create a 3D-printing lab in Sudan to create prosthetic limbs for victims of more
than four years of bombings in the Nuba Mountains, a war that has left more than 50,000
amputees. The Project started as a quest to figure out how to create prosthetic arms for a
single boy, Daniel, in a remote African village, and once the solution was found villagers
were left with the lab and equipment (many had never used a computer before, let alone a
3D printer) and taught how to design and print limbs for all of the other local amputees
(Not Impossible, 2014).
Artists also contributed to the evening with two performances and a film
screening. One-man band Jordan B. Wilson played outdoors on the Plaza for much of the
evening, his inventions allowing him to play electric guitar and an entire drum set
simultaneously while singing. A fashion show called “Wearable Technology on the
Runway” was held in the West Gallery to show the work of a number of visual artists.
Models walked the temporary runway in clothing and costume items that range from a
fiber optic dress resembling a luminescent jellyfish to a shawl that inflates and deflates in
response to the wearer’s emotions. Pixeldelic fashion by Joshua Hubert includes clothing
pieces embedded with hundreds of individual LEDs that can be programmed by the
wearer with custom patterns and controlled using an iPhone or iPad. Clothing created by
the collective Sensoree, founded and led by Kristin Neidlinger, monitors the body and
responds with visual perception, sounds, and tactile feedback. Sweaters glow in different
colors in response to sweat sensors on the wearer’s hands, a dress inflates to give the
wearer a comforting hug when her heart rate increases, a bodysuit produces various tones
as the wearer moves and bends, triggering flexible sensors at each of the joints. Mikaela
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Holmes provides Instructables—online, step-by-step tutorials—for the pieces she
included in the show, so anyone might be able to recreate her fiber optic mask, LEDilluminated skirt and armbands, and 3D printed headdress. Filmmaker Regan Brashear
was on hand to answer questions after a screening of her documentary film Fixed: The
Science/Fiction of Human Enhancement.
True to the hands-on nature of the Exploratorium, there were plenty of things that
visitors could actively do that night. They could try on a robotic exoskeleton created by
Ekso Bionics—the kind that has helped survivors of strokes and spinal cord injuries learn
to walk again. They played with Google Glass and tried navigating the Internet with
voice commands and a wearable display. The museum’s Explainers led an activity called
“Left, Right, Upside Down” in the Central Gallery. In the Tinkering Studio visitors
created their own Sewn Circuits, and the Explorables workshop team led an activity
called “Clothes Encounters.”
The variety and extent of the individual activities that made up the After Dark:
Wearable Technologies event demonstrate many entry points and sensory modes, and
different kinds of stimuli. On a very basic level, the theme of the evening was accessible
to nearly everyone in this society because everyone wears clothes at least some of the
time. Most people also own or have owned some kind of wearable technology, even if it
was just a watch or headphones. Beyond that, those with analytical knowledge and
interests might use the scientists’ presentations as entry points, while the artworks
performed and displayed likely appealed to those with more aesthetic interests. The event
included plenty of sensory spectacles with colored lights, unusual forms, music and
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sounds, pageantry, haptic feedback, movement, costumes to see and wear, and things to
make with one’s hands. Those initially drawn to the appearance or sound of something
new might be fascinated to learn the technologies used to create it, and those whose
knowledge previously included how things work could see many new aesthetic
possibilities for those technologies. The personal stories that drive the work of Not
Impossible Labs and form the foundation of the documentary film put a human face on
the evening’s theme and provided an entry point—human empathy and shared
struggles—for visitors not particularly interested in the science or the art. The
presentations and the robotic exoskeletons of Ekso Bionics focused on eminently
practical research and development activities and accomplishments (perfect for the
engineers in my family and the brother-in-law with the MBA, I thought, as I considered
how some of my near-and-dears would have responded to the event), while the music
performance, fashion show, art-making activities, and to an extent the documentary had
more whimsical and fantastic themes (to entice the teachers, designers, and musical
theatre actor in the family, to continue my personal musing). Wearable Technologies
included enough scientific rigor and technological innovation to be a forum for those
wishing to discuss big ideas and enough spectacle and aesthetic novelty for those seeking
a purely entertaining evening.
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CHAPTER 8 : MUSEUM AS PLAYGROUND
The opening scenes of the Nova documentary about the Exploratorium show
Explainers playing Frisbee on the exhibit floor as they prepare for the museum to open
for the day. In the early years there was only one firm rule at the Exploratorium, for staff
and visitors alike: no riding a bicycle among the exhibits (Oppenheimer, 1972). Play—as
Frisbee games and in many other forms—was the norm, and it remains an important part
of the Exploratorium experience. According to Oppenheimer, art was an absolutely
appropriate venue for play, and also for breaking rules (Cole, 2009). The playfulness of
the place allowed visitors to feel comfortable, no matter how forbidding and alien they
might find science and art to be.16
Oppenheimer took play seriously because it is non-coercive and allows visitors to
make genuine discoveries. It is not, however, effortless, or even easy. He recognized that
play is much harder than it seems, especially for adults, as it requires conscious effort to
remain playful in one’s work (Cole, 2009). Oppenheimer believed it was worth making
time for: “In our rapidly changing culture, adults probably require play as much as
children do in order to cope with and adapt to these incessant qualitative changes” (1972,
p. 982).

16

While he found the work of artists better able to connect with people and more likely to elicit emotional
buy-in than that of scientists, Oppenheimer recognized that artworks are not immediately apprehendable to
all viewers. He understood that for many people, art—especially contemporary art—is every bit as
intimidating as science (Cole, 2009). Science is thought to be “hard,” and non-representational art is
thought to be “deep and profound”—misconceptions in both cases. Not only is art itself alien, but
contemporary artists, like scientists, are often thought to be eccentric characters who do unpredictable,
outrageous, and sometimes dangerous things.
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With no rules beyond the bicycle ban and nearly every exhibit designed for
hands-on interaction, Oppenheimer’s Exploratorium was like a giant playground full of
cool toys with which there were no wrong ways to play. He wanted all museum visitors,
regardless of age, to play in a childlike way in order to achieve a comfort with the natural
world. He wrote:
A large part of the play of children involves using common physical and cultural
components of society in a context that is divorced from its primary purpose. It is
through such inventive and repetitive play that they learn to feel at home with the
world. In this fashion, our exhibits are also playful. (1972, p. 982)
Museum employees were also expected to play with exhibits and with everyday objects
separated from their intended uses or contexts. In this way, “all manner of lovely things
are discoverable,” he wrote, even by the people who invent and build the exhibits (p.
982).
Another reason Oppenheimer valued play so highly is that it is one of the few
activities that explicitly encourages people to rely on their sense of aesthetics (Cole,
2009). In play, people try out and do things because they like them. They do things that
are pleasing, that seem “right” in some way, and that reward the senses. He wondered
whether toys were an introduction to art. He said: “Toys that are well conceived and not
just junk may be the prime movers that induce people to strive for a nicer and nicer world
in which to live” (as cited in Cole, 2009, p. 190). Although he did not explicitly connect
this idea with the objects and exhibits in his museum, one might see many of the hands-
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on creations of artists-in-residence and staff artists as very well-conceived toys for the
use of visitors.
The essential nature of the Exploratorium has not changed since Oppenheimer
first published his ideas about play. The New York Times science reporter Kenneth Chang
described the museum’s exhibits—in stark contrast with eye-catching artifacts like the
Hope Diamond at the Smithsonian Natural History Museum or the steam engine at the
Franklin Institute—as “handmade toys” (2012, n.p.). San Francisco Chronicle science
writer David Perlman observed: “When you first see kids [at the Exploratorium], it seems
like all they’re doing is fooling around. They jump on this and they jump on that and
they’re not really doing any science. But then you realize: yes, they are” (as cited in Cole,
2009, p. 175). Inside their minds and bodies, they are storing experiences, weaving
together concepts, and making neural connections.
Many schools train students to believe that science is work and art is play (for
which there is seldom time because there is so much work to do), and that mindset often
carries into adulthood. In the previous chapter, I described how site-specific artworks can
be interruptive rather than integrative, reframing museum surroundings for visitors. In the
playful Exploratorium, the disruption of artworks often has a lightening effect: irreverent
and apparently frivolous objects scattered among analytic exhibits surprise and delight
visitors, inspiring them with confidence in their ability to perceive the world as artists and
scientists without the mediation of an authority (Hein, 1990).
A few scholars put forward ideas about play before and during Oppenheimer’s
lifetime, but most of the work in play theory has occurred since his death. Play research
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supports his beliefs that play is an important and worthwhile activity for people of all
ages, that it creates opportunities for discovery, and that it fosters adaptability and
lifelong learning. Some theorists also draw connections between play and artistic
production. After summarizing major play theories in the coming pages, I will provide
examples of the many different ways to play in the Exploratorium. Most of these play
opportunities were developed by artists-in-residence and staff artists, and some involve
museum visitors in artmaking and other creative processes.
Defining Play
The Dutch historian Johan Huizinga offered a good—and relatively early—
definition of play. In his 193817 book Homo Ludens [Playing Man] he defines play as:
A free activity standing quite consciously outside “ordinary” life as being “not
serious” but at the same time absorbing the player intensely and utterly. It is an
activity connected with no material interest, and no profit can be gained from it. It
proceeds within its own proper boundaries of time and space according to fixed
rules and in an orderly manner. It promotes the formation of social groupings
which tend to surround themselves with secrecy. (p. 13)
According to Huizinga, the basic factors of play are contests or competitions,
performances, exhibitions, challenges, preening, strutting, showing off, and pretenses.
While solitary play is possible according to his definition, more often he saw play
occurring between two parties or teams. It might be competitive when some prize or

17

Original Dutch edition. Published in German in Switzerland in 1944 and in English in London, 1949.
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critique is involved, but could also be cooperative: a partner dance, a part-song, a chorus,
a minuet, the voices in a musical ensemble, and the game of cat's cradle are all presented
as examples (Huizinga, 1949).
Huizinga described strong connections between play and the arts. He saw poetry
as language not tied to logic and causality, and explained how all poetry is born of play:
in sacred ritual, hymns of joy, the odes and wordplay of attraction and courtship, call and
response, improvised songs, verbal “follow the leader” games, puns, riddles, and chainrhyme games. He found an even stronger bond between play and music, which goes
hand-in-hand, in many contexts, with leaping, skipping, and dancing. He called dancing
“the purest and most perfect form of play that exists” (Huizinga, 1949, p. 164). In relation
to the plastic arts he described the playful creativity of mind or hand and suggested play
as the growing point of art.
Scott Eberle, intellectual historian of play and vice president for interpretation at
the Strong National Museum of Play, poses the question: “Can play be defined?” (2014,
p. 216). The Oxford English Dictionary (O.E.D.) presents five dense pages of definitions
and usages of the word “play” without exhausting the subject. The word appears as a
transitive and intransitive verb, as a noun, and as an adjective. It describes actions, the
lack of action, attitudes, and both causes and effects. Eberle looked for the common
elements in definitions of play put forth by Huizinga and several more recent theorists.
He identified five basic shared qualities (Eberle, 2014):
1. Play is purposeless. It exists for its own sake, and trying to twist it to a desired
end makes it seem less like play.
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2. Play is voluntary.
3. Play is outside the ordinary; it is special and set apart. Sometimes players reserve
a special setting for playing such as a playroom, playground, field, stadium,
woods, rink, or court.
4. Play is fun, as defined by shared consensus or individual taste and preference.
5. Play is focused by rules for organizing games, making them fair, keeping games
interesting, and keeping them going. These rules can range from those printed in
official rulebooks to the outcomes of noisy, in-the-moment negotiations.
While this summary is useful, Eberle acknowledges that a definition of play based
on these five qualities is also incomplete. Play is difficult to define because it transcends
all disciplines. He advises that it is best not to think of play as a thing, but as a series of
connected events: a revolution, a journey, growth, or other processes that unfold and
move along at varying rates (Eberle, 2014). With the help of psychiatrist and play theorist
Stuart Brown, he has refined this definition: “Play is an ancient, voluntary, ‘emergent’
process driven by pleasure that yet strengthens our muscles, instructs our social skills,
tempers and deepens our positive emotions, and enables a state of balance that leaves us
poised to play some more” (Eberle, 2014, p. 231). This definition identifies benefits of
play that are physical, social, and emotional.
Brown’s research also looks for the intellectual and cognitive effects of play.
Through his work, Brown seeks to understand why people—especially adults—play. He
has found that making play part of our daily lives is an essential factor in being a fulfilled
human being. The ability to play is critical to being happy, sustaining social relationships,
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and being a creative, innovative person (Brown, 2009). Like other theorists, Brown
describes play as much more than children’s activities with toys: it is games, sports,
books, movies, art, music, jokes, dramatic stories, flirting, day-dreaming, comedy,
fashion, wonder, and irony—all activities that lift people out of the mundane.
Brown extensively studied play in humans, but felt that to really understand what
play does for us he needed to know how it operates in other animal species. He found that
researchers studying humans did not communicate with researchers studying nonhuman
animal subjects, and sought to pull the two bodies of research together to better ground
the science of play in evolutionary biology. Brown found Bob Fagen, an expert who had
compiled the most comprehensive review of literature on animal play to date and was
conducting the world’s longest-running observations of animal play in the wild. When
pressed to explain why his grizzly bear subjects play, Fagen gave a reason that is just as
applicable to humans: “In a world continuously presenting unique challenges and
ambiguity, play prepares these bears for an evolving planet” (as cited in Brown, 2009, p.
29). After documenting the grizzlies’ play behavior for more than 15 years Fagen
determined that the bears that played the most were the ones who survived best, even
though playing takes away time, attention, and energy from essential survival activities
like eating. Although natural selection might be expected to favor the hardest workers
and reduce the playfulness of a species over time, the opposite is true. The play impulse
is preserved. One major theory on its usefulness states that play is simply practice for
skills needed in the future (Brown, 2009). Animals that play a lot quickly learn how to
navigate their world and adapt to it.
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Play, which is more prevalent during the periods of most rapid brain development
in childhood, seems to contribute to the process of neural evolution. It promotes the
creation of new connections between neurons and disparate brain centers (Brown, 2009).
Unlike other animals, humans’ brains can keep developing long after adolescence ends,
and play promotes that growth. We are shaped by evolution to be lifelong players, able to
benefit from the activity at any age. As we play, we continue to change and adapt into old
age (Brown, 2009). Play has short-term benefits too, as a little bit of playful, “nonproductive” activity can make one enormously more productive and invigorated in other
aspects of life. Humans do not need to play all the time to be fulfilled; in most cases, play
is a catalyst. Getting just a little true play can make people more productive and happier
in everything they do, including learning (Brown, 2009).
Properties and Patterns of Play
Brown asserts that play is not an activity, it is a state of mind. He finds play to
have three of the same qualities shared by most other definitions (as identified by Eberle,
above):


It is apparently purposeless (done for its own sake). Play activities do not seem to
have any survival value. They do not help in getting money or food, and are not
done for their practical value.



It is voluntary, not a requirement or a duty.



Play has inherent attraction—it is fun. It makes the player feel good and provides
psychological arousal.
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In addition, Brown describes four other properties of play that are experienced by the
player:


Freedom from time. When fully engaged in play, one loses a sense of the passage
of time. The player is fully in the moment, in the zone, and experiencing what the
psychologist Mihaly Csikszentmihalyi calls “flow.”18



Diminished consciousness of self.



Improvisational potential: the player is open to serendipity and chance, and
willing to include seemingly irrelevant elements in the play. The act of play itself
may be outside of “normal” activities, resulting in the discovery of new behaviors,
thoughts, strategies, movements, or ways of being.



Continuation desire driven by the pleasure of the experience: the player finds
ways to keep it going. If something threatens to stop the fun, new rules or
conditions are improvised so that the play does not have to end. When it is over,
the player wants to do it again.

The play state of mind characterized by these seven properties manifests in several
different patterns or types of play that begin in infancy and continue (ideally) throughout
life. Four of the patterns are particularly relevant to activities in the Exploratorium: body
play and movement, social play, creative play, and object play. Examples of these four
types of play are described below.
18

Csikszentmihalyi and Hermanson (1995) characterize ideal learning at exhibits as initially driven by
curiosity and interest, and then sustained via a “flow” state in which visitors become fully involved with
mind and body in an intrinsically motivated activity. To create a flow state, activities generally need to be a
bit above the visitor’s skill level (because it is new information that they don’t yet understand, or an activity
that they’ve never tried, or just information presented in an unexpected way that requires thinking to fit the
information into an existing context/ understanding), with a clear set of goals and rules (Allen, 2004).
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Body play & movement
Movement is primal and is a component of all other patterns of play. In order
really to understand oneself and play, one must understand and appreciate human
movement. Learning about self-movement creates a structure for an individual’s
knowledge of the world, including spatial, temporal, and interpersonal relationships.
Movement play lights up the brain and fosters learning, innovation, flexibility,
adaptability, and resilience (Brown, 2009). Body play is universal, so when someone is
having a hard time getting into a play state, Brown instructs them do something that
involves movement (Brown, 2009). The play-driven pleasures associated with
exploratory body movements, rhythmic early speech (moving vocal cords), locomotor
and rotational activity are done for their own sake, but they also shape the brain and
ready the player for the unexpected and unusual (National Institute for Play, n.d.).
Because of the hands-on nature of the Exploratorium, many of the exhibits
involve varying degrees of body play. One of the exhibits that engages the entire body
and allows for nearly all possible forms of movement is Recollections (1981), by artistin-residence Ed Tannenbaum. This exhibit is isolated in an enclosed space with blackpainted walls. Inside, the only light comes from the images on a display monitor that fills
one entire wall. As the visitor enters the space, the only explanatory information available
is the artwork title and artist’s name (Figure 8.1).
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Figure 8.1. The text panel near the entrance to the space containing Recollections, with a
section of the large display monitor visible inside.
Once inside the room, it quickly becomes apparent that a video camera is
mounted somewhere in the darkness, as a larger-than-life, real-time image of the room’s
occupants fills the display monitor. A record of the last few seconds of the visitors’
movements is expressed through rainbow-colored multi-images. The display cycles
through different picture modes, from white outlines on a black field (Figure 8.2) to
psychedelic colors; from a single image (Figure 8.3) to a split-screen with images
mirroring each other first horizontally and then vertically (Figure 8.4). Visitors walk,
sway, twirl, and dance around the room with eyes glued to the display, observing the
resulting shapes and patterns created by their bodies and adjusting their movements
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accordingly to be larger or smaller, faster or slower, coordinated with others’ in the room
or independently executed. Because the picture mode shifts continuously and
unexpectedly, motions that produced a dramatic or desired effect a moment before
suddenly become dull or ineffective, and constant adaptation is required. Each player
choreographs his or her dance in the moment.

Figure 8.2. The "outline" picture mode of Recollections.
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Figure 8.3. One of the picture modes of Recollections.

Figure 8.4. The "vertical mirror" picture mode of Recollections.
Although there was no music playing in the exhibit, I use the word “dance” to
refer to what I observed visitors—including myself—doing in the Recollections space.
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Occupants executed controlled body movements chosen for aesthetic effect. The word
“dance” alone meets Huizinga’s criteria for play, but visitor interactions with
Recollections also contain Brown’s properties of play. There is no practical or survival
purpose to interacting with the exhibit, and no stated objective or learning outcome. My
companions and I were drawn to the space by the psychedelic images we could see on the
display within, and were curious about their source. We entered voluntarily, as did all of
the visitors I observed except for a few who were dragged inside by a companion who
excitedly declared: “Come see this!” What I experienced within the exhibit was pleasure
in moving and in observing the physical manifestation of the paths of my movements and
the forms my body created. I had fun. My two companions also described the experience
as fun. We had no awareness of the amount of time spent in the exhibit space and did not
consider moving on in order to see something different. I also experienced diminished
consciousness of myself. I am a shy and reserved person who does not dance in public or
do anything that might attract attention from strangers, yet there I was, gyrating
erratically, doing yoga poses in a museum, and posing with two other women to create a
tableau resembling Charlie’s Angels. I improvised movements and poses as I
experimented with different visual effects. Finally, when it seemed that I had experienced
all of the different display modes and exhausted my repertoire of individual movements
and poses, my companions and I started coordinating our movements to introduce
novelty and continue the experience, which we were all enjoying.
Back at home after this museum visit, I searched the Exploratorium website for
more information about Recollections. The short description I found gave me a bit of
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information about how the exhibit works and described outcomes that have little in
common with my personal experience:
This work addresses the poetics of motion, time and color. A video camera picks
up head-to-toe movements of a viewer/participant. A sequence of these images is
stored in solid-state memory and displayed on color monitors or projected in
controlled "modes" that are based on time and space. Through this work, the
participant is able to explore animated effects like how sequences of images
create movement. By displaying sequences simultaneously, movement forms are
created. The history of the movement is expressed through rainbow-colored
multi-images that evoke memories of legendary photographer Harold Edgerton's
work. (Exploratorium, n.d., n.p.)
Perhaps Ed Tannenbaum was inspired by Harold Edgerton’s work when he
created Recollections, but it was nowhere near my thoughts when I saw the exhibit19
despite my familiarity with Edgerton’s work (and framed samples of Edgerton’s
photographs hanging in an adjacent gallery). Edgerton’s photographs impressed me with
their aesthetic appeal, but I am also keenly aware of the technical aspects of creating such
images and of the phenomena Edgerton intended to document. The photos are very
evidently static records of a split-second in time, showing a moment that passes too
quickly for the human eye and brain to register it. On the contrary, Recollections is all
movement, energy, fun, and play. I was not at all concerned with “how sequences of
19

I suspect that the anonymous silhouettes and psychedelic colors of Recollections have something to do
with this, as they’re very unlike Edgerton’s sharp, highly-detailed, black and white or true-color images. If
anything, Recollections evokes memories of the legendary Beatles and the 1968 animated film Yellow
Submarine.
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images create movement,” and entirely engrossed in how my body moved and what those
movements felt and looked like. For me, Recollections did not succeed as a learning
experience, but it definitely facilitated play. It was entirely an aesthetic, kinesthetic, and
social experience.
Another dance-based exhibit in the original Exploratorium location (I did not find
it during either of my visits to the new museum building, so I will refer to it in the past
tense as it is no longer on display) was Social Projections by Chris Cerrito. It was also
located in an enclosed space, about 12’ by 14’ in size that was significantly darker than
the surrounding galleries, although this one had two entry/exit points instead of one. A
series of black and white generative animations were projected on the floor of the
space—geometric shapes that moved, twirled, grew, shrank, and faded in and out (Figure
8.5). The exhibit label placed next to the entrance to the space included the title of the
exhibit and the following text: “There are no rules about interacting with these moving
shapes. What behaviors are interesting to you?” Like Recollections, this exhibit provided
opportunities for body play, exploratory movements, and fun. Unlike the other exhibit, I
found myself playing alone, and I ultimately spent significantly less time there.
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Figure 8.5. The “Rain Drop” sequence of Social Projections. Other animated sequences
were “Shifting Grid” and “Bouncing, shrinking circle” (Cerrito, 2011).
While Recollections focuses the visitor’s attention on his or her own body and
movements by displaying the visitor’s image on a wall-sized screen, the visitor to Social
Projections was more aware of the physical relationship to and interaction with the
shapes—it was like following the lead of an unpredictable dance partner. Rather than
choreographing movements for aesthetic effect, the player reacted to and attempted to
anticipate the motion of a stimulus. While Recollections encouraged group play and
social interaction for most of the groups I observed in the exhibit space, Social
Projections, despite the name, seemed more conducive to individual play, as I found it
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difficult to keep an eye on the shapes on the floor while observing and interacting with
another person.
I did not have the opportunity to see other groups interacting in the space despite
the large number of visitors in the museum, unlike the always-occupied space of
Recollections. In considering why two exhibits with so many similarities (size and nature
of space, darkness of space, projection of shapes that move and change, kinesthetic nature
of activity) might attract such different levels of user engagement during my
observations, I concluded that the major difference between these two exhibits is the
extent to which the visitor can insert him or herself. Like several exhibits I described in
the previous chapter, Recollections shows visitors images of themselves—moving, fullbody selfies. Not only is it inherently more interesting to look at images of the self and
known companions than of geometric shapes, but that exhibit also gives the visitor some
control over how and when the shapes will move. Social Projections, on the other hand,
could only be reacted to and never controlled.
Social play
Humans are social animals, and play builds the foundations of social competence
that allows society to function and relationships between people to flourish. Social play
ranges from the playful wrestling of young animals or juvenile humans (a subtype called
rough-and-tumble play) to verbal banter between friends, a subtype called friendship and
belonging. Research on social play in animals and humans has shown that it is necessary
for the development and maintenance of social awareness, cooperation, fairness, and
altruism (Brown, 2009).
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The social play of children begins as parallel play. Toddlers sit next to each other
playing independently; they are aware of each other’s presence but do not interact
directly with each other (Brown, 2009). This type of play serves as a bridge to play that is
more cooperative. Kids playing in parallel are in a position to start reaching out to their
play neighbor and become part of their game. This pattern is repeated by museum visitors
learning in parallel at the Exploratorium. Strangers stand or sit near each other as they
interact with different parts of an exhibit or adjacent exhibits. They often watch each
other in order to learn from what the other is doing. Occasionally they begin to relate
verbally with each other and possibly physically collaborate as they manipulate parts of
the exhibit, but more often, they observe each other in companionable silence while
continuing to work independently, as in the example of the bubble table I shared in
Chapter 6. There, members of three different family groups played around a shared table,
learning new techniques from watching each other but never directly addressing each
other. This is how some museum visitors experienced Social Projections.
New media artist Scott Kildall visited the exhibit as part of a group with other
adults. Although group members knew each other, the behavior he describes sounds like
parallel play:
Social Projections impressed me by its non-interactive nature. At first, it looks
like it responds to movement…but instead, there is no camera vision. People
quickly make up their own rules. Different shapes appear and move through the
space. People negotiate social behavior, jumping over lines, stepping in and out
and performing collaborative tasks, all without interaction. (Kildall, 2011)
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A statement by the exhibit developer, located on a wall near the entrance to Social
Projections, also described a different social phenomenon than what I experienced. He
could be referring to either parallel play or more direct social play:
Once they enter this space, visitors must decide how to react to the simple shapes
and patterns that they are presented with, and often seem to do so in a very
definitive and intentional manner. In many cases, the behavior of a single
individual will have a distinct influence over the entire group’s dynamic, which is
always fascinating to watch.
While parallel play is common among strangers in the museum, many
Exploratorium exhibits are designed for direct social play. Team Pac Man (introduced in
Chapter 5) and Emotion Tracer (introduced in Chapter 6) are two exhibits that are
impossible to use successfully (for their intended uses, at least) without at least two
participants. Listening Vessels by artist Doug Hollis also requires at least two people
working—or playing—together. The exhibit is composed of two large parabolic sound
reflectors set at least 50 feet apart from one another on the museum floor. When visitors
sit opposite each other and speak in quiet voices, each in their own vessel (Figure 8.6),
the sound coming from each reflector is focused, allowing each person to clearly hear the
other's voice in spite of the distance separating them, the not inconsiderable noise in the
museum, and the movement and conversations of people strolling through the space
between the two reflectors. My companion and I took conspiratorial delight in
exchanging “secret” messages across the crowded gallery, and shared our individual
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insights about the exhibit just as we did for most of the others we interacted with, but in
this case from opposite sides of the building.

Figure 8.6. A great expanse of museum floor (and often crowds of visitors) fills the space
between the two sound reflectors of Listening Vessels.
Brown’s claim that social play develops social awareness and cooperation is
supported by my personal experiences with Listening Vessels and other “group play”
exhibits in the Exploratorium, and by my observations of other museum visitors. Many
exhibits were explicitly designed for two or more visitors actively working together,
while others, like the bubble table, position independent users around a circular table so
that they demonstrate for, observe, and learn from each other in a process of indirect
cooperation. I observed that Exploratorium exhibits are likely to be experienced in a
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cooperative and social way even if they do not fall into either of those categories. As I
explored the museum I found it to be a more social experience than most of my museum
visits. My companion for two days of my research visits—one day at the Palace of Fine
Arts location and one day at the Pier 15 location—was a friend with whom I’ve visited at
least two dozen other museums over the last 15 years. Our usual pattern is to move more
or less in tandem from gallery to gallery throughout a museum, but to circulate
independently from exhibit to exhibit or artifact to artifact within each room or gallery.
We come together occasionally to show each other a particularly compelling object or
share an exciting insight, but our museum experiences are seldom truly cooperative and
collaborative. In the Exploratorium, however, we seldom roamed independently. The
exhibits like Listening Vessels that require group play accustomed us to working together
in the museum, and we fell into a pattern of moving in tandem. The arrangement of
exhibits in the center of each gallery space, so that visitors face each other rather than
facing the walls to look at hanging objects or to read labels, makes social interaction
effortless and, in many cases, difficult to avoid. The museum seems to force social play,
resulting in awareness of others, direct cooperation with one’s known companions, and
indirect cooperation with observed strangers in the museum.
Creative play
Play in the Exploratorium is not reserved for visitors. As mentioned earlier,
museum employees have time and freedom to play with objects and ideas to encourage
innovation. Their ability to perform their jobs depends on creative play. Because play is
all about trying on new behaviors and thoughts, it frees us from established patterns.
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Engaging in fantasy play at any age helps to germinate new ideas and ways of being:
daydreams may give rise to new ways of doing business, fantasies may lead to new love,
and visualization may lead to a new invention (Brown, 2009).
An example of the usefulness of creative play in the Exploratorium is found in the
history of an early exhibit built around the phenomenon of phosphorescent and
fluorescent substances glowing when their atoms are excited and their energy is released.
There is a technical explanation for the phenomenon that is likely to put off many nonscientists, despite their familiarity and comfort with the everyday experiences of
fluorescent lightbulbs, Day-Glo paints, and “brighter than white” laundry detergents. The
challenge to Exploratorium exhibit developers was to demonstrate the relevance of
Fraunhofer lines20 to non-physicists visiting the museum, who felt that an artist’s insight
was needed to bring the subject to life (Hein, 1990). Coincidentally, an artist named Carl
Bücher had invented a phosphorescent vinyl material that he used to produce light art.
The Exploratorium eagerly accepted his offer to create an exhibit out of the material, and
the result was Shadow Box: a three-sided structure with interior walls lined with the
phosphorescent vinyl. Visitors stand and pose against the walls. At intervals a buzzer
sounds, alerting them to hold their position as a bright strobe light flashes. The light
excites the exposed phosphorescent material on the wall, while the areas covered by
people’s bodies create a choreographed mural of shadow images until the phosphorescent
wall around the images is de-excited and stops glowing.

20

In physics and optics, the Fraunhofer lines are a set of spectral lines named after the German physicist
Joseph von Fraunhofer (1787–1826) who first observed and mapped the spectral lines of pure elements.
The lines were originally observed as dark features (absorption lines) in the optical spectrum of the sun.
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One critic complained that there was nothing to be learned from Shadow Box—it
was just fun (Hein, 1990). For visitors it was little more than an opportunity for body and
movement play and the creation of more ephemeral selfies (as in Recollections), but
within Exploratorium staff it paved the way to additional exhibits on light emission and
absorption. While experimenting with materials and lighting techniques that would
heighten the shadow effect of Shadow Box, the staff developed several other didactic
exhibits that display related phenomena such as the effect of temperature on light storage,
variations in energy release (glow) due to differences in the wavelength (color) of the
illuminating light, and the capacity of substances to absorb, store, and release energy in
the form of light (Hein, 1990). Museum visitors also benefit from “just fun” exhibits like
Shadow Box, as the artist’s presentation is an enticing first encounter with a subject like
light that draws the museum visitor into a deeper analysis.
While museum visitors benefit from the creative play of Exploratorium
employees, the visitors have access only to the product of the play and not to the process.
While some employee work spaces such as the exhibit building shop are on view to the
public, the trial-and-error process of solving a problem with creative play can take days
or weeks. Most museum visitors see just a few minutes of the process, which is not
enough time to observe the testing of multiple possible solutions. When visitors do
experience creative play in the Exploratorium, it is in combination with object play in the
Tinkering Studio, as described in the following section.
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Object play
Examining, experimenting with, and manipulating objects is a pervasive pattern
of play. In infants, spoons, keys, food—really, anything that can be picked up and put in
the mouth—become objects of play. Particular object and toy preferences emerge in
toddlers. As skills in manipulating objects develop, so do circuits in the brain. The
physical part of object play is a pleasurable tactile experience that promotes motor skills
development, but hands playing with all types of objects help brains develop beyond
strictly manipulative skills. Object play with the hands creates a brain that is better suited
for understanding and solving problems of all sorts (Brown, 2009). Early encouragement
of and facility in manipulating objects has been correlated with effective and innovative
adult problem solving. A recognition that progressively more complex object play is
related to overall competency has sparked research interest in work readiness, as a
deficiency in fixing things by hand as a youth may mean deficiencies in complex problem
solving in challenging work settings as an adult (National Institute for Play, n.d.).
Object play is a common activity for children, and those who are not supplied
with objects like toys, building sets, and sports equipment tend to find their own play
objects in their natural and manmade environments. Small branches, household objects,
and items discarded as trash can all become favorite toys. The attraction of objects is so
great to children that they have difficulty resisting tactile exploration, even when they are
told not to touch. The intrinsic reward for play in children is strong because it is needed
to help generate a rapidly developing brain. The adult brain is not developing as rapidly,
so adults can do without play in the short term. The play drive is generally not as strong
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as it is in children, and adult work and other responsibilities take precedence over play.
However, when play is denied over the long term, optimism is lost and adults become
anhedonic, or incapable of feeling sustained pleasure (Brown, 2009). The rise and
popularity of the Maker movement21 is evidence that the impulse for object play is also
present in adults, but older players often require mentoring and instruction on how to
play. Many adults feel too busy or overwhelmed to engage in activities that are seen as
unproductive, immature, or a waste of time. While many adults are drawn to toys and
amass large collections of them, they never remove such objects from their packages
because it would decrease their monetary value (once again, impractical and wasteful
behavior). The purchase of toys can be justified, however, if they are part of a collection
that is a financial investment. The popularity of the Maker movement and its wide
endorsement by the media and the kinds of smart, innovative people invited to give TED
talks has given many adults a license to play. It justifies the purchase of toys to be
modified or customized or, better yet, the building of toys from scratch. Making brings
together multiple patterns of play: makers use their hands to play with everyday materials
and household objects (often taking them apart and rebuilding them into something
better); they play socially as they teach each other, critique, and share ideas; and they
engage in creative play as they build new things or modify existing ones to match mental
images and imagined models.

21

The Maker movement is a grassroots, peer-to-peer, open source cultural force that embodies a hands-on
approach to building, modifying, and repairing things (Debatty at al., 2011). The maker methodology
inverts the model of top-down education and replaces it with a grassroots network of DIYers and DIWOers
(Do It With Others-ers) who undertake surprisingly complex projects, including building custom furniture
pieces, modifying consumer electronics, and building robots and drones. It encourages the creation of items
that are inventive, clever, and aesthetically pleasing
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In the Exploratorium, the Maker movement inspired the creation of the Tinkering
Studio, the museum’s maker space (introduced in Chapter 5 and described in some detail
in Chapter 6, which emphasized the social and collaborative nature of the space). The
Exploratorium was a pioneer in public, collaborative tinkering when The Tinkering
Studio opened in 2008—just two years after the first Maker Faire, and years before such
spaces began to appear in other museums and public libraries. The Tinkering Studio has
been a prototype for programs in museums around the world (Guthrie, 2011). It is open to
the public during all open museum hours. Anyone can come in, pick up interestinglooking materials, and begin to work either alone or with companions. Workshops
happen regularly in the space, featuring project and technique demonstrations by visiting
artists or Tinkering Studio staff. Educators can attend more intensive workshops and
"Tinkering 101" courses to learn about things like mechanical toy dissection, marble
runs, and circuit exploration (Guthrie, 2011).
Situated directly across from the museum's workshop, the maker space allows
visitors to construct and experiment with their hands at the same time museum staff,
within sight, are experimenting and building exhibits. The space is stocked with low-tech
tools and materials, and very little technology. Its purpose is to allow museum visitors to
think with their hands, and digital technology would remove much of the ability and
opportunity to get one’s hands on materials, having a tactile experience and manually
manipulating materials rather than simulating that manipulation and the outcome. In the
Tinkering Studio, the process is considered much more interesting than the end result
(Guthrie, 2011); the process is also the play experience. Most play time does not produce
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a tangible result or product, and if visitors in the Tinkering Studio have no physical object
to take home with them at the end of the day it does not diminish the value of the time
they spent exploring and manipulating objects, tools, and materials; the social play with
other tinkerers and museum staff that likely introduced novel ideas or conveyed new
skills; or the creative play that involved testing possible solutions and prototypes.
Surrounding and delineating the maker space are walls and display cases filled
with the products of past tinkerers and artists who worked in the space. One wall is
covered by a huge vinyl print of a photograph created by artist-in-residence Todd
McClellan (Figure 8.7). McLellan takes things apart, disassembling them down to their
smallest component parts, and arranges the pieces in orderly yet beautiful ways. He then
sets up photo shoots and photographs his arrangements. The subjects of his dissections
are always artifacts of everyday life, often household machines and consumer electronics
such as old computers, a Walkman, a snow blower, a watch, an accordion, and a bicycle.
For McClellan, these objects are the antithesis of the readymades of Duchamp and Dada:
McClellan acquires a complete object and rather than exhibiting it as it is, goes through
the lengthy process of building his art by performing the construction process in reverse.
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Figure 8.7. A huge vinyl print of Old Typewriter by Todd McClellan, from the series
Disassembly, hangs on a wall adjacent to the entrance to the Tinkering Studio. The image
depicts the carefully arranged pieces of a white Smith-Corona typewriter.
During his residency, McClellan did his dissection work at a special table in the
Tinkering Studio. Visitors were able to observe his precise and painstaking work, as he
carefully removed each piece without forcing or breaking anything, performing the
assembly process in reverse. He conversed with visitors and answered questions while he
took apart an iPod, a digital point and shoot camera, and a polaroid camera (space is
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limited if there is to be room left for workshop participants to play, so by necessity the
items were small) and beautifully displayed the parts on a board. While he was there, the
Tinkering Studio hosted a public activity titled “Taking Things Apart with Todd
McClellan.” Most of the tables in the maker space were devoted to disassembly, with a
few set aside for assembly. Visitors took apart small appliances and electronics and chose
what to do with the resulting pieces: lay them out on a table in an aesthetically pleasing
way, as McClellan does, and take a picture; use the tools and materials at an assembly
table to create accessories from the pieces; or nothing—some visitors were finished once
they had concluded disassembling. Some skipped the disassembly activity entirely and
just created new objects from all of the pieces that filled the Tinkering Studio as the day
progressed. Visitors made earrings and necklaces, a medallion from a rotary phone, a ring
with “gemstones” of crushed green acrylic from an electronic game, sunglasses made
from speaker vent, copper wire, and circuit board (bejeweled with colorful transistors and
resistors), and many other one-of-a-kind creations (The Tinkering Studio, 2013). In a
blog post about the activity, an Exploratorium staff member wrote: “It's amazing what
happens when you take an everyday item out of context; a demystification occurs, a new
world of possibilities becomes visible, and a huge realization of how much, or how little,
one knows about the appliances you use everyday [sic]” (The Tinkering Studio, 2013,
n.p.).
This blogged observation gets at the heart of how the Tinkering Studio supports
Oppenheimer’s vision for the Exploratorium and the current mission of the museum.
Oppenheimer sought ways to help people understand the world around them and deal
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with constant change. Much of the museum is dedicated to fostering an understanding of
the natural world, living systems, the laws of physics, and human nature. The activities in
the Tinkering Studio and other object play opportunities in the South Gallery allow for a
greater understanding of the manmade world and the rapidly changing nature of
technology. When the play state of mind is encouraged and activated in visitors, both
assembly and disassembly become occasions for problem solving that does not feel like
learning (work). When visitors were invited to mimic McClellan in taking apart a
machine or electronic gadget (engineering-type work) and then put the resulting pieces in
an aesthetic rather than technical context (artist-type work), they naturally looked closely
at the shape of each piece, its material, and how all of the parts fit together. Invisible
inner-workings were made visible. These activities encouraged speculation and the
drawing of conclusions, allowing a level of mastery over objects too complex to be
comprehended all at once.
Conclusion
As literature on play theory demonstrates, play has many benefits for people of all
ages. While my study is not designed to yield evidence of Exploratorium activities
producing the developmental, neural, and cognitive effects of play described early in this
chapter, my examples do illustrate how visitors can experience other benefits. Body play
and movement are fun and fulfilling, and they function as icebreakers that encourage a
play state of mind beneficial for openness to other activities. Social play builds
relationships and readies participants for collaboration, even if they are virtual strangers.
Creative play produces new ideas and approaches to problem solving, both practical and

257

far-fetched, that become new designs, prototypes, and products. Storytelling-narrative
play puts pieces of information into a unified context and gives visitors a way of
understanding why things are the way they are. Finally, object play allows for hands-on
exploration of the world to supplement theoretical and hypothetical knowledge and
provides a desirable and widely accepted outlet for adults’ play impulses. In many cases
artists’ works and artmaking activities make much of this play possible, and in every
case, from my perspective, they make the experiences more pleasurable, more fun, or
better in some other way. The contributions artists and artmaking offer to creative play
and object play mirror the benefits to scholarship and innovation that come from artists
and scientists working together—the subject of the next chapter.
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CHAPTER 9 : INTERDISCIPLINARITY SUPPORTS INNOVATION AND NEW
SCHOLARSHIP
The years immediately following the founding of the Exploratorium saw a flood
of research and theory on the relationship between art and science, and most of the
emerging ideas supported Oppenheimer’s beliefs on the subject. Many other scientists
and historians of science wrote about the influence a sense of form and aesthetics has on
the manner in which theoreticians formulate their theories, even in the so-called hard
sciences. This period saw the publication of several influential and widely read books on
the subject, including Arthur Koestler’s Act of Creation (1964), Judith Wechsler’s On
Aesthetics in Science (1978), Subrahmanyan Chandrasekhar’s Beauty and the Quest for
Beauty in Science (1978), and J. B. Eklund’s Art Opens Way for Science (1978). The
topic is covered in a number of essays in György Kepes’s Vision + Value series, with six
volumes published in 1965 and 1966. A year after the final volume was published, Kepes
founded the Center for Advanced Visual Studies at MIT. The mid-1960s marked the
beginning of the gradual recognition that at a deep level, the scientist and the artist tap
into the same sources for their creativity (Zubrowski, 1982).
Some scholars posit that basic discoveries arise out of an aesthetic curiosity
fostered by play with materials or ideas. Cyril Stanley Smith, historian of technology,
wrote:
Historically the first discovery of useful materials, machines, or processes has
almost always been in the decorative arts, and was not done for a perceived
practical purpose. Necessity is not the mother of invention—only of
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improvement. A man desperately in search of a weapon or food is in no mood for
discovery, he can only exploit what is already known to exist. (1976, p. 144)
Smith continues with specific examples: the wheel first appeared on toys; the
automata used in Greek temples and theatres, based on hydraulic and mechanical tricks,
came before the water wheel and the clock; the lathe was used to turn guilloche snuff
boxes a century before heavy industry used it; and rockets for fun predated their military
use or space travel (Smith, 1976).
Other scholarship explores the similarity between the processes and ways of
thinking of artists and scientists. Physiologist and science historian Robert RootBernstein, who has written extensively about art and science, has found four ways in
which innovative ideas flow between the professions (Root-Bernstein, 2003a). The first is
problem generation, which is far more critical to innovation than problem solving. Artists
are particularly good at generating new questions to answer in non-art disciplines because
they are outside of the boundaries of accepted disciplinary sources, they perceive the
sublimity of the mundane, they turn things upside down and play contradictions, and they
question habit (Root-Bernstein, 2003b). Mark Allen, director of the Machine Project (a
group of collaborative participatory artists), refers to artists as problem explorers. He
doesn’t see himself as someone who is hired to solve problems, but as someone who uses
those problems as the starting point for investigation of deeper issues and possibilities. In
an ebook documenting the Machine Project's year-long residency at the Hammer
Museum in 2010, Allen wrote:
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When people at an institution speak of a problem, it is often to indicate something
that interferes with their operation. From the artist’s perspective, a problem is a
provocation or a site to which the artwork responds by creating something that
engages the problem and makes it visible in a different light. (Machine Project &
Hammer Museum, 2011)
The second way in which the combination of art and science leads to greater
innovation, according to Root-Bernstein (2003a), is that the arts provide scientists and
engineers with nontraditional tools that can be used to solve problems. In 1878, J. H.
van’t Hoff, who went on to become the first Nobel prize winner in Chemistry in 1901,
proposed that scientific imagination is correlated with creative activities outside of
science. Similar ideas were later shared by several other Nobel laureates, and subsequent
psychological studies have suggested that eminent people in all fields are much more
likely to be broadly talented than the average person (Root-Bernstein, 2008). In testing
other scholars’ assertions that scientific geniuses are polymaths, Root-Bernstein
concluded that the more successful a scientist, the more likely he or she is to have one or
more adult arts and crafts avocations (2008).22 He found that the average member of both
the U.K.’s Royal Society and the National Academy of Sciences (North America)—
scientific academies to which members are elected based on their achievements and
contributions to their fields—is about twice as likely to have one or more arts and crafts
avocations as members of Sigma Xi, the Scientific Research Society (to which
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Root-Bernstein emphasizes that these arts hobbies are active and ongoing in parallel with the scientists’
careers; the success is not correlated with any developmental advantage stemming from childhood activity
in the arts.
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membership is open to any working scientist), and members of the general public. Nobel
laureates are almost three times as likely to have those avocations as members of Sigma
Xi and the general public (Root-Bernstein, 2008).
In the book Sparks of Genius: The 13 Thinking Tools of the World’s Most
Creative People (1999), Root-Bernstein describes a common set of 13 tools for creative
problem solving in any discipline. Underlying his theories are two basic assumptions or
understandings: first, creative thinking in all fields occurs preverbally, before logic or
linguistics comes into play, manifesting itself through emotions, intuitions, images, and
bodily feelings. Second, creative thinking is integrative and transdisciplinary. The first
nine in the set are primary tools—none are entirely independent, and they cannot be
separated from each other. They are: observing, imaging, abstracting, recognizing
patterns, forming patterns, analogizing, body thinking, empathizing, and dimensional
thinking. The last four thinking tools are higher-order tools that integrate and rely upon
the primary tools: modeling, playing, transforming, and synthesizing.
The third way that Root-Bernstein (2003a) argues ideas flow between the
professions is that the arts often provide scientists with the tools necessary to
communicate their results. The considered use of words, images, modeling techniques,
and other methods and media reifies ideas as theories and explanations. The aesthetic
portrayal of results in the sciences is just as important as in the arts and relies upon the
same tools.
Finally, the arts contribute to scientific innovation through fantasy. While fantasy
might seem to be the ingredient that differentiates between science and science fiction, it
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is an import element for generating possible worlds that scientists can test according to
the constraints of what is known about the real world (Root-Bernstein, 2003a). All realworld innovation is a process that involves first elaborating through fantasy/imagination
many potential solutions to any given problem, and then using the widest possible range
of mental and physical tools to evaluate which of these possibilities best meets the given
need. The arts provide the ability to imagine possible problems, possible tools, and
possible solutions through synthetic and sensual forms of thinking to which analytical
and logical forms of thinking can later be applied as part of the selection process (RootBernstein, 2003a).
Artist as Problem Explorer
Contemporary artists have made great contributions to the Exploratorium through
their expertise in perceiving, depicting, and recreating phenomena. The artists working
there have often shown scientists phenomena that they had failed to note before, or
modeled them tangibly in ways that have inspired new insights in scientists and
compelled further research (Hein, 1990). Oppenheimer himself learned science from and
was spurred into research action by the artists associated with the Exploratorium. One
example he frequently shared was Doug Hollis’s Vortex, a large, clear glass cylinder
filled with water that swirls in a funnel shape as the water drains from the bottom of the
tube and is pumped back into the top. Watching it, Oppenheimer noticed three
phenomena: the water tornado doesn’t go all the way to the bottom of the cylinder, the
water swirls around at different speeds in a way that can’t be entirely explained by
conservation of angular momentum, and complex ripples embellish the central funnel
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form in unexpected ways. He was inspired to try to calculate some of these effects. He
said:
You begin to think things out just by watching a thing like that, whereas I’ve
never thought of watching a bathtub or thinking about a tornado. So [there were]
all these things I’d never thought of until I saw that exhibit, and it was done by an
artist. (as cited in Cole, 2009, p. 201)
Ned Kahn was another problem explorer during his time at the Exploratorium. He
is an environmental artist and sculptor whose work replicates the usually invisible forces
of nature and makes them visible to audiences. In contrast, scientists work to extract the
invisible underlying rules (often expressed as equations) that govern the complicated
patterns of nature. Kahn’s Blue Whirlpool (1996)—one of at least two dozen pieces he
created for the Exploratorium—inspired discussion between astronomers about the birth
of double stars while it was still in its prototype test phase on the museum floor (Cole,
1996). Astronomers don’t know why double stars are so common (our single sun is
actually an oddity in the sky). The exhibit is made of a shallow, circular tub with a drain
in the middle. A ring of lights casts a purple glow on the water. At regular intervals, jets
of water squirt out from pipes on opposite sides of the tub. As the water revolves around
and then passes through the drain, intricate surface waves spiral in and out of the center
and the entire vortex begins to slowly oscillate. The oscillations grow with each
revolution until the vortex is so unstable that it splits into two. Some theories, like the one
discussed by the astronomers viewing Kahn’s work, posit that stars form in the same way
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from collapsing clouds of cosmic dust that are drawn into a central vortex by mutual
gravity (Cole, 1996).
The problems and questions exposed by Kahn’s work are at the forefront of
several fields of science that study subjects as diverse as the universe, earthquakes,
weather, human consciousness, and heart attacks. Contributions to science by Kahn and
other artists were considered by the National Science Foundation (NSF) to be so
important that it granted nearly $1 million for a traveling exhibition of 13 artists’ works,
with several by Kahn (Exploratorium, 1996). Turbulent Landscapes: The Natural Forces
That Shape Our World opened at the Exploratorium in 1996. The exhibition, filled with
artists’ explorations of complexity in nature, traveled to museums throughout the United
States for nearly four years (Cole, 1996).
While every artist has the potential to be a problem explorer in some area or
discipline, those that do so successfully in the Exploratorium are in a certain sector of the
arts. Kahn earned a Bachelor of Arts in Environmental Studies from the University of
Connecticut in 1982—nine years before being awarded his first sculpture fellowship from
the National Endowment for the Arts (Kahn, 2012). Since 1994 he has completed more
than 70 public art commissions internationally and received many awards and grants for
his artmaking, but in 1982 he was a college graduate with studies in bringing together
earth sciences, economics, and social sciences to solve environmental problems. Right
after graduation he began working at the Exploratorium as a shop assistant. Six months
later he was reassigned to work as the personal assistant to Oppenheimer, who was
undergoing cancer treatments and required daily help (Cole, 2009). The two men began
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spending several hours together every day, experimenting with Oppenheimer’s
preliminary exhibit ideas and talking about Kahn’s questions about the physical universe.
(Cole, 2009). Kahn cites this time in his life—months of intensive interaction with the
smartest person he had talked to up until that point—as a major influence that sparked his
interest in the edges of what’s knowable; phenomena that are “so complicated and
intricate that they’re physically unpredictable” (as cited in Cole, 2009, p. 201).
Oppenheimer died in 1985, and Kahn remained at the Exploratorium as an exhibit
designer.
Kahn is a unique case of an artist who was groomed by the Exploratorium and
mentored by its founder, but he is similar to the other artists in the Turbulent Landscapes
exhibition in being educated in a non-art discipline before becoming an artist. Bill Parker
studied physics at MIT and worked in a physics laboratory on campus. One night in
1971, while experimenting with gaseous fuels for electrical rocket engines, he
accidentally filled his test chamber with too much neon and argon. When he applied a
voltage, visible plasma formed, creating colorful streamers of light (Wolf, 2008). In 1974
he was able to put his discovery on public display as an artist-in-residence at the
Exploratorium, where he created two pieces for the exhibit section on electricity. Shawn
Lani has a Bachelor of Arts in English and Art History and a Master of Arts in Museum
Studies, with a specialty in educational design (Lani, n.d.). He learned a great deal from
colleagues at the Exploratorium while working as an exhibit developer before becoming a
Senior Artist on the staff, and later the curator of the Outdoor Gallery. Skip Sweeney
studied theater arts at Santa Clara University before becoming involved in the Bay Area
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video scene in the late 1960's, where he was a co-founder of an experimental media
collective called Electric Eye. In 1970 he co-founded Video Free America, a San
Francisco media arts center where he worked on abstract image-processing and synthesis
and video feedback (Exploratorium, n.d.). These artists filled gaps in their knowledge
with information and skills gained through personal study and collaborations with
colleagues.
Multiple Problem Explorers
Museum visitors can also be problem explorers. When artist Michael Brown
placed Meanderings—his exploration of trickling and flowing water, introduced in
Chapter 6—on the exhibit floor, he considered it to be finished. He had discussed it with
museum staff (including artists, scientists, and exhibit developers) and received feedback
from a few museum visitors, and there were no plans for additional input. In a 1996
Exploratorium publication, A Curious Alliance: The Role of Art in a Science Museum,
Brown described what happened next:
I'd worked with [Meanderings] for months and months. I thought I knew
everything it could do. But within a week, people on the floor were playing with it
in ways that never even occurred to me. That's the way things work here.... I made
it originally, so I can claim it as mine, but other people are continually reinventing
what it can do. (as cited in Richards, 2002, n.p.)
Brown was surprised that the exhibit became much more than a didactic object; it
is a kind of conversation between the artist and museum visitors as they learn from each
other (Richards, 2002). The diversity of museum visitors’ experiences and interests takes
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the process of discovery beyond Brown's original vision, and teachers who use the
exhibit in their work continue to provide feedback to the artist. This circular relationship
is a type of creative collaboration that informs the creation of new works and
modifications to existing ones.
While ongoing public contributions to Meanderings were unplanned, inviting the
public to participate in conversations and collaboration is a common strategy at the
Exploratorium. The Center for Art and Inquiry works with many different artist
collaborators in developing the work they’re producing. It’s “very R&D,” according to
the Center’s director, Marina McDougall (personal correspondence, July 29, 2013). The
artists bring to these collaborations both new theories and methods in education and
public opinion: “They have one foot in educational conversations and another foot on the
public floor, and they’re looking at making this a form of thinking using your hands”
(McDougall, personal correspondence, July 29, 2013). McDougall also shared insight
into how entire galleries are created and curated. She used the Observatory Gallery as an
example: curator Susan Schwartzenberg looks at different ways artists have explored
ecologies of place and similar questions. She also works with geologists, meteorologists,
oceanographers, and other subject matter experts. By pulling those conversations
together, all of these inquiries are advanced. Carrying on discourse with so many
different perspectives in a single location is not the norm for museums and other learning
spaces. According to McDougall:
I feel like our new observatories are the first to develop public tools for
understanding landscape, where that might have normally been a conversation
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that happened, say, in landscape architecture school, but not turned into
something that the general public can enter into. (personal correspondence, July
29, 2013)
McDougall emphasizes that the world comes to us whole, without disciplinary
boundaries, and people later impose those in order to set manageable parameters for
digging deeply into a subject. She shared another example of what one of these multiperspective conversations might look like:
If you’re looking at a redwood tree you might want to understand it the way
botanists think or you might want to understand it through the way an ecologist
might think in terms of a larger landscape, or poets have written about redwoods,
or figured in literature in really fascinating ways, or you might want to understand
its role in economy and the history of California… it goes on and on. These
subjects themselves can be approached from these rich lenses, and the arts are
fundamental. (personal correspondence, July 29, 2013)
Thinking Tools: Art as a Way of Knowing
According to McDougall, Exploratorium employees have started thinking of art
less as a noun—an object or artifact like a painting or sculpture—and even less like a
movement such as Realism or Modernism (personal correspondence, July 29, 2013).
Thinking about art as a verb—art as process—opens up possibilities and viewpoints. She
believes one of the problems with advocating for art in education has been people
advocating for art learning as a way of becoming an artist, because it then can limit the
way art is taught. It becomes the teaching of fundamentals and technical skills rather than
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art that’s integrated with other forms of learning to become an experience, an
investigation, or a deepening of understanding (personal correspondence, July 29, 2013).
Pete Richards uses a science analogy—one of Root-Bernstein’s thinking tools—to
explain why he believes art is important not only to the Exploratorium, but for every
science museum: ecosystems without diversity are weak and susceptible to disease;
organizations without diversity have narrow points of view that weaken them (Richards,
2002). Root-Bernstein’s 13 creative problem solving tools listed above are like multiple
points of view from which to approach a problem. While formal education prepares
scientists to tackle problems with a number of tools—in particular observing, pattern
recognition, and modeling—experiences in the arts are required to train problem-solvers
in the skills they are unlikely to learn elsewhere, such as forming patterns, analogizing,
body thinking, empathizing, playing, and transforming. Root-Bernstein studies
individuals who can exercise all 13 of the tools because they have abilities both as
scientists and as artists. At the Exploratorium, a similar result is achieved when two or
more individuals with different backgrounds and skillsets work together to ensure that as
many thinking tools as possible are applied to each problem that is addressed.
An example of this practice on a grand scale is the Art as a Way of Knowing
conference, organized by the Exploratorium’s Center for Art and Inquiry, which took
place over two days in March, 2011. Sponsored by a grant from the NSF, the purpose of
the conference was to gather a broad range of artists, scientists, and educators to explore
the history, practice, and value of the arts as a means of inquiring into the natural world.
The conference brought together 125 leading international thinkers—artists, scientists,
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museum curators, writers, educators, and other cross-pollinators from around the world—
to discuss the role of arts in public interdisciplinary learning environments
(Exploratorium, 2011). Art as a form of inquiry was explored through presentations,
discussions, performances, and roundtable conversations. Of particular interest was art
practice in relation to the field of science learning, including programs for children and
youth in community-based organizations, schools, museums, and other types of learning
environments (McDougall, Bevan & Semper, 2012). The conference was structured into
three main strands designed to facilitate dialogue:
1. The nature of learning through the arts.
2. Historical precedents: Understanding lesser known histories of art, education, and
science that converged to shape post–World War II science museums and the
institutional learning cultures that emerged from this legacy.
3. Profiles of compelling contemporary models for the arts in interdisciplinary
contexts, including in informal public learning environments.
Many ideas emerged at the conference to further art/science integration. From those
ideas, four key strands were identified for future work:
1. Practice: The public should be engaged in science as a cultural tool. How can
educational institutions, both formal and informal, restore the arts to a culturally
evolved position as a tool for the public to interpret and understand the
compelling questions of our time?
2. Documentation: There is a need for greater documentation of learning and
meaning-making in interdisciplinary contexts. Further longitudinal case studies
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are needed. Documenting the working processes of artists will help to build
additional descriptive language and understanding of art as a form of inquiry in its
many variations.
3. Research: Ethnographic and other kinds of studies are needed that create rich
cases of people of all ages learning through the arts, coming to know, care,
pursue, and demonstrate developing interest, awareness, and commitment to ideas
related to science and the natural world. Historical research is needed to trace the
evolution of art/science collaborations from the 1960s to our current time.
4. Policy: Interdisciplinary collaborations and syntheses of knowledge should be
fostered at a policy level, creating networks that link educators, artists, scientists,
and others committed to furthering the role of art as inquiry in interdisciplinary
learning environments. Collaborations between the NEA, the NSF, and other
agencies should bridge the worlds of art and science professionals.
As this work is carried out by conference participants and other researchers who
are directed or inspired by the conference proceedings, new scholarship will result. The
Center for Art and Inquiry continues to seek funding to support future conferences that
will bring together artists, scientists, educators, and other subject matter experts and
continue to generate new scholarship (McDougall, personal correspondence, July 29,
2013).
Aesthetic Portrayal of Scientific Results
Kahn’s artwork at the Exploratorium titled Turbulent Orb (1994), which was
included in the Turbulent Landscapes exhibition, serves two of Root-Bernstein’s
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purposes: it introduces new problems for scientists to explore, and it also makes visible
something that could not otherwise be represented by scientists. The artwork presents
fluid dynamics at a level of complexity far beyond what a scientist can readily handle in a
lab or equation. The piece seems simple—it is made of two glass globes, one inside the
other, with a viscous blue fluid in the space in between. It looks like an 18-inch-diameter
planet on a pedestal. Visitors grasp a metal ring on the pedestal and spin the sphere,
choosing the direction and speed of rotation. The planet's blue "atmosphere" swirls into
bands and eddies reminiscent of photos of Jupiter. According to UC Berkeley
geophysicist Raymond Jeanloz, Turbulent Orb is a model for a phenomenon at the center
of our own planet: geophysicists think similar currents form where the Earth's outer core
meets the mantel. Those fluid motions create Earth's sometimes erratic magnetic field,
and Kahn's work gives viewers a new way of thinking about them that goes far beyond
what is possible with formulas. Jeanloz feels that on some level, Kahn's work has had a
similar impact to the first-ever supercomputer simulations of the Earth's core, which were
completed by scientists in 1995:
I don't mean to say his exhibit has the same value as two years of work by our
colleagues, but it is remarkable how just seeing something with your own eyes
can have such an impact. To simulate [the flow patterns in Kahn's Turbulent Orb]
would be daunting, perhaps impossible, even with state-of-the-art computing....
Sometimes, after an encounter with Ned, I get the feeling that I got more out of
him than he got out of me. (as cited in Cole, 1996, n.p.).
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Another exhibit that uses an artist’s methods to communicate what scientists must
convey with words and data is Tactile Dome, one of the Exploratorium’s most popular
exhibits for more than 40 years. Oppenheimer wanted to develop exhibits that explored
the sense of touch from a scientific perspective. He engaged the museum in a
collaboration with a literature professor named August Coppola, who was interested in
environmental aesthetics and existential philosophy, and looked to art as a means of
awakening tactile sensitivity and breaking down barriers of loneliness and isolation
(Hein, 1990). Coppola devised a plan to create a full tactile environment where visitors
who could not see (through the use of blindfolds or some other temporary means) were
guided through a variety of haptic sensations: pressure and temperature changes, surfaces
of different textures, external vibrations, and internal kinesthetic adjustments. In the
summer of 1971, Coppola and a large crew of artists, craftspeople, technical designers,
and volunteers constructed a 30-foot-diameter geodesic dome inside the museum (Hein,
1990). The interior is a maze of passages and small chambers filled with different shapes,
textures, and temperatures. Every surface offers a different tactile experience, and the
chambers are filled with a variety of objects—one is a pit filled with chunks of foam that
the visitor drops into from a passageway high on one wall, while another is filled six
inches deep with small, smooth, cool objects that turn out, upon investigation, to be dry
pinto beans. Tactile Dome requires visitors to crawl, slither, tumble, and climb in total
darkness from one haptic experience to the next. Some find the darkness frightening and
the experience unsettling, but many return at once for a second run-through (Hein, 1990).
Visitors’ emotional responses are the most dramatic example of what differentiates this
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experience from a scientist’s presentation of the same concepts. The visitor to Tactile
Dome uses his or her body to feel the sensations associated with dozens of different
stimuli, and the removal of the ability to rely on the sense of sight (and all of the
distracting visual input that it would bring) heightens and emphasizes emotional
responses to those sensations.
I explored Tactile Dome with a similarly adventurous friend, with whom I had a
long discussion afterward about our responses to the experience. As we crawled through
the unknown in complete blackness, we both expressed our mild disquiet by narrating
each new object or sensation we came across. There was no inner monologue during the
experience—all of our feelings and questions were expressed aloud, as if we were
substituting sound for our absent sense of sight. The experience was certainly more fun
and fascinating than anxiety-producing, and as soon as we rolled out of the final chute
into the startling brightness of the dome’s small vestibule we laughed aloud. We agreed
that we felt exhilarated and delighted, and immediately returned to the entrance to do it
again. A family group who went through the dome just before we did felt differently—
four of the members vehemently declared that once was enough for them, and they
definitely didn’t want to do that again. Only two of the children in the group opted to go
through a second time.
Tactile Dome opened to the public on September 9, 1971, and was an immediate
success. In the first three years of its operation at least 35,000 people went through the
dome (Hein, 1990). Decades later, the Exploratorium still recommends advance
reservations for Dome tours because demand is high, and visitors can only go through
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singly or in small groups with known companions. The exhibit became a springboard for
exhibit developers, resulting in other, more analytical exhibits exploring phenomena like
tactile discrimination, balance, thermal sensitivity, and a comparison of human tactile
sensitivity and physiology with that of other organisms (Hein, 1990).
Beyond Art/Science Collaboration
While the purpose of this study is to explore art/science collaboration in an
informal learning environment, the examples in this chapter demonstrate that the
Exploratorium includes more than two participants or stakeholders in its conversations.
Collaborations involve artists and scientists, but also museum visitors, educators,
curators, journalists, independent scholars, and more. In further defining the complexity
of these relationships, it is increasingly apparent that “artist” and “scientist” are not
always accurate as descriptors for participating collaborators. An artist can be one who
produces a tangible object like a new exhibit for the museum floor, but also one who
contributes something intangible by defining new problems for scientists to address,
demonstrating new thinking tools for the shared skill set, or guiding others through an
experience like an investigation or inquiry. “Scientist,” likewise, seems to presuppose a
single discipline or single type of scientist. In practice, these collaborations bring together
many different types of scientists and researchers representing distinct disciplines.
Labeling them all as simply the “science” half of a collaboration does not acknowledge
the very different methods they employ and outcomes that result from the study of a
shared subject.
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Just as I have revised my definitions of “artist” and “scientist” in the course of my
study, I have refined and clarified what constitutes a collaboration between these two
parties. In the following chapter I revisit the original research questions that motivated
my study and describe what I have learned about art, cross-disciplinary environments,
and the nature of collaboration.
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CHAPTER 10 : CONCLUSIONS AND NEXT STEPS
Revisiting the Research Questions
I have now written nearly 300 pages of background, description, and analysis
motivated by my four research questions. In revisiting the questions, I’ll synthesize all of
this written material and evaluate if and how the findings from this study address them.
What is the nature of art/science collaborations in museums?
As my study is an in-depth examination of one museum rather than several,
instead of answering this in a general manner I can only describe the nature of these
collaborations in the Exploratorium. Examples of this collaboration are found throughout
the dissertation, but I believe the question is best addressed in Chapter 9. When I began
the study I held (unconsciously) a very broad definition of what counts as collaboration.
As I processed data I made lists of relevant examples from my notes and observations.
Through the process of analysis I came to see that most of the examples on the list are
better defined as arts integration, a cross-disciplinary approach, or arts-informed
science/science-informed arts than as collaboration. Art/science collaborations are not
products or end results—a public program, a lesson plan, or an exhibit—they are
processes. In the Exploratorium, this happens when an artist-in-residence works with
scientists and educators to create an exhibit or installation, or to plan a program. Most of
the exhibits I cite in Chapters 6-9 are the products of such collaborations. It is significant
that the museum puts staff workspaces on display, so that visitors can view collaborations
in progress and not just end results. It is possible for art/science collaboration to happen
when a chosen theme for an event—what Marina McDougall calls the “charismatic
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themes” that animate the fundamental curriculum of the Exploratorium (personal
correspondence, July 29, 2013)—is addressed simultaneously through the lenses of
several different disciplines, as in the example shared in Chapter 9 of the After Dark:
Wearable Technologies program. Experts in many disciplines bring their diverse
approaches together at the same time and in the same place, and visitors are surrounded
by multiple views of and experiences with a single subject, each of which raises some
new questions and answers others. Art/science collaboration takes place when diverse
people come together to discuss shared interests—as at the Art as a Way of Knowing
conference—and discourse, new scholarship, and new research questions result. Finally,
visitors are the primary participants in this type of collaboration when it takes the form of
a hands-on problem solving activity in the Tinkering Studio, where multiple possible
solutions are drawn from the combined tools and processes of two or more disciplines.
The common element in these examples—the thing that sets collaboration apart
from arts integration or a cross-disciplinary approach to a problem—is inquiry. This is
more than just a buzzword at the Exploratorium. Inquiry is investigation and the process
of seeking information. At the conclusion of my study I finally understand that I need to
be much more discriminating about what I label as art/science collaboration. The nature
of art/science collaboration in museums is inquiry that uses both art and science as tools
or approaches to carry out an investigation or to obtain new information. Because most
museums dedicated to both art and science have strong history and preservation
components, museums are probably not the best places to look for these collaborations.
Many intriguing examples are found in places across all scientific disciplines where R&D
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is a core activity: college and university campuses, tech corporations, nonprofit
organizations, community maker spaces, and even some government agencies. The large
number and variety illustrate the inherent crossovers between art and science identified
by Root-Bernstein. Consider the following examples of the many collaborations that
might serve as subjects for further research and as models for museums to follow:


In 2013 tech giant Microsoft hosted its first artist-in-residence through Studio 99,
a new effort at Microsoft Research. By providing a space for scientists and artists
to interact, the goal is to inspire new ways of thinking about existing and future
scientific challenges (Microsoft Research, 2015).



The Broad Institute of MIT and Harvard, a biomedical and genomic research
center, first started hosting artists-in-residence in 2003 in order to inspire both
science and art by sharing disparate viewpoints and approaches to solving
problems (Broad Institute, 2016).



In 2016 the SETI Institute, a nonprofit research organization whose mission is to
explore, understand and explain the origin, nature and prevalence of life in the
universe, is hosting six artists and an arts/science researcher through the SETI
AIR program. SETI is committed to being a leader in the movement to integrate
the arts and sciences because of the value it brings to the Institute’s efforts: “Our
artists bring fresh eyes to help navigate difficult concepts and act as a bridge to
broaden awareness of the science carried out at the SETI Institute” (SETI
Institute, 2016, n.p.).
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The National Science Foundation has an Antarctic Artists & Writers Program
providing opportunities for scholars in the humanities (painting, photography,
writing, history, and other liberal arts) to work in Antarctica and the Southern
Ocean. While living at U.S. Antarctic Program stations and research camps, these
artists produce pieces that that increase human understanding of the Antarctic
(National Science Foundation, 2016).

What motivates non-art museums to employ artists and artworks? Why do they
devote resources to these exhibitions? What are the expected outcomes?
At the beginning of my study I did not understand how unique an institution the
Exploratorium is because of its unusual origin. My research questions are better suited to
traditional museums that originate with firm roots in a single discipline and later
introduce interdisciplinary exhibitions and programs. Applying the questions to the
Exploratorium does not result in the kinds of answers I expected, and they’re less
interesting than some of the questions I could have asked. Much of my work throughout
this study has deviated from the research questions to pursue topics that are more relevant
to the unique circumstances of the Exploratorium and more likely to produce useful ideas
and insights, and these are the areas in which I’ll pursue further research (as explained
later in this chapter). Although they are not the questions best suited to my research site,
my study did provide some answers to the original questions.
What motivates non-art museums to employ artists and artworks? I have visited
science museums such as the Science Museum of Virginia—an institution that seeks to
be “a catalyst for inspiration, a place that sparks curiosity and generates ideas in science,
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technology, engineering, and mathematics” (Science Museum of Virginia, n.d.)—that
devote significant resources and dedicated gallery space to the arts because they inspire
curiosity and invoke wonder. They are hooks to engage visitors in science learning. The
mission of that museum is to “inspire Virginians to enrich their lives through science”
(Science Museum of Virginia, n.d.), and the arts are an effective means to that end. I
expected a similar situation at the Exploratorium, but soon learned the error of my
assumption. At the Exploratorium, the arts are a necessity because of the core belief—
originating with Oppenheimer—that only art, science, and human perception together can
lead to the fullest possible understanding of the world. Rather than employing the arts to
do a better (i.e. more complete, more engaging, more entertaining) job of explaining
science or making it palatable or fun, the purpose of the Exploratorium is for visitors to
better understand natural, scientific, and human phenomena in the world. Science
learning is not part of the mission of the museum; rather, science is listed as just one of
the tools—along with art and human perception—that are used for exploration of the
world and everyday phenomena. Studying the Exploratorium did not provide a definitive
answer about what motivates non-art museums to employ artists and artworks because it
is not really a non-art museum. It is as much a (non-traditional) art museum as it is a
(non-traditional) science museum or any other kind of museum.
Although I didn’t find a conclusive answer in the Exploratorium, my study did
uncover a number of ideas that are worth exploring as possible motivations for traditional
non-art museums incorporating artworks and artists in their exhibitions and programs. As
I described in Chapter 7, art provides means of presenting and communicating
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information that engage all of the senses and encourage emotional involvement. It
reframes familiar sights so that viewers look more closely in search of recognition, and it
presents intangible or dematerialized things in a tangible way. In Chapter 8 I explored
how the playfulness of art can motivate visitors, and how art-making creates
opportunities for visitors to play. For museums that actively participate and research the
acquisition of new knowledge, artists bring new perspectives and processes, as explained
in Chapter 9.
Why do non-art museums devote resources to the exhibition of art? Because I
approached the Exploratorium with the assumption that science learning was the
objective and the arts were employed as a means to that end, asking why the institution
devotes resources to artists and artworks seemed to have some value. As soon as I
realized that inquiry and understanding are the goals and that art is a tool for exploring
that is just as important as science, it no longer made sense to examine or question
resource allocation for the arts—I would do just as well to ask why resources are devoted
to science, and the answer to both questions would be the same. Artists’ work and the
exhibition of artworks are part of the core operations of the Exploratorium; they’re not
bonus activities that are added as the budget allows. Because the Exploratorium has never
existed without artists on the payroll and a significant amount of art on display, the
institution does not have data—or even anecdotal evidence—to demonstrate how the
current art- and artist-rich environment differs (one assumes for the better) from an artsfree alternative. I assume that such data and/or evidence are available at institutions like
the Science Museum of Virginia, hence my original posing of the question.
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What are the expected outcomes of artists and artworks in non-art museums?
Once again, this question should be applied to the study of a more traditional institution
than the Exploratorium. At that museum, the outcomes are the same as those expected
from the use of the other tools for understanding: science and human perception.
According to the mission statement, and supported by my own observations in the
museum, the Exploratorium’s expected outcomes are inquiry-based experiences; a
transformation of learning worldwide; lifelong learning; and a thoughtful, intellectually
confident, and inquisitive populace (Exploratorium, 2015, n.p.). The fact that there is just
one set of expected outcomes indicates that museum administrators and staff consider the
tools to be of equal importance and usefulness. Nowhere in the museum or in any of the
documentation I read did I find an indication that different outcomes are expected from
exhibits and experiences that rely more heavily on the tool of art than on the tool of
science. I found no evidence of a belief that the methods and products of art accomplish
one learning objective, while the methods and products of science accomplish another.
As I organized information and ideas through writing and rewriting this dissertation I
realized something about my own expectations: that I would at some point come across a
reference to the power of art to inspire, a common expectation of art (see the inclusion of
“inspiration” in the mission statement of the Science Museum of Virginia for just one
example). I was pleasantly surprised to find that that inspiration is not an anticipated
outcome at the Exploratorium, and neither is art expected to be beautiful, profound, or
possessed of the ability to transport anyone. Art is allowed to be mundane—and even
utilitarian—in this museum.
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How do art objects and activities contribute to the successes of science centers?
Once again, because the Exploratorium isn’t quite a science center due to the lack
of science as a stated central focus, I do not feel that my answer to this question is an
adequate substitute for asking the same question of traditional science centers. However,
as I mentioned earlier in this chapter, based on my observations in the Exploratorium I
can make some general assumptions about positive effects of art in science centers. On its
own, science has a great deal of technical and analytic appeal that is attractive to a
percentage of the population, but paired with art it has emotional and aesthetic appeal as
well that significantly broadens its attractiveness. Artworks, because they often have
aesthetic appeal, encourage close looking, listening, and touching. They introduce new
perspectives in a way that is usually pleasing; anything shocking or morbidly fascinating
is intentionally so. Art can make science more enticing by rendering it more tangible,
more engaging to the senses, and more relevant to the lived human experience than
science alone. The ability for art to engage emotions often inspires viewers to form an
opinion about a subject, and can involve visitors and the museum in national or global
discourse about timely topics.
While this question can only be well addressed on a case-by-case basis, with each
institution’s mission and objectives in mind, I can speak to how art objects and activities
contribute to the Exploratorium’s success. In addressing the first research question above
I discovered that art objects—the end results—are less valuable in supporting the mission
of the institution and achieving the desired outcomes than are the processes and
collaborations that produce them. The fact that so many of the Exploratorium’s exhibits
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are artworks—objects made by artists—is irrelevant. These artworks are not meant to be
only objects of admiration and contemplation by museum visitors. Rather, they function
like mirrors, deflecting the viewer’s attention to something else. They do encourage the
development of a habit of close looking and of noticing details that might otherwise be
overlooked. Visitors are meant to look closely at what they see in the Exploratorium just
long enough to have the focus deflected to themselves, or a view out of a window, or the
Bay outside the museum, or the behavior of one’s companions. And what visitors are
meant to spend the most time and effort looking at are natural and human phenomena.
Once an exhibit in the museum has caused the visitor to see themselves, other humans, or
their world more clearly, the object itself becomes irrelevant. This is the nature of sitespecific artworks, especially marked sites. They are successful only when they deflect
contemplation away from themselves to some aspect of their context, such as the
weather-related phenomenon of daily fog on the California coast, the physical topography
of the surrounding land, or the ideological concerns of nearby residents or visitors in the
museum. Many artworks in museums are presented in surroundings or with didactic
labels that emphasize their status as personal, social, or cultural documents—records of
specific times, places, and conditions in a life or in the world—which is quite different
from what one sees in the Exploratorium. While the artists selected to collaborate with
Exploratorium scientists tend to do work that is not personal in subject matter and is
focused on things like natural phenomena or on group dynamics, the way in which
artworks are presented—with no information about creators beyond names and without
categorization based on chronology, culture, or political boundaries or distinctions—also
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deemphasizes the status of the objects as artifacts and positions them to function as
mirrors.
In the previous chapters I cited numerous artworks and artist-designed activities
to illustrate their functions in the Exploratorium. In all of these cases artists and artworks
in the museum are reflectors and catalysts. Rather than being ends in themselves,
artworks are means to a number of different ends, and in all cases those means involve
processes. They are the tools with which museum visitors construct knowledge. They are
interruptive sites and marked sites that reframe some aspect of the world, the self, a
companion, or discourse to be within the visitor’s field of view. They are mirrors that
cause the visitor to look at him or herself, but in some altered or augmented way that is
deeper than surface appearance. They are enticements that inspire the formation of
curiosity in the visitor and motivate him or her to engage with an object, concept, or
human expert. They are catalysts to play that get the body moving, facilitate social
interactions, and lead to the generation of inventive ideas. Artists in the Exploratorium
uncover problems in need of solutions, contribute valuable thinking tools that are
essential for creativity and innovation, find new ways to use tools and materials, and
provide novel, human-friendly ways to communicate information about science and the
many other disciplines that shed light on the world.
What was different about the Exploratorium when it opened from other museums
at the time? What is still different about it from other museums today?
Now that my study is complete, I have concluded that the Exploratorium is what
happens when an educator creates a museum. Oppenheimer was also a subject matter
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expert in physics, but that was a secondary condition by 1969—his focus had shifted
from science to education nearly two decades before he created the museum when the
HUAC investigation made it necessary for him to resign from his research-heavy position
at a university (as described in Chapter 3). He created a museum not because he had a
collection of important, valuable, or rare things for people to look at, but because he
didn’t agree with the methods being used to teach the public and he wanted to do a better
job of it. This was the primary ideological difference between the Exploratorium and
other museums in 1969. As an educator, Oppenheimer was entirely visitor-focused, and
objects were only necessary in order to facilitate the kinds of experiences he desired for
people visiting his museum. This did not require special objects—in most cases,
inexpensive household objects, things found at a rummage sale, or hardware store
purchases would do (with a bit of tinkering by exhibit developers). As it was always a
visitor-centered institution, the Exploratorium never experienced the shift undertaken by
most museums from a modernist, object-centered model to a postmodern one—it was in
the latter position from the beginning.
The fact that the Exploratorium was a constructivist learning museum before the
benefits of such institutions were known to most people in the museum world is also
significant, as it very quickly became a model for others to follow. In this dissertation I
dedicate an entire chapter to constructivist learning because it was a notable condition
when the museum opened in 1969, and was a major reason that the institution was so
influential in the field even as its facilities and exhibits were still under development.
Constructivism is no longer a novel and distinguishing approach, and what I do not
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address in any prior chapters is the concept of the participatory museum, introduced in
2010 by Nina Simon. One of the revolutionary recent approaches to museum learning,
creating a participatory environment is also something the Exploratorium was doing—
and doing well—before the publication of books and articles about why visitor
participation is important and what it might look like in practice in a museum. For more
than two decades, audiences for museums, galleries, and performing arts institutions have
decreased, and the audiences that remain are older and whiter than the overall population
in the United States. A participatory institution attempts to halt and reverse this trend by
reconnecting with the public and demonstrating its relevance in contemporary life by
inviting people to actively engage as cultural participants, not passive consumers (Simon,
2010). These audience-centered institutions allow visitors to construct their own meaning
from cultural experiences, and users’ voices inform and invigorate both project design
and public-facing programs. In participatory projects, an institution serves as a platform
to connect different users who act as content creators, distributors, consumers, critics, and
collaborators (Simon, 2010).
Simon calls the Exploratorium “one of my favorite museums” (2008, n.p.) and
“an extraordinarily participatory museum” (2015, n.p.). In her Museum 2.0 blog she
makes dozens of references to Exploratorium exhibits and programs, and all that I’ve
read there commends and recommends the Exploratorium’s practices. In my dissertation I
mention, in illustrating other concepts, several exhibits and activities that are also
participatory in nature. All of the content of Earliest Memories (Chapter 6) is contributed
by visitors in the form of handwritten messages and sketches posted and shared on the
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museum floor, or typed and submitted to an online repository. The Animation Station
(Chapter 5) guides the visitor through the creation of a stop-motion animation, using
provided props and whatever small objects s/he has in a pocket or purse, that can be
uploaded to a dedicated YouTube channel and viewed by other visitors in the museum
and online. In the Tinkering Studio (Chapter 8), visitors work collaboratively to discover
and test solutions to problems, and to create objects that are displayed in the space.
Among my collected data I have photos of dozens of other exhibits that allow visitors not
only to interact, but to leave some lasting content for others to engage with or to
participate in steering the direction of exhibit content. Just as the young Exploratorium
was an early model of a constructivist learning environment, the mature museum has
served as a model of participatory practices since before Simon began promoting them.
The practical differences between the Exploratorium and other museums that
could have set it apart from other institutions—the single, idealistic founder with no
institutional affiliation, the lack of financial capital, the absence of exhibits with which to
fill the enormous space—are largely details that make for a good origin story, as any
disadvantages they created were overcome by the support that flowed in thanks to
Oppenheimer’s name, reputation, and family and professional connections. Oppenheimer
had a great support network and good instincts for museum learning. It also seems to me
that he had a tremendous amount of good luck. The museum could easily have failed if
any of the pieces—such as the $1 per year lease on the Palace of Fine Arts, the timely
availability of the Cybernetic Serendipity exhibition, and the innovative group of people
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who were willing to volunteer their time or work for tiny salaries as they turned
Oppenheimer’s vision into a reality—hadn’t fallen into place as they did.
When the Exploratorium opened, the closest thing it had to a mission statement
was the message on the hand-lettered sign hanging above the exhibit workshop: “Here is
being created the Exploratorium, a community museum dedicated to awareness23” (Cole,
2009, p. 157). It was no more common then than it is now for a museum to have no
specific discipline or body of knowledge as its organizing theme. The United States was
filled with museums dedicated to art, history, science, natural history, technology, music,
specific professions, places, food, clothing, corporations, and hundreds of other concrete
subjects, but no other museum was dedicated to anything as vague and intangible as
awareness. This remains the most distinctive characteristic of the Exploratorium today.
While it appears, initially, to be a hands-on science center, science is just one of its
methods rather than its purpose or end result. Because I approached this study as an
exploration of an informal learning environment, it was tempting to dismiss some of the
exhibits and experiences within as “just fun” and not give them serious consideration. In
compiling Chapter 8 I easily assembled a list of dozens of opportunities for play in the
museum, but I wasn’t sure they were all successful learning opportunities. About the
exhibit Recollections, described in Chapter 8, I wrote in my journal:

23

Although this pair of questions does not address how the Exploratorium has changed since it opened, I
will add one related point that is not addressed in Chapters 3 and 5. The statement “community museum
dedicated to awareness” was so vague as to not only state no organizing theme or discipline, but also to
indicate little in the way of objectives or intended outcomes. Guiding museum visitors through various
forms of inquiry seems always to have been Oppenheimer’s intention, as described in Chapter 3, but this
intention was initially implied and informal. Although awareness is still part of the museum’s mission,
what that means and how it is to be achieved are now outlined very clearly in the language used to present
the Exploratorium to funders, educators, and the general public.
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Does it succeed or fail as a learning experience? It failed for me, but there’s no
way to know how others experienced it without doing surveys. How many of
these experiences are just play, just activity, with no more substance to them?
How many “just fun” exhibits can a museum get away with?
This is an example of the narrow-mindedness with which I began my study, as it reveals
my assumption that discipline-based or outcome-focused learning must be the intended
purpose. I’m not unique in approaching museum learning with a traditional model of
learning in mind. According to Falk and Dierking:
The greatest impediment to understanding the learning that occurs in museums
has been that social scientists, educators, museum professionals, and the public at
large have historically thought of museum learning as being similar to traditional
models of learning, such as the transmission-absorption model. This line of
thinking suggests that museum visitors should learn the same types of things and
in the same manner as do students at school. (2000, p. 9)
Falk and Dierking propose that it is more constructive to think of learning in museums as
a whole-body, whole-experience, whole-brain activity. Additionally, they propose that it
is inadequate to look at the museum learning experience as a snapshot in time;
understanding learning requires a longer view that pans back in time to encompass the
prior experiences and knowledge the visitor brings into their museum visit and pans
forward to include events that transpire after the visit and cause the visitor to recall and
reflect on his or her time in the museum (Falk & Dierking, 2000).

292

With this broader perspective I see that my own experience with Recollections
demonstrates its success in increasing my understanding of the world in a way entirely
unlike a classroom experience in both form and content. Regardless of any specific
knowledge visitors might claim to obtain from the exhibit, anyone who engages with it
(even by watching others from the sidelines) has an experience—possibly a new one—of
something that exists in the world. While some visitors to the exhibit undoubtedly gain
increased understanding of some external concept or phenomenon, for me it was an
experience of self-discovery. In Chapter 8 I described myself as a shy and reserved
person who does not dance in public or do anything that might attract attention from
strangers, yet among my data are a dozen photos, taken by one of the friends who
accompanied me to the museum that day, of me dancing wildly in the Recollections
space. The exhibit showed me another side of myself that does silly dances, gyrations,
and poses in front of strangers. A year and a half later, while listening to live music in a
bar in New Orleans, I had to get up and dance with my companions when I was urged to
do so because I could no longer claim to be that person who doesn’t dance in public—I
had already proven myself wrong. For me this whole-body, whole-experience activity
included my characteristic behavior in the years leading up to my museum visit, about 10
minutes of engagement with the Recollections exhibit while in the museum, and at least
18 months following my time in the museum.
Methodology and Limitations Revisited
With the benefit of hindsight I can identify additional limitations that I did not
describe in Chapter 1, mostly related to the very personal nature of my study. In Chapter
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1 I identified my methodology as case study, and this is true but unspecific. There are
many types of case studies. Although it was not explicitly my intention in the planning
stages of my study, the type of case study I carried out is an autoethnography—a research
method involving self-observation and reflexive investigation in the context of
ethnographic field work and writing (Maréchal, 2010). Carolyn Ellis, a major proponent
of autoethnography and one of the first to define the method, describes it as “research,
writing, story, and method that connect the autobiographical and personal to the cultural,
social, and political” (2004, p. xix). Applying the label of autoethnography to my method
is important for two reasons. First, it acknowledges the importance of the writing part of
the process to the final outcome. This dissertation is not merely documentation of the
steps in and results of my study; it is the primary tool I used to think through my findings,
explore and organize ideas, and synthesize observations, theories, and insights. I wrote
the chapters in order from one to ten, and that is also the order in which I fleshed out the
ideas they contain. My understanding of my subject is significantly different as I write
Chapter 10 than it was as I composed the first few chapters. I left each chapter in nearly
complete form before starting the next.
Labeling this study as an autoethnography also confirms the value of my presence
and my voice within it. As I explained in Chapter 1, I intentionally made my first visit to
the Exploratorium with as little knowledge about the institution as possible. I tried to
experience the museum as any visitor would, without a research agenda and with no data
collection instruments beyond the camera in my phone (used primarily to photograph
myself, my companion, and oddities and frivolities). On subsequent visits, even with
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research journal in hand and a plan for each day, I continued to personally experience the
exhibits and facilities. If I observed other visitors interacting with an exhibit, I made sure
to also try it out myself to gather firsthand knowledge. While at my study site I
positioned myself, as much as possible, as a typical museum visitor rather than a
researcher in order to capture and describe the experience of the museum. This type of
research is a subgenre of ethnography called analytic autoethnography, in which a
researcher is personally engaged in a social group, setting, or culture as a member and
active participant but retains a distinct identity as a self-aware scholar and social actor
within the ethnographic text (Maréchal, 2010). Researchers' own feelings and experiences
are included in the ethnographic narrative and are regarded as important data for
understanding the social world observed, resulting in both self- and social knowledge.
Throughout this dissertation I have used my own actions, reactions, and feelings as
evidence to support my analysis and strengthen understanding. The self-knowledge I
have gained will inform my future practice.
This dissertation is, in part, about my process as a researcher, and that is both a
limitation and a strength. It is a strength because no one can better tell my story as a
museum visitor than I can. My account is more accurate and complete than stories of and
by other visitors could be. Writing a dissertation about my process also allows me to reap
the greatest possible benefit for my future practice because I have kept myself in the
center of my research and thinking throughout.
At the same time, my approach imposes limits. Of the hundreds of exhibits
available, I chose relatively few to describe in detail in the previous chapters as support
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for my claims. The process of selection was not systematic or methodical. I chose
exhibits that were exciting to me, that intrigued me and made me want to learn more, or
that served my (often unconscious) agenda. Based only on the examples included here,
one might think that the Exploratorium works only with very particular types of artist—
new media artists and those with a background or formal training in the natural sciences.
My dissertation does not represent the many artists’ creations that I did not choose to
spotlight for reasons I did not define until after the selections had been made and I was
questioned about my choices. Because I did not begin with set criteria for selecting
artworks and instead made choices as a casual museum visitor would—latching onto
those that intrigued me or held my attention—my choices are disproportionately skewed
toward personal preference and novelty. My choice to analyze Hole Saw Rhythms in
Chapter 6, for example, was likely influenced at least in part by the fact that I’m a
musician and I enjoy playing a variety of musical instruments. My curiosity led me to
compare the tones produced by this new “instrument” with others I had played. All of the
activities in and around the Tinkering Studio were of more interest to me than most of the
rest of the museum, probably because I grew up in a family of tinkerers and makers, and
have seen all of the Tinkering Studio’s tools and materials put into service in projects
around the house (or have used them in my own projects).
Part of my fascination with Fog Bridge #72494 (described in Chapter 7) might be
explained by my long-time residence in Southern Arizona, where fog is extremely rare
and therefore novel. Hindsight also tells me that the lack of novelty in form or medium of
some of the more traditional artworks in the Exploratorium probably caused me to
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overlook them when it came time for analysis—I have seen and understood framed
photographs, drawings, and static sculptures in many art museums, and didn’t pause to
contemplate them in this context. There is no mention in this dissertation of the
beautifully executed botanical drawings, stunning photographs of landscape features, Op
Art paintings and prints, and many other two-dimensional artworks that are found
throughout the museum. Artist-in-residence Richard Posner worked in public view on the
Exploratorium floor for months in 1978 to create the four panels of an 84-square-foot
stained glass work titled Dream Chart of Four Gone Conclusions. The intricatelydetailed piece, on permanent display in the Exploratorium since its completion (I took
photographs of all four panels during my first visit), draws from influences as diverse as
Surrealism and Edo-period Japanese art (Gutierrez, 2011). This project and the resulting
artwork are ideal subjects for description and analysis by an art educator, but did not
make the cut for inclusion in the dissertation.
While the Exploratorium seems to value science and art equally, the two
disciplines do not really have equal weight there because of the way it is perceived by
outsiders. This conclusion is an unanticipated outcome of my study, and a realization that
most people will not reach. While I have written about the Exploratorium as part of an
insider group—visitors to the museum—I am also well-informed about art and museums.
In addition, my objectivity was increasingly affected as I progressed from chapter to
chapter. Through hundreds of pages of writing and revising I came to see some aspects of
the Exploratorium more clearly than I saw them upon first sight or first read. Few people
will spend enough time thinking and reading about the institution, as I did, to realize that
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language produced by the institution either makes no mention of either science or art (e.g.
the mission statement), or science and art are listed (in that order, granted) as tools used
in service of understanding and inquiry. My study does not fully acknowledge that art is
subordinate to science at the Exploratorium because people perceive it to be the case,
regardless of the institution’s self-positioning. Journalists, reviewers, travel guides, and
other sources label it a science museum and a hands-on science center, setting the
expectation for visitors. I had the same expectation before my first and second visits.
Because I came to see things differently, I have drawn different conclusions about the
place and experience it differently than will most of the visitors among whom I position
myself.
My study of the Exploratorium with an eye toward best practices that can inform
my own practice produced a biased account of the museum. I looked primarily for
positive aspects from which I could learn what to do as a museum educator, and paid
little or no attention to the less-than-praiseworthy aspects of the museum. The positive
aspects are easy to find, as the museum promotes them and others recognize and praise
them. As a result, at times my dissertation reads like a promotional piece for the museum.
Rather than presenting “Do’s and Don’t’s” for best practice, I have focused on the
“Do’s.” It is invigorating to imagine implementing some of the Exploratorium’s practices
in a future hypothetical job situation, and difficult to contemplate avoiding pitfalls when
one can’t possibly predict what the unique circumstances and limitations of that job
situation might be. I’m impressed by the institutional philosophy of the Exploratorium
and am tremendously fond of the museum experience it provides, and that comes through
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clearly in this dissertation. Learning from the Exploratorium’s failures and frustrations
will require digging in more deeply and interviewing current and former members of staff
to find the kind of information and anecdotes that do not make it into annual reports and
blog posts.
Implications
Before undertaking my study I was employed by one museum, interned in three
others, and volunteered as a docent and floor guide in yet another. I worked for one year
in the education department of a state Historical Society museum where I scheduled
tours, mailed out newsletters, handled some logistical details for the weekly lecture
series, and cleaned and inspected the only hands-on exhibit on the floor (new at the time
and a proud accomplishment). My next experience was as an intern in the education
department of the art museum at the university where I had just enrolled in graduate
school. It is a small museum, and it seemed to me that most of our visitors were school
fieldtrip groups and retired people in town to take advantage of mild winter temperatures.
I created gallery guides, led some school tours, and provided another set of hands during
public programs. Another art museum internship took me to the largest art museum in the
state—still just a medium-sized museum—where I prepared an inventory for the
company to which we would soon outsource the writing and recording of a new audio
guide, and then wrote labels for a couple of galleries. These contributions from the
education department would supplement the existing labels written by curators, posing
questions for visitors to consider and presenting information in a less academic style than
the curators’ labels.
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Hungry for an experience in a big museum with a large and diverse audience and
an education department with more than two or three employees, I spent three months in
a full-time paid internship on a project in the education department of the Smithsonian
National Air and Space Museum in Washington, D.C. Working with a dozen other
educators in the second-most-visited museum in the United States (it attracted 6.9 million
visitors in 2015) was an invigorating experience. The museum draws visitors from all
over the country and around the world, and people of all ages filled the galleries. In
addition to the energy on the museum floor, I enjoyed performing research and creating
sketches for a proposed computer interactive, and searching the archives for small
artifacts to supplement the big anchor pieces in a gallery that was undergoing renovation.
For that effort I was part of a team of curators, educators, conservationists, and exhibit
developers.
My most recent insider experience in a museum was in the Musical Instrument
Museum in Phoenix, Arizona. The museum is privately funded, and although it had been
open for just two years it already held an impressively broad collection. The newlyconstructed building was bright, spacious, and well-suited to the contents and the
surrounding area. Because of the newness of the museum, nearly everyone who came
through the doors was there for a first, excited visit. The audience was demographically
diverse, and the museum soon became the city’s number one tourist attraction. As a
volunteer, I staffed the museum floor to assist visitors and helped out at public programs.
In this institution docents and volunteers were coordinated through Visitor Services
rather than the education department, which was very small despite the large size of the
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museum (still so new that it was struggling for financial solvency that would enable
additional staff to be hired).
Implications for Personal Practice
I undertook this study in part to inform my own future practice as a museum
educator. In the Exploratorium I found both big ideas—play and inquiry—and specific
practices that I plan to employ in my own work.
Play. The most compelling theme I found in the Exploratorium is play. Its
prevalence inspired me to expand my philosophy for teaching adults in both formal and
informal settings. As I studied literature in preparation for writing Chapter 8 I realized
just how play-starved I have been for many years. Most of the adults I know are in a
similar state. Many museums host playful programs for children, but the Exploratorium is
filled with playful experiences for visitors of all ages, some of them targeted to older
teenagers and adults. As I look through photos from my three site visits, nearly every
picture where I’m the subject depicts me engaged in a play behavior. The number of adult
visitors at After Dark events—about 60,000 in 2014—is evidence that I am not unusual
in seeking out play opportunities in a museum (Exploratorium, 2014). Guided tours are
not offered at the Exploratorium. Instead, visitors are allowed to wander freely and play
at will. The variety of play experiences available there inspires me to believe that play is
possible in every museum setting, regardless of discipline. My personal experiences
demonstrate to me that seemingly “just fun” experiences for adults have a greater value
for this audience that must be reminded how to play and reassured that it is okay to do so
unselfconsciously, even in public.
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Chapter 8 includes descriptions of several exhibits and activities that provide
opportunities for body play and movement, social play, creative play, and object play.
Any of these experiences could work (or be adapted to work) in an art or culture
museum. In addition to the four patterns of play described in Chapter 8, the literature
includes two others: imaginative and pretend play, and storytelling-narrative play
(Brown, 2009). Although these are not primary play patterns in the Exploratorium, I
found examples there of both of these types of play. More important for my future
practice, art museums can be great venues for the imaginative flights of fancy of pretend
play and for storytelling-narrative play. Institutions that are not presently equipped to
accommodate body play and movement or object play can nevertheless provide playful
experiences, and the breadth of examples I studied in the Exploratorium provided ideas to
germinate in art museums as I create playful experiences there to engage adults.
Inquiry. The Exploratorium’s inquiry-based approach to learning was initially a
bit uncomfortable for me. As a frequent museum visitor, I have been trained to look for
and read labels and didactic wall panels. I am accustomed to being told what I am
looking at or listening to and why it is important; reading or hearing the authoritative
voice representing the museum is comfortable for me. It took me years to realize that I do
not enjoy audio guides in art museums, and to walk confidently past the audio guide desk
without pausing to consider picking one up. In the Exploratorium there are no guided
tours, no audio guides, and, in many cases, there is extremely limited text on labels.
During my first visit I vainly searched for directions and explanations attached to exhibits
that possessed no more than a title and a creator’s name. Once I became familiar with the
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museum’s sparse use of text, and learned that I had to investigate many of the exhibits on
my own, I came to appreciate the value in not telling visitors what to look at, how to
manipulate an object, and how any of it is relevant to their lives. Inquiry can be a
sophisticated process and the Exploratorium employs it in many ways, but a very simple
example is the presentation of many of the exhibits with very limited labels.
Without a label to tell the visitor that the exhibit in front of them is an artwork or
a scientific experiment or something else entirely, that viewer is free to experience the
object in the way that is most personally relevant and meaningful. The less text that
accompanies an exhibit, the lower the chances of a visitor attaching preconceived ideas to
it. Once I stopped expecting and looking for labels, I enjoyed the freedom to jump right
into an experience without feeling that I ought to read about it first to prepare myself to
fully benefit from it. Sometimes, I came to realize, the additional context provided by
didactic text would truly enhance my experience, and in those cases I found the
information I desired with a quick Google search on my phone while in the museum, or
later that evening when I had access to a computer. As most visitors are equipped to find
additional information quickly and easily, I am disinclined as an educator to provide that
contextual information in the museum where it can interrupt the active experience or
constrain the personal inquiry process. Art museums are often filled with labels and text
panels, so this practice of presenting an object for investigation without providing context
in an authoritative voice could be especially beneficial in these settings for new visitors
(seasoned art museum-goers, trained to read them as I am, might be frustrated by the lack
of expected labels).
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Rather than the authoritative explanation of an artwork, I’d like to see the
questions other visitors pose about the work. A participatory tactic for presenting an
exhibit such as an artwork might involve the collection of visitors’ questions about the
work and the presentation of those questions, as a group or individually. The presentation
could take the form of a label or labels, but I prefer a more playful approach inspired by
things I saw in the Exploratorium. A visitor might draw colored blocks out of a raffle
drum or tumbler (Figure 10.1) and read the question written on each one, choosing how
many or few questions to engage with, passing the interesting ones along to others to
consider, and throwing back the ones that don’t pique interest. Another presentation
option might incorporate selfies (as discussed in Chapter 7). Visitors could write
questions on a dry-erase board, snap photos of themselves holding their questions, then
add the pictures to a digital photo album displayed on a screen or kiosk. An audio-only
version of this approach could capture visitors’ questions spoken in their own voices, to
be played back with the push of a button. An additional level of sophistication in the
presentation might sort all questions by age of contributor—a feature of an Exploratorium
artist-in-residence project called WisdomArc that allows users to touch a screen to choose
from ages presented in five-year increments. Visitors might like to compare their
questions about an artwork with those submitted by their age peers, young children, and
elders. Alternatively, contributed questions could be organized manually by visitors—
perhaps on a magnetic board—into a mind map or other visual representation of how an
individual question fits within the larger context of all questions. All of these suggestions
are possible approaches to a single activity—presenting visitors’ questions about an
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artwork—but they illustrate how any desired activity might be designed by drawing upon
playful, participatory, and inquiry-based ideas from the Exploratorium.

Figure 10.1. The Exploratorium exhibit Reaching for Meaning incorporates object play
with a raffle drum filled with colored blocks that museum visitors can pull out and use or
throw back.
Implications for Museums
Education and Institutional Structure. Unlike most museums, the
Exploratorium doesn’t have an education department. There is also no curatorial
department. Instead, there is a Department of Exhibits & Media Studio that develops new
exhibits and includes the Web, Editorial, and Design departments; and a Department of
Museum Experience with divisions that include Public Space, Tactile Dome, Biology
Lab, Field Trip Program, High School Explainer Program, Public Programs, Cinema
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Arts, and Moving Images (Exploratorium, n.d.). Curators are identified for the various
galleries in the museum, but “curator” is a secondary designation—most bear a primary
title such as Staff Artist. This non-traditional structure mixes employees with different
education backgrounds rather than segregating them based on credentials or disciplinary
focus. Artists, scientists, and educators work together in the many divisions and teams
within the museum. The multiple tools for creative problem solving identified by RootBernstein are brought to each team by various members.
In my interview with her, Marina McDougall explained to me how this happens in
the Exploratorium: artists, scientists, educators, and other staff members who don’t fit
neatly into one of those categories (credentials held by current staff in the Tinkering
Studio, for example, include a BFA in sculpture, a BA in literature, two MAs in
education, and a PhD in behavioral neuroscience) are not divided by discipline, and their
job titles seldom reflect their formal education experience. People join the staff in various
ways—including direct hires, artists-in-residence who stay on in some permanent
capacity once their residencies have ended, and high school and college Explainers who
work their way up to a full-time position after graduation—and the culture of the
institution helps erase professional lines. Employees note one another’s areas of
expertise, but the distinctions are unimportant as the team works toward their larger,
shared interests. When the shared goal is a big idea like public inquiry, professional
boundaries get blurred (McDougall, personal correspondence, July 29, 2013). The lack of
emphasis on credentials does not mean there is a lack of qualifications in any area,
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however—the staff includes many with science PhDs, many with PhDs in education, and
many MFAs.
As the Exploratorium demonstrates, this integrated structure, with educators
distributed among working groups and project teams, can be very productive. Even in my
museum involvement I have experienced the second-class status assigned to educators
and have sensed the tension between educators and curators. Educator-curated
exhibitions and team efforts at exhibit development—as I experienced at the National Air
and Space Museum—are increasing in prevalence as educators fight for a stronger voice
in their institutions. The Exploratorium’s model, in which staff members are categorized
based on shared goals rather than past experience or training, is an option that equalizes
team members and erases much of the hierarchy that breeds tension.
Sophisticated Ideas, Unsophisticated Execution. I love slick, glossy displays in
museums. They look reputable and important; I feel I can trust the information they
present to me. They also please my senses with their bright colors, polished surfaces,
high-quality materials, and expert craftsmanship. I am entertained by them. After my
time in the Exploratorium I realize, however, that I have not learned more from shiny,
professional-looking exhibits in other institutions than I did from the ragtag bunch of
objects I encountered on the museum floor during my study. In fact, as I think back over
the most impressive exhibits I’ve seen in dozens of museums, what comes to mind first
are spectacles and individual, clever details of design and execution. I remember
encountering the museum equivalent of a sound and lights show, but I can’t tell you
much about the content of that exhibit or where I saw it. I admired the ingenious little
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doors and drawers and flaps I opened to reveal various pieces of content in a striking
installation at the National Archives, but if pressed to identify the subject of the
exhibition my unconfident answer would be “maybe copyright laws?” Although I am
attracted to elaborate and finely-crafted displays like a squirrel to shiny objects, their
presentation often overshadows their content.
As in most museums, many Exploratorium exhibits present big ideas. Unlike most
museums, that big idea might be conveyed by a contraption built in a 50-gallon
Rubbermaid trash bin purchased at a local hardware store, like Water Cannon, an
interactive experience that allows visitors to turn a knob and explore fluid dynamics.
Such an exhibit lacks some of the “wow” factor of slick display, but there is no danger of
the presentation being more impressive than the phenomenon it is meant to demonstrate.
Because I was more engaged in the content of the low-tech exhibits at the Exploratorium,
I spent as much time with each one—if not more—as I generally spend with elaborate
displays in other museums. Further study of user interactions with these two types of
exhibits could quantify the amount of time spent with each type and test retention of
subject matter.
The handmade quality of Exploratorium exhibits, preferred by Oppenheimer, was
intended to create a non-intimidating atmosphere and increase visitors’ comfort in the
space. The unsophisticated execution of exhibits makes everything in the museum seem
fathomable and doable by average people. Visitors are likely unaware of the
sophistication and complexity of some of the concepts with which they are presented as
they peer into a trash can or an unfinished plywood box. The less complex a concept is
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perceived to be, the less anxiety and resistance the visitor may experience when
confronted with it. Art museums could benefit from this approach and consciously
present certain works in ways that deemphasize the aura of the object. Art is alienating
when a viewer expects it to be profound and feels foolish because they don’t “get” the
deep message. When presented as part of everyday life rather than something profound
and precious, art too seems less complex and more fathomable, although its depth can
become apparent upon further contemplation by a relaxed and comfortable visitor.
On a practical level, low-tech exhibits provide a high return on investment. The
Exploratorium contains a large number of exhibits, and new ones are constantly in
development. While some are expensive and time-consuming to produce, the frequent
use of inexpensive, readily available materials and fabrication processes that can be
performed on-site without specialized tools allows for a larger investment in concepts and
content. Rather than planning an exhibit, outsourcing its fabrication, and then placing the
finished piece on the museum floor once it is delivered, Exploratorium exhibits are
created through an iterative process. Prototypes are created and tested on the museum
floor, with modifications made based on visitor feedback. Exhibits are constantly
modified and improved, then returned to the floor. Slicker exhibits cost more to produce
and are more difficult to modify with changing needs, while a handmade version of the
same display might be just as effective in meeting desired objectives.
Recommendations for Further Study
My study just scratched the surface. In spite of many months of work, I feel that
my major accomplishment was to become familiar enough with the Exploratorium to
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discover which questions I should have asked. Although I completed everything outlined
in the proposal, and collected and analyzed all of the planned data, the study feels half
finished. My current conclusions seem like the foundation for a further set of studies that
would be required to produce practical information for other art educators and museum
practitioners. Throughout this study I have functioned as a problem explorer to unearth
many questions that can be addressed. In the previous chapters I shared my hypotheses
about many of the exhibits, based on my personal experiences and informal observations
of other museum visitors, and they are ready to be tested and verified or refuted. Most of
the new questions could be addressed by studying and surveying visitors. I was only able
to reliably describe the physical facts of each exhibit and my personal experiences with
and responses to it. I also described other museum visitors’ observed interactions with
exhibits, but could only have speculated about how those people felt and what they
thought, and I attempted to avoid such conjecture.
In the wealth of new questions uncovered there are three themes that are of
particular interest to me. First, as I indicated in my description of Water Drop
Photography in Chapter 7, I wonder which details the average museum visitor (compared
with me, a professional “noticer”) observes in the many visual images throughout a
museum. Visual literacy is a commonly stated objective in formal art education, and the
emphasis on human perception at the Exploratorium implies that it is also important in
that informal learning environment. The museum is filled with images, both static and
dynamically generated by visitor interactions with exhibits. I am interested in what art
educators can learn from an institution that is both filled with images and committed to
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removing disciplinary distinctions. Through a study involving teachers who have
participated in the Exploratorium’s Teacher Institute, a summer professional development
program for K-12 educators, I might discover what art educators gained from their
involvement with the Exploratorium and how it has impacted their teaching practice.
Further study could involve a survey of art teachers who have taken students on field
trips to the museum, and a comparison with what science educators and science learners
get out of their experiences with Teacher Institute and museum field trips. This study
could be broadened to other science museums that provide professional development for
educators. I addition to identifying and surveying art educators who participated in such
workshops in the past, recruiting a cohort of teacher participants who are interested in
future participation would enable data collection before, during, and after such
workshops, allowing for a fuller picture of teachers’ expectations of the workshops and
their actual gains in understanding and transformative ideas. The results of this study
could, in turn, inform my practice as I plan workshop experiences for teachers in both art
and non-art museums.
Second, I have identified play as one of the big ideas gained from my study that
will influence my personal practice. I’m interested in exploring and testing the various
patterns of play in art museums. In the Implications for Personal Practice section above, I
shared several ideas for presenting visitors’ questions about artworks in playful and
participatory ways. I would like to execute those and many other ideas in a museum
setting and study how the replacement of static labels with playful or inquiry-based
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activities changes visitors’ experiences with artworks, including levels of engagement
and construction of personally-relevant meanings.
Third, the Exploratorium has had a very active artist-in-residence program since
the early 1970s. The work of these artists-in-residence has produced some of the most
interesting material in my study, and throughout this dissertation I have described
exhibits that resulted from these residencies. The artist-in-residence program is now
overseen by the relatively new Center for Art and Inquiry (CAI), which also initiates
special projects with artists, artist collectives, and independent scholars with diverse
backgrounds. It is the division of the Exploratorium responsible for organizing the Art as
a Way of Knowing conference. In organizing these cross-disciplinary conversations and
collaborations, the group looks for people and collectives on the leading edge who do
compelling work—sources of inspiration and ideas as diverse as Cabinet magazine and
artists working in storefront spaces (McDougall, personal correspondence, July 29,
2013). The CAI, with which I became familiar toward the end of my data collection, is
deserving of a dedicated case study, as it could be a rich source of examples of innovative
art/science collaboration. Moving beyond the Exploratorium, looking at art-science
collaborations in other museums will allow me to more fully address some of my
research questions as I examine the nature of such collaborations in institutions, unlike
the Exploratorium, that have a history or foundation in a single discipline. I hope to be
able to create such collaborations in a future workplace as part of my continued study.
As I complete my study, I am grateful that the Exploratorium proved to be a rich
source of information, ideas, and delightful discoveries. The more I learned about the
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institution, the more fascinating it became to me, and I am now more interested in its
exhibits, programs, and research activities than I was the day I first entered the doors of
the Palace of Fine Arts. Because of my intensive study there I also have an understanding
of the general nature of art/science pairings in museums that will serve as the basis for
further investigation and practice in other museums and in other settings.
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