THE MUSEUM
OF THE FUTURI

TECHNOLC
SOCIETY







THE MUSEUM
OF THE FUTURE

Jacob Thorek Jensen, Martin Aggerbeck,
Peter Bjerregaard and Birgitta Praestholm

danmarks

tekniske
museum

Danish Museum of



Contents

Foreword
Anja C. Andersen

Humankind is technological - towards a new Danish
Museum of Science & Technology
Peter Bjerregaard and Jens Refslund Christensen

Part1

Science -right where you are

14

26

38

Chapter 1

Experimenting anew to explore the museum’s
relevance - an introduction

Jacob Thorek Jensen, Martin Aggerbeck and Birgitta Praestholm

Chapter 2
Good processes: reining in, and running free
Martin Aggerbeck

Chapter 3
Building internal evaluation capacity
Majken Svendsen and Karina Magnusson Andresen

Part 2

Relevance, learning and active citizenship

52

62

70

Chapter 4
‘I hate going to museums’
Jacob Thorek Jensen

Chapter 5
Who finds the museum appealing, and who does not?
Katia Bill Nielsen

Chapter 6
Promoting technology literacy at the museum
Birgitta Praestholm



78

Chapter 7

Museums as a catalyst for practical-skills education:
Can science museums make inaccessible topics
useful?

Lene Christensen

Part3

Transformation, sensory engagement and experimental

practices

88

96

104

112

Chapter 8
Speaking of science and technology
Martin Aggerbeck

Chapter 9

Museums of technology and industry need a new
narrative

Marianne Achiam

Chapter 10

Fostering sustainability literacy to re-enchant the world
- and museums

Jacob Thorek Jensen

Chapter 11
A museum in beta-testing mode
Berit Anne Larsen

Part 4
Appendix

122

141

Chapter 12
Experiments
Jacob Thorek Jensen, Martin Aggerbeck and Birgitta Praestholm

Contributors



THE MUSEUM OF THE FUTURE

| was five years old the first time my parents took me to the Danish
Museum of Science & Technology. | remember thinking it was so much
more fun than other museums. There were lots of things you could touch,
and no one expected you to stand there just looking at the displays and
speaking in a hushed whisper. That visit, my first encounter with funda-
mental scientific facts and methods, made me aware of the technological
developments that these discoveries and inventions had made possible.
| value such insight immensely, because it empowers us as human be-
ings and helps us make informed choices about the future we all share.

Gaining insight into science and technology equips and enables us to
develop new knowledge, to recognise solid facts and to think critical-

ly about the views and stances we encounter in our lives. But most
importantly, insight into science and technology opens the door to the
fascinating and wondrous world we are all a part of, and which we all
have the opportunity to explore. The point is, we should not merely be
users of technology. We should also be agents who shape it. This calls
upon us to do even more to equip and enable individuals to live in an ever
more technologically oriented society where the individual citizen needs
to know about and understand the possibilities and potential risks that
technology embodies. Success in this undertaking calls for a museum
that is able to create relevant content for each individual citizen. A muse-
um that can be enjoyed as an experience, and that speaks to the visitor's
mind and heart.



A science museum should not only help citizens navigate capably
through the constant stream of scientific and pseudoscientific infor-
mation that flows around them every day. It can also address a modern
society’s need to build bridges between various disciplines and different
types of knowledge. On the one hand, citizens are recipients of infor-
mation; on the other, today they can themselves take part in producing
content, thanks to new types of interaction and learning methods. The
museum of the future will invite the public to become more co-creative.
One precondition for this is a physical framework that can support the
collective efforts of the museum, local citizens, curators, and scientists
like me. By this | mean physical surroundings which can create value

by fostering collaboration and community, and which host a living and
forward-looking institution that can stimulate participation and creativity
at all levels. A museum worth visiting often, and from an early age. A
place we think of as part of our daily lives, just like cinemas, parks and
supermarkets.

Anja C. Andersen,
astronomer and astrophysicist
Professor at Niels Bohr Institute, University of Copenhagen
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THE MUSEUM OF THE FUTURE

Peter Bjerregaard and Jens Refslund Christensen

There is a widespread perception that tech-
nology is becoming ever more prominent in
our lives. We are increasingly dependent on
smartphones. We see artificial intelligence
moving into areas that used to be exclusively
the domain of human activity. And we hope
technological solutions will save us from the
climate crisis we have been pushing ahead of
us for years. No wonder we feel obliged to rely
more and more on technologies that few of us
truly understand.

In a historical perspective, however, the ques-
tion is whether our times really are as unique
as we think they are. Imagine living in the early
part of the twentieth century. In the decades
around the turn of the century, the world
witnessed a number of stunning innovations:
moving pictures, automobiles, airplanes, wire-
less radios, electric lamps and electricity in the
home, to mention just a few. It is not hard to see
why many people felt either that the world they
knew was collapsing, or that they stood on the
brink of a bright technological future. This was
also the age of the great World's Fairs — events
that celebrated the technological advances of
humanity —and the birth of many of the world's

largest and finest technical collections. One of
these would eventually evolve into the Danish
Museum of Science & Technology.

Nevertheless, there is a fundamental difference
between then and now. Looking across the
modern technological landscape, it is obvious
that we cannot cast caution and criticism aside
and celebrate all we see. Humankind's achieve-
ments and tangible results are mind-boggling.
We send people into space. We treat diseases
with incredibly precise instruments. We build
machines which, in a matter of seconds, pro-
cess data volumes that exceed what humanity
has produced over hundreds of thousands of
years. Yet we also see that our technological
capabilities continue to push the limits of what
it means to be human, and we are not sure
things are heading in the right direction. Rather,
we know that not everything is heading in the
right direction.

The Danish Museum of Science & Technology,
based in Elsinore, is currently working to set up
anew museum in the buildings of Svanemal-
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THE MUSEUM OF THE FUTURE

leveerket, a power station scheduled for decom-
missioning, built some seventy years ago in the
northern reaches of the port of Copenhagen.
Our plans for the coming museum basically
revolve around recognising that as humans, we
have views on and interactions with technology
that are not only fabulously exciting, but fraught
with dilemmas. For us, as museum profession-
als, itis precisely this tension between our own
spontaneous fascination and all the problem-
atic predicaments that makes it so incredibly
exciting to be a science museum in this day and
age. In recognising this contrast, we have found
that it impacts our thinking about the coming
museum in three different ways.

First, the history of technology is a central part
of humanity’s narrative. It is not meaningful to
talk about technology without also talking about
people. It all began when we found out how to
use stones and bones as tools. Ever since then,
technology has been a central aspect of being
human. For better and for worse, our ability to
develop and use technology has been abso-
lutely decisive both for our individual daily lives
and for the role humans play on Earth today.
That is why science and technology are not
(only) about great feats of engineering, but also
about how we understand ourselves as human
beings.

Second, while a museum of science and tech-
nology does not necessarily have the answers,

it must be able to point to important issues that
we all have to explore together. If technology is
gaining ever greater significance in everyone's
daily lives and affecting our options for acting
in the world, then clearly no single group of
professionals has a monopoly on being ‘tech-
nology experts’. We want to use the museum to
actively investigate the roles that science and
technology play in our lives. Also, if possible,
we would like to take a tentative look towards
the future to evaluate both how we might use
various technologies to create better lives,

and how we can avoid their potential pitfalls.
We want to do this through a broadly inclusive
approach that involves scientists, researchers,
companies, special-interest organisations and
everyone who uses our museum.

Third, technology does not simply consist of
stories and objects. Technology is a practice;
something we do. To understand technology
and its potentials, it is vital that we engage di-
rectly with the technologies we are discussing.
That is why the bouquet of approaches offered
in the new museum setting will include not only
exhibitions and debates, but also workshops
where visitors can gain hands-on experience
with a variety of technologies and use them

to create solutions. The future science and
technology museum will also be a place where
groups, associations and networks that work
actively with technology will find a forum that
allows them to reach out to a wider audience.
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The project entitled ‘Naturvidenskab — der
hvor du er’ (‘Science - right where you are’) has
been animportant, indeed a defining element
in our efforts to find our own particular role as
the Danish Museum of Science & Technology
among the wide range of science-related,
technical and cultural history institutions in our
country that reach out to the public. Through

a number of experiments, large and small, we
have examined what sort of role we can play as
amuseum, how we can engage with different
groups around science and technology, and
how we can work together. In this process we
have benefited from having a broad-minded,
candid and engaged advisory board, and the
numerous professionals we have worked with
outside the museum have opened new and
sometimes unexpected doors. We thank you
all for your support.

This book is not intended as a report on the
work that has gone on under the ‘Science —
right where you are’ project over the past two
and a half years. On the contrary, our aim has
been to compile a body of texts that can inspire
further investigation along this important path.
That is why we have asked some of the part-
ners involved in the project to share their views
on important issues here and now — at relevant
museums, and in the field of science and
technology education —and their ideas about
potential paths ahead. We therefore hope that
this book will also reach into the future, contrib-
uting ideas that are not only relevant to the new
iteration of the Danish Museum of Science &
Technology, but also more widely applicable in
Denmark’s teaching and outreach activities in
these fields.
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Experimenting anew to explore
the museum’s relevance
- an introduction




This chapter briefly outlines the

project ‘Naturvidenskab - der

hvor du er’ (‘Science -right

& where you are’), presenting
learnings from the project and

also introducing the book and its

chapters.
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‘Science - right where you are’ is a project
carried out at the Danish Museum of Science &
Technology between April 2021 and Septem-
ber 2023, investigating how the museum can
communicate about science and technology
in new ways. This project was made possible
by a grant from the Novo Nordisk Foundation,
and we take this opportunity to express our
sincerest gratitude for their generous support.
Without it, our plans and the project behind the
book you are about to read would have come
to nothing.

The aim of the project was to investigate how
to develop the various ways our museum
disseminates information, as we hope to en-
courage different types of visitors with varying
backgrounds to relate to science and technolo-
gy. Taking an experiment-based approach, the
project has tested specific ideas and formats,
thereby yielding insights on how to develop
future exhibitions, public and educational pro-
grammes. These efforts have resulted in sev-
eral concrete initiatives at our existing museum
in Elsinore, north of Copenhagen. The project’s
results will also shape the future approaches,
formats and practices we apply when commu-
nicating and teaching about technology and
science —and the new home of the Danish
Museum of Science & Technology is already
on the drawing board, at the Svanemalleveaerk
power plant in Copenhagen, which is sched-
uled for decommissioning in 2025.

SCIENCE - RIGHT WHERE YOU ARE

The technological developments of the
twentieth and twenty-first centuries stand on
the shoulders of scientific discoveries and
inventions. This makes science and technology
extremely relevant, not only for professionals

in these fields but for everyone, as these fields
shape and give colour to our daily lives and the
world we live in. That is why it is so important
toinclude a wide range of perspectives in the
way we communicate and teach about science
and technology. This has become increasingly
clear inrecent years, with climate change

and the ever more rapid digitisation of society
giving rise to momentous shifts.

The chapters in this book can be read in
sequence, in thematic parts or individually. Part
1looks at actual experience and knowledge
gained from the ‘Science —right where you are’
project, giving special attention to design and
evaluation processes. Part 2 is about the mu-
seum'’s users and non-users, exploring different
prospects of learning within the framework of
the current museum in Elsinore and the new
projected site in Copenhagen. Part 3 revolves
around the museum’s role in society, investi-
gating how museums of industry, technology
and science can promote the development

of sustainable societies. Part 4 contains more
detailed descriptions of the nine experiments
scaffolding the project.



SCIENCE - RIGHT WHERE YOU ARE

The project's aim was to develop and test tools,

methods and practices by conducting nine
different experiments. In the context of the pro-
ject, an ‘experiment’ was defined as a specific
initiative, either in an existing exhibit or as part
of a newly developed exhibit, activity or edu-
cational programme. The first six experiments
were standalone initiatives. After completing
them, we spent a short time compiling our find-
ings and sharing knowledge, then planned the
last three experiments. All three had artificial
intelligence as their theme. As noted, the indi-

vidual experiments are described in Chapter 12.

The project team consisted of the three
authors of this chapter, and the individual
experiments were conducted in collaboration
with internal and external colleagues and part-
ners. In addition, the project had an advisory
board consisting of postdoctoral fellow Katia
Bill Nielsen, special consultant and programme
manager Lene Christensen, associate profes-
sor Marianne Achiam, and director of learning
and art interpretation Berit Anne Larsen. In
Chapters 5, 7,9 and 11 they share their own
reflections about how the Danish Museum of
Science & Technology and similar museums
can communicate about technology and
science in the future.

The project has also formally collaborated with
the Science Museum Group in London. This re-
sulted in a study trip to the United Kingdom and
in two workshops held for all of the museum's
staff by Science Museum Group represent-
atives. We have also worked with the Danish
body NEUC, The Evaluation and Development
Centre for Science Education, developing eval-
uation tools to plan and evaluate the individual
experiments.

On an ongoing basis we have involved the
museum's staff in the project initiatives and
held workshops where we have shared and
discussed problematic issues, challenges and
learnings. Finally, the project has investigated
how the organisation as a whole can work to-
wards changing its practice for communicating
technology and science issues, and how we
work with new initiatives at the museum.

Museum exhibitions today are continuously
growing larger and more costly. In step with
this, their complexity is rising, not least because
of the widespread use of scenography, sound-
scaping and digital and interactive installations.
Therefore the need for thorough, well-struc-
tured processes and methods is also growing.
That is why the ‘Science - right where you are’
project explored how a museum can work
with an experimental approach in developing
new exhibitions, activities and educational

17
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programmes. The point of using experimen-
tation is to open our eyes to blind angles and
new perspectives as we move along in this
process, at the same time gradually clarifying
the framework and shape of each individual
activity. Ultimately, our goal is simple: We want
to become better at what we do.

At a practical level the project has worked with
cyclical testing to gain good insights, within a
relatively brief time span, into small projects or
individual elements. We also applied design
thinking to manage large and more complex
projects, such as developing an entire exhibi-
tion. Chapter 2 explains the project’s applied
design methods in some detail.

We have had special focus on how to evaluate
the project experiments, and on how to ensure
that the experience and knowledge gained
from our evaluations is integrated into the
organisation as a whole, improving the way we
develop new initiatives.

For each individual experiment, relatively early
on we formulated a research question that
would give direction to our development pro-
cess and support us in planning and conduct-
ing ongoing evaluations and final evaluations
for the given experiment. Before beginning
the final three experiments, we formulated
three principles that served both as a founda-

18
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tion for developing the experiments and as a
framework for evaluating them. The project’s
evaluation elements, including the research
questions and above-mentioned principles, are
described in Chapter 3.

Currently, the core group of visitors to the Dan-
ish Museum of Science & Technology consists
of families with children, along with an over-rep-
resentation of male adult users — the latter
being an unusual sight in the Danish museum
landscape. However, the Danish Museum of
Science & Technology holds the potential

to be, or to become, relevant for much wider
sections of the public. Chapter 4 is about the
museums’s very real challenges in reaching new
target groups, and about our work to develop
new formats to gain relevance for some of the
citizens who do not consider our museum as
an option that appeals to them.

The project has found theoretical inspiration in
the concept of ‘science capital’. This concept
was developed by researchers at King's Col-
lege London, who studied why, despite having
the same academic skills, some children and
adolescents are more interested in pursuing

a career in science than others. Their study
showed that the interest felt by children and
young people in these career paths is linked to
their prior level of science capital.
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To briefly define the concept, a person’s
science capital is the sum of what they know
about technology and science, how they think
about it, what they do with technology and sci-
ence, and people they know who are interested
in technology and science. A person's science
capital can be built up in various ways: through
what they do in school, in the home and with
family; at museums and similar external learn-
ing environments; through leisure activities; and
through other experiences directly or indirectly
linked to technology and science. There is also
an element of thought and reflection, and of
whether a person sees aspects of technology
and science in what they do.

The Science Museum Group in the UK have
studied how we can work concretely with sci-
ence capital within the framework of a science
museum. This group has developed tools and
methods to make exhibitions, activities and
communication less excluding, hoping to make
more people feel they can link science and
technology to their own lives. Science capital
in general is explored in Chapter 5, both as a
concept and as a framework for how people
understand their surroundings, and it also
shares observations that are based on a per-
sonal visit to the Danish Museum of Science &
Technology.

SCIENCE - RIGHT WHERE YOU ARE

Learning is already a key aspect of the muse-
um experience, and every year nearly 10,000
young people participate in teaching at, or

use a materials package developed by, the
museum in Elsinore. That is about one-sixth of
an annual cohort of Danish pupils in, say, the
seventh grade. Technological and scientific is-
sues and devices exert an enormous influence
on the daily lives of children and young people,
adding to the importance of developing the
museum’s didactic and pedagogical practices
as we look into the future. Our focus areas will
include dialogue-based teaching, playful and
exploratory approaches, and promoting critical
reflection.

At the same time, museums need to develop
arange of offerings that make them relevant

to some of the educational institutions which,
today, do not consider the museum as relevant
to them. These include the country’s vocational
schools. At the Danish Museum of Science &
Technology we spent several years examining
(and will continue to investigate) how our mu-
seum can develop educational programmes
and outreach services that are meaningful for
vocational schools and their students, a group
of citizens we have found to be significantly
under-represented at museums. This is the
topic of Chapter 6.



SCIENCE - RIGHT WHERE YOU ARE

Teaching and learning at the Danish Museum
of Science & Technology must take place in
close interaction with the educational efforts
that go onin society as a whole, and they must
reflect the needs of Denmark’s schools at vari-
ous levels. This imposes new demands on the
teaching and outreach activities that take place
at museums, but it also opens opportunities to
develop museums as external ‘out-of-school
learning environments. Our educational efforts
must actively play into the body of practice and
knowledge that pupils know from their own
school environment, while at the same time
offering a learning space that goes beyond

a conventional school framework. Chapter 7
develops and discusses these perspectives.

The way we interpret and communicate about
our fields at the Danish Museum of Science &
Technology is based on our eminent collec-
tions of objects, accumulated over more than
a century. Originally, the collection practices
of the museum focused on material tech-
nologies and on the technical apparatuses
and knowledge that had made a specific
technology work. In recent years, however, we
have focused increasingly on how technology
affects individuals and society. The project
‘Science - right where you are’ has explored
how the museum can work with science and

technology going forward, not only to include
and build upon our outstanding collections, but
also to become clearer about our positions and
approach to interpreting and communicating
about science and technology issues.

The project is rooted in the fact that the
museum'’s collections, which contain a wide
range of objects from our daily lives, offer a firm
foundation for conveying knowledge about
technology and, consequently, about science.
However, we also have the potential to work
more freely with the science angle, cultivating
science on its own merits and as a tool or lens
through which to observe and understand the
world.

The aim of this thinking is to pave the way for
our visitors to more readily understand and
participate in the public debate about science
and technology issues. We also aspire to
include themes such as artificial intelligence
and climate change. This is a path the museum
will pursue further in the years to come — both
as we move towards setting up a new museum
in Copenhagen, and after the new museum
opens to receive visitors. Readers can find
more in Chapter 8 about the reflections and
perspectives associated with this transforma-
tion.

The Danish Museum of Science & Technology

21
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is not alone in facing changes in the years to
come. All over the world, science museums are
working to find the best ways to serve as new
frameworks for our common investigations
and public debates about the role technology
plays in our lives. Today, humanity faces a wide
range of challenges, including climate change,
increasingly digitised lives, and the possibility of
modifying the genetic composition of people,
plants and animals. Such topics make it abun-
dantly clear that technological development

is not merely increasing human capabilities

by leaps and bounds, it is also propelling us
towards ever greater dilemmas. Chapter 9
briefly outlines the history of such institutions
and offers perspectives on their future.

The project ‘Science - right where you are’ was
part of a wider rethink of the Danish Museum
of Science & Technology that arose with our
plans to move, in the near future, to the build-
ings of a previous power plant in Copenhagen.
On the one hand, this process is about how we
want the museum of the future to look, sound,
and feel, and about how it will find its place
among other similar museums and institutions
in Denmark. On the other hand, an equally
important question is how the world around us
regards us as a museum, not only in terms of
our stakeholders and those who use the muse-
um, but also in terms of the legal requirements
set out in the Danish Museum Act.

SCIENCE - RIGHT WHERE YOU ARE

The move from Elsinore to Copenhagen places
the Danish Museum of Science & Technology
ina unigue position to rethink its role in society.
With an excellent future location in one of
Denmark’s most iconic industrial structures,
the museum will have a real opportunity to take
on the role of a key actor in the national and
international museum community. But impor-
tant questions remain to be answered, such

as: Which formats, methods and approaches
should be the hallmark of an institution of this
calibre? And how will the museum actively
contribute to developing Danish society?
These and other questions are discussed in
Chapter 10.

Chapter 11 describes how the Danish Muse-
um of Science & Technology is already using
experimental formats in our existing museum
to develop new formats that invite visitors to
get curious, involving them in discussing and
investigating some of the challenges that we —
humankind — are facing. In specific terms this
chapter deals with artificial intelligence and
how we can create knowledge and learning
processes by introducing new formats and
initiatives at the museum.

Chapter 12 gives more in-depth descriptions of
the actual experiments that made up ‘Science
—right where you are’. Short case presenta-
tions explain what we wanted to achieve with



SCIENCE - RIGHT WHERE YOU ARE

the various initiatives, how they were devel-
oped, and what learnings we take with us as
we move on towards the museum of the future.

We hope that, taken together, the contents of
this book will inspire readers to draw from the
variety of tangible approaches we offer in this
publication to develop exhibitions, educational
programmes, and activities at museums and
other organisations that communicate knowl-
edge. We also hope that the book will help
readers understand the general challenges
we face as science and technology commu-
nicators in a world where neither field can be
captured as a distillation of neutral, objective
facts. On the contrary, both fields lie at the crux
of the great challenges we all face today.

We sincerely hope you will enjoy this book.
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Experiments

EDUCATIONAL PROGRAMME, SINCE FEBRUARY
2022

Newton i rummet is an existing educational
programme about Isaac Newton's three laws of
motion and about gravity, on which we built to try
out different ways of adapting the material to get
more pupils to actively participate.

ACTIVITY, SINCE APRIL 2022

Farlig viden is a free, self-guided riddle hunt in
which teams of two or three visitors solve riddles
together as they walk around the museum’s vari-
ous exhibitions. The riddle hunt was developed to
create a facilitated, shared experience for young
adults unaccompanied by children.

24
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EXHIBITION, APRIL 2022 - AUGUST 2023

The Future was Here was a popup exhibition at
Copenhagen Airport, allowing travellers to take
a break and view some of the museum’s objects.
The aim was to reach out to some of those who
would not normally visit the museum. More than
420,000 people visited this exhibition:

EXHIBITION, SINCE JUNE 2022

Frihed pa to hjul is an updated version of the
museum’s bicycle exhibition, supplemented with
three animated videos describing the historical
evolution of the bicycle. The exhibition was in-
tended to motivate visitors to take a more active
approach to an everyday transport technology
that is near-universal in Denmark.
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ACTIVITY, SUMMER HOLIDAY 2022

Opfhd din dremmecykel is a family activity where
visitors can draw their own dream bicycle and
afterwords ‘ride’ their own illustrated invention as
they stand in front of a green screen. The activity
was intended to motivate visitors to think more
about an everyday technology they often take for
granted.

EDUCATIONAL PROGRAMME, MAY 2022

The Grand Departure is an educational pro-
gramme developed specifically for students in
vocational education programmes. The material
was intended to reach out to visitors who normal-
ly do not visit museums and to show them that
museums also offer topics and objects that are
relevant for them.

EXHIBITION, EDUCATIONAL PROGRAM AND ACTIVI-
TY, SINCE JUNE 2023

As the project worked with artificial intelligence
as its theme, we developed a combined exhi-
bition and learning space that contained board
games designed to be used both for teaching
and as a facilitated activity for holiday and
weekend visitors. This arrangement explores the
creation of a highly functional combined exhibi-
tion and learning space in which the objects on
display are actively included in the teaching. The
board games are an attempt to yield insights into,
and spark discussions about, a topic that is both
academically and philosophically difficult.

25
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Good processes:
reining in, and running free
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rocesses in a museum context.
While these are based on several
well-known methods, including a
learning cycle (Build - Measure
- Learn) and design thinking, this
chapter also discusses how to use
research questions during the
development process to give
projects a direction.
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As museum exhibitions continue to grow in
scope, size and budgets, so does the com-
plexity in their scenography, soundscapes and
digital and interactive activities. This, in turn,
calls for more thoroughly planned processes
and methods. My aim in this chapter is to
describe some of the guidelines we have used
in developing the project ‘Naturvidenskab — der
hvor du er’ (‘Science - right where you are’) at
the Danish Museum of Science & Technology.
Some we have already tried out; others de-
scribe directions we may pursue in the future.

Aresearch question aims to use keywords to
set the direction for a test or a project. Using
such questions in development processes
can be extremely beneficial. The trick is to
formulate a question that is open enough to
allow freedom and open options in the design
process, even while plotting a course that is
sufficiently clear to enable design choices
based on the question’s focus points. One ex-
ample of a research question, from the activity
‘Invent the bicycle of your dreams’ described
in Chapter 12, is: ‘How can we use playfulness
and creativity to make people reflect on a
near-universal, everyday technology?’

It is important that all members of the pro-
ject group formulate the research question
together. This gives rise to vital discussions,
helping the group align their thinking and set

28
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acommon direction for the process to come.

If a research question leaves all doors open
and closes none, it is not a good question.

Its wording must reflect the decisions (to be)
made about the direction a project will take. A
further advantage in using a research question
right from the start is that it can be used directly
in a later evaluation process, by seeking to
answer it.

Discussions may lead to many interesting ide-
as, but tests will tell you more. Some projects
or sub-projects will offer obvious opportunities
for testing to find the best solution. Here, an
effective way of testing can be a cyclical design
process in which one test gives input for the
next. Such a cycle can, for instance, consist

of three phases, as seen in the LEAN Startup
model, which has three steps ‘Build — Measure
—Learn’, as shown in Figure 1.
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First, you set out a hypothesis or a specific idea
you want to test (Learn). Next, you construct

a prototype (Build), and finally you test and
measure the results (Measure). Taking what
you have learned from the test, you set out a
new hypothesis (Learn) and follow the model
towards your next test. The structure of this
modelis well suited to conducting many quick
tests of partial elements, which is generally
preferable to carrying out full-scale or final test-
ing of an entire hypothesis or concept. If we put
off testing until we have our final result, activity
or display, it will be too late to make any major
changes or adaptations at that stage. But if we
test repeatedly as we go, the project can adapt
or even change direction along the way. Visi-
tors to the museum may miss a technical point
that the developers find intriguing while fixating
on other points elsewhere. This will enable the
developers to consider a change of focus, or
an alternative way to present their points.

Many of us benefit from having our colleagues
test out work-related input. We quickly show
them anidea on the screen; have them read
through an email before we send it to an
external partner; try out an anecdote that may
lighten up our next presentation. Such tests
are extremely important, and they are a natural
part of many people’s work life. We seek advice
from a colleague (an expert) who can rapidly
form an opinion on our query.

Unlike professionals, visitors to the museum
may find it hard to say how they would act

in a specific situation if they are not actually
confronted with that situation. Some visitors
even think they are ‘not doing what they're
supposed to' at the museum when they don't
read all the information panels and object
labels in an exhibition, for example. That is why
quite often as museum professionals we glean
more information from observing visitors than
from interviewing them with questions that go
beyond specific details. If you do choose to
interview visitors, you will often get more useful
information from open questions such as ‘What
did you think of the film? And why?’ than from
questions like ‘Did you read the information
panels in this exhibition?’

As part of the project ‘Science - right where
you are’ we developed a riddle hunt called
Farlig viden’, ' Dangerous knowledge', de-
scribed in Chapter 12. When wording the
research question, the team decided that the
target group would be young adults unac-
companied by children, and that the aim of the
riddle hunt was to frame a shared experience.
Over time, our ideal users developed into ‘a
couple on a date’, as we found this to be the
situation in which young adults might have the
most intense wish to share an experience. The
research question gave this project a clear
direction and defined our task: to design an
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experiential activity that essentially requires at
least two people.

The riddle hunters were to follow a route on a
map of the museum, set out with numbered
riddles and a narrative that develops as they go
along. Each riddle has a riddle card’ describ-
ing a specific task. During our development
process the riddle cards made it easy to test
riddles individually, and also in sequence. In

this way, a single test could help us check and
tweak the individual riddles and also study the
suitability of the route through the museum. We
tested twenty iterations, having made correc-
tions large and small to the various elements.
For some tests we used colleagues; for others
we used visitors invited for that purpose.

We did our early prototypes in the easiest
possible way: with riddle cards made using
PowerPoint, riddle ideas indicated with a
random piece of string, laminated paper clues,
and a small cardboard box as a riddle station.
This made it easy to adapt and change details
for the next test run. The riddle hunt process
was somewhat atypical in that some of the
early tests actually required only one person,
whereas later tests required two. In addition,
the situation was comparable to that of a
regular museum visitor who might want to
solve the riddles while tracing their own trajec-
tory around the museum. In other words, this
differed from a test undertaken in one specific
exhibition, where visitors might feel they were
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expected to read more object descriptions and
spend more time than they would otherwise
have done.

Meanwhile, we realised something important
along the way: Our test-subject colleagues
were at work and were therefore operating in
work mode, task-delivery mode, get-things-
done mode —and don't linger. This, however, is
directly the opposite of the mindset we would
expect in museum visitors. When they come to
us, visitors are relaxed and have lots of time to
look, listen, dive in and discover. Another obvi-
ous difference is that as museum professionals
our colleagues might be outside the museum'’s
primary target group, or possess specialist
knowledge that our visitors don't have. That
makes it important to be aware of what actually
can and cannot be tested in each test scenario.

Even though the ‘Build — Measure — Learn’
method is effective and results in a robust and
thoroughly tested product, this type of testing
is not possible or suitable for every kind of
project. A museum exhibition, for instance,
combines a cognitive experience with a bodily,
sensory experience that occurs in a specific
space and in a relaxed leisure situation. In this
sense, testing specific elements of an exhibi-
tion may give the investigators a misleading
impression of how they work in their exhibition
context, and conversely certain elements may
seem meaningless when tested out of context.
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One way for designers to approach an exhibi-
tioninits entirety is to use ‘design thinking’. This
sort of process follows a model, for instance
the Double Diamond, shown in Figure 2, which
is quite well known and has four phases.

The Discover phase is used to study and
research the problem or challenge at hand.
The Define phase is used to delineate and
describe problems and messages, thereby
setting a direction for the solution. The Develop
phase involves creating ideas and potential
solutions. Finally, the Delivery phase is about
selecting ideas and fleshing out the concept,
and potentially also the solution. The model
is iterative. This means that even though

the model is drawn as a linear process, the
activities will move back and forth among the

individual phases. The two diamonds indicate
visually how this process consists of ‘open-

ing’ phases (Discover and Develop) where
possibilities and options are created, whereas
the ‘closing’ phases (Define and Deliver) call for
decision-making.

Design thinking involves spending quite a bit of
time on researching and defining the chal-
lenge before beginning to work on the solution
itself. For instance, after the Define phase you
may find yourself with a research question, a
number of communication or teaching aims,
or an outline that frames an exhibition. In this
way, during the Define phase you find out what
the aim of your process is, but you still have

no indication of how to achieve it. Whether the
project team formulates this as a ‘goal or a ‘re-

DEVELOP

DELIVER
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search question’ or an ‘investigative question’is
not crucial to the process. The most important
thing is that the project team members all
agree, giving the project a clear direction or
path to pursue.

In the second diamond, ideas are created,
hopefully an abundance of ideas. And hope-
fully a number of these will also be tested on
users. One testing method could be the ‘Build
—Measure — Learn’ cycle described above.

In practice, you will be moving back and forth
many times among and between the model's
Develop and Deliver phases. When using
design thinking for exhibition projects, it is
often preferable to test individual elements and
postpone the testing of large, assembled parts
of the exhibition, or simply leave the latter out
altogether.

Once the project reaches its actual production
phase, the design thinking process will not be
very useful. At this stage it is much better to use
a production management method or system,
such as Gantt charts.

When the museum developed the exhibition on
artificial intelligence, also described in Chapter
12, our project team followed the Double
Diamond model. We gave priority to a Discover
phase spent exclusively on researching the

SCIENCE - RIGHT WHERE YOU ARE

topic through books, podcasts, news articles,
and actual artificial intelligence applications
such as ChatGPT and Midjourney. For the
team members this — not having to think in
terms of solutions from the outset — was a new
way of working.

In the Define phase the team set out a clear
framework for the points we wanted to convey
to our visitors. As a result, three main areas
emerged that we wanted to focus on: data,
coding and intelligence. Figuratively speak-
ing, coding is the engine that drives artificial
intelligence, data is the fuel, and intelligence

is (hopefully) the product. In this phase we
also decided we would organise the available
space to accommodate not only the exhibition,
but educational programmes and activities as
well. Needless to say, this did not reduce the
project's complexity.

For the educational programmes and activities
our aim was to have pupils, students and other
visitors consider the philosophical aspects

of artificial intelligence, using simple analog
games as prompts. The project team therefore
partnered with an external game designer,
who was introduced to the task relatively
quickly and easily based on the project team’s
research and the three main areas we had
identified. Not long after, relatively speaking,
the initial prototypes of the analog games were
proposed and tested.
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Dividing the exhibition topic into three main
areas also gave the exhibition architect a
framework, and the architect used these quite
literally, structuring the space with clear delimi-
tations that were easy to decode. The architect
also used a simple design that matched the
project’s budget and fulfilled the project team’s
wish for a flexible space that could be reused
for other themes at a later time.

One of the greatest challenges in any large
project is to keep your processes open long
enough to explore a wide variety of options,
yet at the same time to start making decisions
early enough to define a direction for the pro-
ject and find real solutions that are thoroughly
considered and well executed. Not surprisingly,
these two elements are contradictory, and
achieving the right balance is no easy exercise.

At the Danish Museum of Science & Technol-
ogy we work to strike a good balance with a
process that has well-defined milestones along
the way. At these milestones, we discuss the
project’s direction with colleagues and/or man-
agers. Usually these milestones are scheduled
in the process slightly after the anticipated
transition from one phase to another. The aim
of this timing is that usually the transitions are
precisely the junctures where you discover
important things you may have overlooked in
the preceding phase.

I am by no means claiming in this chapter that
the processes set forth above are the only
way to manage an exhibition project. Nor am

| claiming that an excellent exhibition cannot
be made without tightly controlled planning.

| would venture to claim, however, that good
project management does ensure a minimum
quality level; that it does reduce the mental
strain on the project team; and that it does
help you avoid major errors and unforeseeable
pitfalls along the way.

At the same time let me emphasise that project
management must never become a straitjacket
that focuses the team's minds solely on ticking
the right boxes, filling in all the documents, and
taking the sure, straight and narrow path. There
must be room to take chances and explore.
There must be room to have fun, to take a play-
ful approach — but yes, there are also times in

a project planning cycle when these things are
neither welcome nor beneficial. And in addition
to creating a framework, a project model also
gives the team a vocabulary to discuss the
progress made, and the path forward, which
can be just as important to a project as its
actual content.
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Investigate your topic, and agree on the most important points you want to
convey, both for the entire project/exhibition and for its various parts.

Use your research question, findings list or a similar overview document to
highlight the important parts of the project/exhibition.

Test as many things as you can. It’s better to run many small tests than a few
large tests on the overall impression.

Remember to be aware of when you are working in ‘opening’ phases of the
process, and when you are in ‘closing’ phases. Frustrations arise quickly when
one team member is trying to carry out and deliver on specific tasks (closing)
while another is coming up with new ideas and tasks (opening).

Stay aware of your process(es) and discuss, as and when needed, the things
that are working and the things that are not working, either for the whole team
or for your specific sub-team.

Try to apply a method, such as design thinking, on a small project before
scaling it up and applying it to a large project.

Ries, E. (2011). The LEAN Startup. New York: Crown
Business.

https://www.designcouncil.org.uk/our-resources/
the-double-diamond/.
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What is evaluation? What benefits
does it bring? And how can

an organisation build its own
internal evaluation practice?
These questions are addressed

in this chapter, which is based on
experience gained during process
evaluations under the project
‘Science -right where you are’’
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All of us evaluate, assess and appraise, and

we do it all the time. ‘Does this dish need more
salt?’ We take a taste from the pot, add sal,

stir and assess again. We could call such
judgments or opinions ‘everyday assessments'.
In contrast, an ‘evaluation practice’ requires

a systematic approach, delimitations, and
parties who agree on both the definitions and
the goals. The main aim is often to use the
knowledge gained from the evaluation either
to further develop the initiatives assessed, or to
check them against certain criteria.

One key difference between using one's own
firstimpressions and gut feeling on the one
hand and systematically evaluating on the
other is methodology. Any systematic evalua-
tion will be based on quality requirements for
the methods used, one example being data
reliability. How are the data to be assessed

or analysed? When different people assess

or analyse something, it is normal for them

to do it differently and reach different conclu-
sions.” In an evaluation process, however, the
assessment criteria will be determined in ad-
vance, thereby increasing the reliability of the
assessment. That is why, before conducting an
evaluation, those involved must decide on its
objective and what methods to employ. This is
to ensure that the evaluation does not rely on
everyday assessments, but on a systematic
analytical effort within a framework of specified
quality requirements.
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With its project ‘Naturvidenskab — der hvor du er’
(‘Science - right where you are’) the Danish Mu-
seum of Science & Technology wanted to exper-
iment on how to develop education and dissem-
ination activities in different ways. At the same
time, the museum wanted to learn from these
experiments and from the processes used to
develop them. The project evaluation framework
was therefore designed as a process evaluation.
Process evaluations are based on assessments
of the processes used, and they link the various
initiatives to goals. In doing this they can show
what could be done to improve or develop the
initiatives, and they also show how the interaction
between the individual elements works.

In addition, the museum wanted to develop its
own evaluation practice, to learn more about data
collection and analysis, and to become more
systematic in collecting and analysing data.

The overall aims of conducting the evaluation
activities were, therefore: (a) to help the museum
evaluate its own dissemination activities in the
future, and (b) to guide this particular project’s
development, adapting activities along the way
and helping the museum to develop new dissemi-
nation tools.

Animportant aspect was that we, the two chap-
ter authors, were not asked to act as operational
evaluators. Our role was to help build in-house
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evaluation skills at the Danish Museum of
Science & Technology. We therefore chose to
base our collaboration with the museum on
the basic thoughts behind action research,
experimenting jointly with various actions to
foster development and change in the organi-
sation.” For the same reasons, we also chose
to structure our evaluation so it could be used
as an instrument that would yield learnings,
thereby supporting the development process
that the project team and the museum were
embarking on.

This set the guidelines for our role as external
evaluators, which was to give the project group
an opportunity to learn even as we ourselves
learned which structural challenges (such as
physical spaces and allocated resources) and

opportunities the museum had. These were as-

pects that we had to incorporate and consider
while developing appropriate evaluation tools.
This, in turn, meant that as external parties we
were still co-creating and facilitating the devel-
opment of evaluation structures and tools.

1) RESEARCH QUESTION

5) RECOMMENDATIONS /
NEW KNOWLEDGE

4) SYNTHESIS
(WHAT CAN WE SEE BASED

ON THE DATA?)

Figure 1. Circular evaluation model

EXPERIMENT &
PURPOSE

DATA PROCESSING

2) EVALUATION
METHODS

DEVELOPING
THE CHOSEN
METHODS

3) IMPORTANT DATES /
DATA COLLECTION
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In our practical work, we began by drafting an
evaluation model to support the museum's own
work in planning and conducting evaluations of
its new dissemination activities.

We and our partners at the museum adapted
this model together to make it meaningful for
the project team to use at their museum, taking
into account the challenges and opportunities
of an out-of-school learning environment. The
aim of the model was to guide the museum’s
team through the various evaluation phases.

The evaluation model - multiphase
implementation

The following figure illustrates how we pro-
ceeded to implement the evaluation model.
It visualises how, as external evaluators, we
supported the museum’s own subsequent

PHASE A
With external evaluator
close at hand

Evaluating a specific
research question

Using knowledge:

—How canresults
from PHASE A inform
PHASE B?

— Formulating common
principles and goals

PHASEB
With external evaluator
atadistance

Developing evaluation
of new activities/
experiments based on
PHASE A:

SCIENCE - RIGHT WHERE YOU ARE

implementation of the evaluation model, doing
so in three phases. Each phase is described
below in a separate section of this chapter.
These explain which elements we, as external
evaluators, paid special attention to support-
ing in the given phase, and they also include
our reflections on the encounter between our
intentions and real life.

PHASE A - Working hand in hand
with the external evaluators
Evaluating a specific research question

A key part of implementing the new evaluation
model was our role — in the capacity of external
evaluators — in actively taking part in evaluat-
ing the museum’s earliest experiments under
the larger project. For one thing, we helped to
shape the actual data collection tools, and to
collect and process data. We also facilitated

PHASEC
After project
completion

- The life of the evalua-
tion model beyond the
project

— Overarching principle(s)
— Overarching goal(s)
—Joint evaluation model

Figure 2. Implementing the evaluation model in several phases
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processes for the museum’s project team and
support staff as they planned and carried out
evaluation activities themselves. The aim of
these hand-in-hand evaluation activities was
to give the museum staff practical experience
in systematically working their way through all
three phases of the evaluation model. Step by
step, during the initial stages of the project, this
gradually equipped the museum's own staff to
act as evaluators themselves.

General observations about using
evaluation findings

The evaluation capacity of an organisation

is not merely about being able to evaluate,

or perhaps even being or becoming a skilled
evaluator. It is also about being able to utilise
the knowledge generated in the evaluation pro-
cess —to improve the contents of an existing
activity, for instance, or to develop entirely new
activities.” As external evaluators, we therefore
spent a good deal of time supporting the mu-
seum staff in working to translate the knowl-
edge their evaluation produced into concrete
learning points. To help create a common sys-
tematic framework for this work, we designed
a ‘self-evaluation tool for use in the project.
This tool consisted of a series of questions
clarifying how members of the museum staff
actually used the evaluation model. The aim

of this was twofold: (1) to retain and document
staff experiences in carrying out evaluations
using the evaluation model, and (2) to stimulate

staff members to actively think about what the
evaluation results and findings meant, both for
the individual activity/experiment and for the
development of other activities/experiments.

Using evaluation findings to adapt the
evaluation model

Throughout the ‘Science - right where you are’
project, the evaluation model was modified in
dialogue with the project team. As it turned out,
the project team did not find the circular model
equally well suited to all their evaluations: From
the outset the project was not designed to
repeat all of the experiments developed during
Phase A. The model was therefore changed

to reflect a more linear-style, chronological
evaluation model.

Using evaluation learnings to identify
principles and goals for Phase B

As noted, not all of the project’s experiments
were meant to be repeated. As external evalua-
tors we therefore chose to focus on supporting
the project by investigating how knowledge
acquired in Phase A could be used in develop-
ing new experiments during Phase B.

Once Phase A had been completed, we ran
a workshop for the museum staff at which we
introduced the concept of ‘principle-focused
evaluation’.” Based on learning points from
Phase A, staff members were tasked with:

(a) formulating an overarching principle for
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Figure 3. Linear-style, chronological
evaluation model 2

1

NAME AND PURPOSE
— What is the purpose of the experiment?
—Who makes decisions? When?

44

RESEARCH QUESTION

— Which research question is the evaluation
intended to answer?

—Who makes decisions? When?

3

RESEARCH

— How are key concepts
of the research question
operationalised?

—Who makes decisions? When?

5

DEVELOPING TOOLS

— Which data collection tools
must be developed?

—Who makes decisions? When?

4
EVALUATION METHODS

— Which methods are relevant?
—Which methods are chosen?
—Who makes decisions? When?
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6

DATA COLLECTION PLAN

— When does data collection take place?

—Who collects data? Any agreements
with informants?

—Who makes decisions? When?

DATA COLLECTION
— When does data collection take place?

= Any need to adjust tools, etc.?
— —Who makes decisions? When?

8
DATA PROCESSING
8 —How does data processing take place?
—Who considers this issue?
—Who takes part in the work? When?

9

ANALYSIS/SYNTHESIS

—What are the data indications /
what did we see?

—Who considers this issue?

—Who takes part in the work?

When?

10
RECOMMENDATIONS AND LEARNINGS
— Summary of learning points:
What did we learn? What do we take with us?
—Who takes part in the work? When?
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developing new experiments, and (b) explicitly
stating the overarching goals applicable to all
new experiments in the project.

To support staff in formulating an overarching
principle, during the workshop we introduced
yet another tool in the form of a ‘rubric’. And
as follow-up after the workshop, staff mem-
bers were encouraged to formulate another
principle or two, based on the learning points

SCIENCE - RIGHT WHERE YOU ARE

and knowledge acquired during Phase A. The
goal of these principles, along the lines of prin-
ciple-focused evaluation, was both to support
the project in establishing common, overarch-
ing evaluation criteria and to serve as drivers
for the staff to develop new experiments during
Phase B. In addition to this, they could form
common ground, a foundation for the muse-
um'’s evaluation efforts going forward.

Principles (Signs of) (Signs of) (Signs of)
The teaching/exhibition / not adequate adequate good (mostly) /
dissemination activity excellent

Principle 1: Visitors
The activities are (What does the visitor
intended to stimulate do?)
the museum visitors
to be active in actions, Facilitator
thoughts and dialogue. (What does the
facilitator do?)
Principle 2: Visitors
The initiatives should (What does the visitor
be based onrecog- do?)
nisable everyday
technologies, issues or Facilitator
experiences that are (What does the
relatable for the target facilitator do?)
group.
Principle 3: Visitors
The initiatives should (What does the visitor
supportsharedexpe-  do?)
riences.
Facilitator
(What does the

facilitator do?)
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to allocate time to, and make room for, reflection on staff members’ own learning
processes and competence development in connection with evaluation activities.

to make a point of providing time for evaluation, given that planning, conducting
and using evaluations requires time and resources.

to develop an evaluation model that takes into consideration the practice or
context in which it will be used, so as to ensure that the model is well suited to its
purpose and that staff members feel a sense of ownership.

to have staff members take part in the evaluation alongside the external
evaluators, as this can give them new skills in evaluating, even as it helps to
establish support systems within the organisation.

Developing and evaluating new activities/
experiments based on the findings from
Phase A

Once they had completed the extensive task of
systematically working through the phases of
the evaluation model (as they evaluated the ex-
periments in Phase A), the museum staff were
on solid ground when embarking on Phase B.
They had now acquired knowledge and expe-
rience not only in developing new experiments,
but also in evaluating these experiments.

In order to retain and, if desired, subsequently
examine and follow up on staff experiences
working with the evaluation model and prin-
ciples, we developed a joint tool: a self-as-
sessment form. The idea was that for each
completed experiment, the staff members
would fillin a self-assessment form. This doc-
ument would then serve both as a documen-
tation tool for the project itself and as a way of

conveying knowledge from the project to us
—since, at this point, we were observing from
the sidelines.

When the evaluation intentions meet real
life

To create favourable conditions for a given
body’s evaluation capacity at an organisational
level, there must be motivation, skills, and ancil-
lary systems present to support the evaluation
efforts in such a way that they become ongoing
and reflexive.

In the fact box, we share several of our obser-
vations after reflecting on which elements of
this evaluation process could positively affect,
first, the subsequent life of the evaluation
model and, second, the ongoing efforts to
build internal evaluation capacity at the Danish
Museum of Science & Technology. These
observations can also be seen as a sort of
good-advice list for other external learning en-
vironments that may wish to build an evaluation
practice of their own.
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Relevance,
learning and
active citizenship



‘l hate going to
museums’




There are very large differences
among various social groups
when it comes to who uses
museums and how much they
use them. But how can we open
our doors to citizens who feel
museums have nothing to offer
them? To cater to these groups,
we need to rethink our museum
formats, communication modes,
working cultures and self-
perception.
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In 2022, a grand total of 17.9 million visitors
passed through the turnstiles of Danish
museums. In a country whose population is
just under 6 million, this number of unique visits
corresponds to each Dane visiting a museum
three times in one year, as Statistics Denmark
and the Association of Danish Museums
(ODM) optimistically wrote in their news bulle-
tin on museum visits in 2022." The question is,
did every Dane actually go on three visits to a
museum in 20227 The answer is, no, they defi-
nitely did not. Museums are good at attracting
certain citizens, who go there often. For other
segments of the population, which are quite
large, you would have a hard time dragging
them across the doorstep of a museum even
once in their lifetime.

The skewed statistics for museum visitors and
visits have been well known for years. Despite
scores of initiatives to make museums relevant
to amore diverse audience, the picture has
hardly changed. But who are museum visitors
really? And who are the people who never, ever
go to a museum? Can museums do anything
to become relevant and attractive to those who
do not use them today”? This chapter revolves
around these questions, and it builds on experi-
ence and learnings from ‘Naturvidenskab — der
hvor du er’ (‘Science - right where you are),

a project at the Danish Museum of Science

& Technology. The project goals included
investigating how the museum can become
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relevant to some of the citizens who think that
museums have nothing to offer.

A national Danish user survey conducted

by the Agency for Culture and Palaces has
documented that the core visitor segment at
the Danish Museum of Science & Technology
is families with children. In 2022, a remarkable
62 per cent of the groups visiting our museum
included children aged 0-15. This is far above
the corresponding proportion at other muse-
ums, which show an average of 20 per cent on
this statistic.

Another prominent group at our museum
consists of men, who in 2022 made up 57 per
cent of our visitors. This figure is also remarka-
bly above the corresponding statistic for other
museums, where men, on average, make up
36 per cent of visitors. This puts the Danish
Museum of Science & Technology among a
small, select group of Danish museums with a
preponderance of male visitors.

At our museum we have a challenge in being
relevant to citizens with short-cycle higher
education qualifications, vocational training
certificates and similar skills profiles. Thisis a
paradox, because in so many ways our collec-
tions are linked to a wide range of crafts, trades
and skilled jobs. One would therefore expect
the museum to be capable of attracting more
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Itis important that museums in
general become relevant for all

citizens, given that culture and
cultural heritage are things we share
- things we produce together.

visitors with vocational training, rather than
having such a massive over-representation of
citizens with higher academic degrees.

However, this problem is not unique to the
Danish Museum of Science & Technology.
We see the same pattern in the vast majority
of museums across Denmark, with citizens
who left school around age 16 or completed
vocational training being severely under-rep-
resented. In 2022, this group made up 25 per
cent of visitors to our museum, and 19 per
cent of visitors to Danish museums in general.
Meanwhile, they make up a good 51 per cent
of the Danish population aged 15-69.” In other
words, our country has a very large group of
people who do not use the Danish Museum
of Science & Technology, or any other Danish
museums.

Some citizens with short-cycle education also
belong to a group that generally has a low

level of cultural consumption — ‘culture’ in this
context meaning museums, cinemas, libraries,
sports matches and similar events. According
to Statistics Denmark, the figure for low cultural
consumption in people 16 years and up is 28
per cent.” This segment of the population
generally perceives the classic or conventional
cultural offering as irrelevant or unattractive.

The feeling of not belonging

One objective of our project ‘Science — right
where you are’ was to investigate how the
museum can become relevant to some of
these citizens. Among other initiatives, we have
developed a special educational programme
for students in vocational training programmes
(described in Chapter 12) to explore how we
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can make the museum a place they perceive
as relevant to them. The initial position was by
no means encouraging.

Many of the students in this group said they
found museums boring. One student even
shouted out on arriving at the museum: ‘| hate
going to museums', and another said as he
walked around the exhibitions in the museum:

‘I can feel 'm not on my own turf It therefore
quickly became clear that we had to think
beyond our traditional formats to approach this
group of students in a relevant way. The educa-
tional programme was designed to enable the
students to be physically active along the way,
including many changes of location, various
tasks to solve, and many amusing stops and
opportunities to have fun together. After the
visit, several of them expressed that they did
have fun, and that their visit had not been ‘what
visiting a museum is usually like'.

Our hope is that educational visits of this sort
can change this group's perception of what
amuseum can also be. However, it will hardly
make them frequent visitors at our museum or
any other Danish museum. It will take substan-
tial changes to make them feel that they (and
other visitors) can use the exhibitions as more
than a backdrop for a specifically tailored ed-
ucational programme; to feel that the museum
also anticipates and caters to their interests,
behaviours and needs.

RELEVANCE, LEARNING AND ACTIVE CITIZENSHIP

| believe it is important that museums in
general become relevant for all citizens, given
that culture and cultural heritage are things

we share — things we produce together. This
means that there is a need to develop an
open, inclusive object-collection practice at
museums, precisely because they define what
cultural heritage is, and what it is not, through
their efforts to collect, register and preserve
objects for posterity.

Museums have a legally defined task, namely
(inmy own translation) to work to ‘create topi-
cal knowledge about cultural and natural narra-
tive and to make this accessible and relatable’
and to develop the utilisation and significance
of cultural and natural heritage for citizens and
society.” This is a task that many museums
handle well — for a select fraction of the popula-
tion.am not arguing that everyone ought to be
forced to visit museums on a regular basis; but
when such a large proportion of Danish citizens
never use museums, then, generally speaking,
the sector has a problem.

To put it bluntly, despite the innumerable inclu-
sion initiatives we have seenin recent decades,
museums have not been able to make them-
selves relevant to a significantly larger or more
diverse part of the population. Instead, those
who already use museums visit them more
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often. Obviously, each museum must define the
target groups to which it wants to be particu-
larly relevant. However, as museums we must
be much more prepared to look towards some
of the groups in the population who never or
very rarely use museums. One of these is the
segment who have or are working towards
vocational training. At any rate, this must be
part of the ambition for the Danish Museum of
Science & Technology of the future.

In my view, the Danish Museum of Science

& Technology has a distinct potential when it
comes to being relevant to some of the people
who do not use museums. The pointis thatina
society like Denmark, technology and science
are an integral part of living. We are all in touch
with a wide variety of technologies every single
day, and they are decisive to the way we live
our lives — for better and for worse. That is why
itisimportant that we exercise critical thinking
in how to live with technologies in the future.
This should be directed not only towards a
small group with a special interest in or flair

for technology. There must be an opportunity
for everyone to participate in the democratic
debate about the role technology should play
inour society. This is where | see the Danish
Museum of Science & Technology as a mental
and physical forum that can scaffold meetings,
dialogue, studies and investigations into how
we can live with and alongside the technolo-
gies of the future.

If museums are to be developed into places
where more people find themselves at home,
or at least feel welcome, then we need to
change the mindsets and practices of muse-
ums. There is an unspoken code of conduct,
a certain way to behave when one visits a
museum. Perhaps we need to challenge this

code and start to think about how more people,

and more different kinds of people, can use
museums in new ways.

Museums must become even better at devel-
oping formats and physical spaces that people
can use in various ways, thereby allowing them
to meet different needs. In my opinion, we need
to move beyond the conventional museum
mindset, the silo thinking that characterises the
museum community and the cultural sphere

at large. A place like the Danish Museum of
Science & Technology should certainly have
staged, sensory-based exhibitions, but it
should also serve as a framework for work-
shops catering to children and adults, for
theatre performances, concerts, social dining
events, literature events, debates, LAN parties
and Fix-it-yourself cafés. There are countless
opportunities to bring the museum’s objects
and expertise into play in new and innovative
ways, thereby helping to generate new knowl-
edge, insights, learnings and experiences that
point towards new visions for the future.
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This calls upon us, as museum profession-
als, to rethink our formats, communication,
working culture and self-perception — at
least if our aim is to succeed in becoming
public places where many more peo-

ple feel a sense of belonging or even
ownership. To do this, we will need to do
several things: to bring other skills into the
museums’ organisations; to develop new
methods and practices for our curatorial
work; to integrate the way we think about
our space-specific and digital communi-
cations; and to be more accessible and
appealing to the citizens we so desperate-
ly want to address as relevant and engage
with in meaningful dialogue.
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Stepping through the entrance to the Danish
Museum of Science & Technology, one is met
by an abundance of objects. A semicircle of
vintage cars stands just where visitors pass
into the large hall that makes up the first part of
the museum. Behind the cars, a small passen-
ger aircraft noses into the air. Several other
airplanes are suspended from the ceiling, their
long wings stretching out into the enormous
exhibition space. The large hall has machines
and objects everywhere, interspersed with par-
tition walls that present information and screen
off smaller spaces. There are also small object
labels in front of the cars in the semicircle. But
who are all these objects actually on display
for? And what are visitors actually supposed to
do with them?

According to the museum’s charter, one of its
objectives is to make knowledge relevant to
and accessible for people; in other words, to
interpret and communicate knowledge. | do
research in the field of education, so for me it
is wonderful to imagine museums as places
where everyone, regardless of age, back-
ground or prior knowledge, can learn and ex-
perience new things. There are also a number
of excellent arguments to support the impor-
tance of communicating and disseminating
knowledge about technology and science. As
a society, we need highly educated people who
can fulfil the growing need for employees who
possess such skills. On a personal level, it is
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important for individuals to become acquainted
with these fields: they are a significant part of a
well-rounded education, of a person’s general
knowledge of the world or, to use the German
term, their Bildung or ‘formation’.

However, as just described in Chapter 4 (| hate
going to museums)), not everyone visits muse-
ums —far from it —and there are large differ-
ences among the groups who use Denmark’s
various museums. In this chapter, | introduce
the concept of ‘'science capital and reflect on
how it can help us understand why some peo-
ple may find it hard to imagine a museum, and
the Danish Museum of Science & Technology
in particular, as a place that has something to
offer them.

In the field of education, the issue of present-
ing people with opportunities to participate

is arecurrent theme. Here, too, we see large
differences and inequalities in who has access
to, and who chooses to pursue, various educa-
tional programmes.

The entire school and higher education
system has previously focused on the (lack

of) interest among children and young people
in disciplines that fall within the sphere we
broadly refer to as STEM (science, technology,
engineering and mathematics). Efforts have
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mainly focused on under-represented groups,
the general idea being that if only we could
awaken an interest in these areas in children
and adolescents, then more young women, for
instance, would choose a STEM education or
career path.

As recent research findings show, however, a
lack of interest can by no means explain why
young people reject STEM fields as a direction
for their education or career. Instead, the British
project ASPIRES found that social inequalities
in such aspects as class, gender and ethnicity
played a much more crucial role, and they
developed the concept of ‘science capital’ as
atheoretical approach that could help them
understand these discrepancies.

The researchers who developed this concept
were inspired by the work of the French soci-
ologist Pierre Bourdieu, who described capital
as the resources a person can draw upon

in various social contexts. He also believed
there were three fundamental types of capital:
economic, cultural and social. One way to un-
derstand this concept is by thinking of social in-
equalities as the differences between players in
a card game. In this comparison, each player’s
capital can be seen as the cards in the hand
they have been dealt. In the present context of
STEM and science museums, science capital
should not be regarded as a specific type of
capital, but rather as a given person’s total pool
of science-related resources — what they know,

what they do, how they think, who they know
—because all these factors can contribute to
their personal science capital.

In Bourdieu's work, the concept of capital is
closely linked to two other concepts: field’
and ‘habitus’. The first of these is particularly
relevant to this chapter, as it refers to the social
arenas in which we are active. We can com-
pare a field to the rules of agame. There are a
wide variety of social fields, each with its own
set of rules. Although your cards may be the
same, the rules of the card game will decide
what you, as a player, can do with your cards
in that specific game. Thus, the concepts of
capital and field are intimately linked: the rules
of the game (the field) determine whether the
cards and the hand you have been dealt (your
capital) have any value.

The researchers behind the ASPIRES project
use these concepts to explain why some
young people find it easier to participate in
science classes and see science as a field that
has something to offer. Among other things,
the project has pointed out that the resources
young people have in their encounter with
school situations give them different prereg-
uisites — and discrepancies can easily be
mistaken for different, or lacking, skills.

In that sense, the concept of science capital
was not specifically developed for use ina
museum context. However, it is an interesting
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angle to apply as we try to understand why
some people do not find museums appealing,
or think museums have nothing to offer them.

Onacool day in April, my partner and | set out
to visit the Danish Museum of Science & Tech-
nology. We both come from middle-class back-
grounds, and while | have a social sciences
degree, he has a degree in electrical engineer-
ing. | have been to this museum several times.
For him, this is a first. We enter, and as we move
through the museum among the many objects,
| realise that his level of technical insight makes
him notice very different things, compared to
what catches my eye. For instance, we pass

a display case filled with a large number of
objects which, to me, are unidentifiable and
look rather dull. Meanwhile, my partner sees
what he later describes as perhaps the most
prominent object in the entire museum: the
actual apparatus used by the Danish scientist
Hans Christian @rsted when he observed elec-
tromagnetism — a groundbreaking discovery of
immense importance to life in Denmark and alll
over the world.

One can easily think of the Danish Museum of
Science & Technology as a treasure-trove of
valuable objects, but taking a science capital
approach one could also ask: What does it
actually take for someone to be a visitor to the
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museum? What does it take for a person to
participate and interact with the objects? What
pool of capital are visitors expected to have
when they step into the museum? And how
does the museum support the use and devel-
opment of various types or pools of science
capital?

My own experience at the museum showed
me that the knowledge and resources we bring
with us as we enter a museum affect the way
we look at its many objects. It also affects what
we take home with us, and the way we link

(or do not link) the visit to our daily lives. While
my partner and | were visiting the museum,

for instance, his technical expertise was what
spurred us to have a conversation about the
importance, to societies and to the world, of the
many discoveries and inventions showcased
by the objects on display.

If, following Bourdieu, we imagine the museum
as a particular field, this enables us to view

the museum as a place with a particular set of
rules that frame how a person can act within its
arena. Further, it enables us to see the museum
as a place where certain types of capital can
come into play and be acknowledged as valu-
able. This, in turn, prompts us to ask questions
such as: What do we expect museum visitors
to know in advance? Is it clear what people are
expected to do when they visit the museum?
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The concept of science capital does not readily
answer the question of why some people do
not visit the Danish Museum of Science &
Technology. What this concept can do, how-
ever, is help us recognise some of the barriers
that may lead some people to think the mu-
seum is not a place for them. Just as a lack of
interest does not explain why more young peo-
ple do not choose to pursue STEM degrees,

it is easy to appreciate that a lack of interest
does not explain why some people refrain from
visiting the museum. Instead, taking a science
capital approach, we might easily imagine that
not everyone has the same preconditions for
participating, and that some people may find

it hard to see how the museum and its objects
relate to them and their everyday lives.
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As the Danish Museum of Science & Tech-
nology continues its journey towards a new
museum in the physical framework of a
decommissioned power plant north of
Copenhagen, the learning department
explores what it will take to offer educational
activities at a science museum for the
twenty-first century. Where do our strengths
lie? What is unigue about our particular
museum? What are the trends in society, and
among politicians and educators? How can
the museum offer children and young people
memorable experiences they can carry with
them as they move on in life?

This chapter is based on learnings and experi-
ence gained from the project ‘Naturvidenskab
—der hvor du er’ (‘Science - right where you
are’), based at our own museum in Elsinore.
Previously, our educational programmes
revolved mainly around technological and
industrial history. With this project, however, we
wanted to investigate what role we, as a muse-
um, can play in forming and educating young
minds in science and technology. This chapter
presents my own reflections, in my capacity

as head of learning at the Danish Museum of
Science & Technology, on how we can create
more survey-based and relevant educational
programmes, providing our young visitors with
perspective and building on their spontaneous
enthusiasm and engagement upon entering
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the museum. Our goal was to create a space
where, during their relatively brief time with us,
children and teenagers can investigate, be filled
with wonder, play, and learn about the world’s
ingenious technical contraptions, scientific
discoveries, inventors and inventions. We want
to get them interested in the world and in the
technologies that surround them — to arouse
their curiosity and make them keen to learn
more.

The need for skills that can create tech-
nological solutions for the future continues to
rise. Specialist skills in the technical, scientific
and digital fields are in demand among busi-
nesses and companies. Many initiatives have
been launched, in Denmark and elsewhere, to
create knowledge in STEM (science, tech-
nology, engineering, mathematics) fields and
education programmes, and to make them
more attractive — so far, with limited success.
So where do things go wrong in our attempts
to attract young people to scientific and
technical subject matter? Numerous surveys
and studies have looked into this. We know
that the more children are exposed to science
and technology through their family, friends,
teachers who engage their interest, out-of-
school learning situations and in their free time,
the greater the probability that they will later
choose a STEM path.
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| recall my classroom lessons in physics and
chemistry in the early 1980s —more clearly,

in fact, than | can honestly say | want to. My
teacher, Helge, always wore brown corduroy
trousers and had a little leather book bag that
he would smack down onto the table top,
apparently to emphasise that the lesson was
starting now. He smelt of pipe smoke and
would puff away in class, eventually making

a little cloud up under the ceiling. | remember
the tiered classroom benches, the smells,

the experiment area behind the partition. The
glass-fronted cabinets full of bulbs and beakers
and fluids. The Bunsen burners, cooker rings
and valved gas lines, and the metal sinks
spaced out along the pupil's workbench-

es. But | remember nothing of the subjects
themselves. | had no clue as to why we were
standing there heating glass beakers over an
open flame. In short, | hated physics and | hated
chemistry.

Today | think to myself: How can anyone hate
the origins of the Earth? The elements, and
Newton's laws of motion? Somewhere, some-
thing must have gone badly wrong. Somehow,
Helge must have missed the mark. There were
no hooks or pegs, no scientific coat-rack, no
everyday examples to hang our topics from.
There was nothing we were asked to investi-
gate ourselves. All our activities were dictated

from Helge's desk. My memory is intact. Oh
yes, | remember Helge and our physics rooms
well. | just cannot remember any of what Helge
tried to teach us.

Children and young people need to be able

to peg their knowledge to situations from

their own lives, linking it to the world they live

in. They must be able to somehow identify

with the narrative. Children recall images and
moods and good stories and knowledge that
hooks onto something they know, say a leisure
time activity. Another good device is to let them
investigate things, wonder about things, find
answers for themselves. In our own museum'’s
educational programme Newton i rummet
(‘Newton in space’, described in Chapter 12),
school pupils investigate Isaac Newton's three
laws of motion and also investigate gravity.
They do this in exercises that use props they
recognise from their daily lives, gaining an
understanding of the subject matter because
they can peg what they learn to everyday situa-
tions like playing ball, skateboarding, or riding a
bus or a bicycle.

It is fascinating to see what happens to young
visitors when they enter our museum. They
instinctively want to run. The objects simply
draw them in —almost like the natural force that
makes the Sun pull at the Earth. Several of our
objects are large and represent technologies
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young visitors know, even though many of
these objects are older than their grandpar-
ents. There are also several objects they can
physically walk into and touch. This fascinates
them, motivates them, and it is precisely here
we need to grab hold of them.

The museum has been working with dia-
logue-based teaching for many years. This
means that educators base their approach on
pupils' daily lives, coupling new knowledge with
existing knowledge. Conventional one-way
communication is not an option; the same
teaching session may look very different in
different scenarios. It all depends on what cap-
tures a specific group of pupils. The museum'’s
own educators are trained to listen: What are
the pupils saying? What do they bring with
them? What is their view of reality? This may
well mean that a set of teaching instructions
cannot be followed to the letter. However, if a
group of pupils are fascinated by a Tesla on
their way to an educational programme in the
museum's GAMER exhibition, then we stop
and talk about the car and about Elon Musk.
We catch hold of them where they are. Basical-
ly, we do all the things Helge never did.

In the Danish education and teaching system,
technology literacy (or teknologiforstaelse,
which in direct translation means ‘technology
comprehension’) is a new concept. Despite
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being interpreted in various ways, the point of
tech literacy is to focus on the specific techno-
logical skills and competence profiles we need
to promote in Denmark’s education system.

Tech literacy, which may eventually end up as
a subject on the primary school curriculum,
covers several competence areas, mainly
concerning digital technologies. This is
obviously an area where our museum can
contribute educational programmes that deal,
for instance, with artificial intelligence, coding,
robotics, smartphones and drones. In addition,
however, we plan to make educational
programmes that take a more analog approach
to technology.

[tis important for people to be competent at
seeing through, and critically assessing, the
many technologies that surround us, but it is
also important to understand how they work.
This would enable people, for instance, to re-
pair some of the appliances and devices many
of us use in our daily lives.

How does a piston in a combustion engine
work? Why do scissor blades look like an X?
How do you fix a punctured bicycle tube? Or fix
the charger for your mobile phone? Skills like
these are useful in terms of thinking sustainably
and saving money.

In this context, as the Danish Museum of
Science & Technology, we must also tap into
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Quite often, the credit for a device
will go to the engineer or inventor, but
most of the objects at our museum

would never have existed had it not
been for the skilled craftspeople who
made them.

the essence of tech literacy as a (potential)
part of the school curriculum, allowing children
to work with both analog and digital tech-
nologies on an equal footing. We can offer
workshops on robotics and programming or
artificial intelligence educational programmes,
but such activities must also contain an analog
element. These could include such themes as
‘materials & craftsmanship’ or ‘product design’,
which would also enable us to differentiate our
teaching and appeal to multiple types of skills
and learning styles.

Focusing on vocational schools

As part of the project ‘Science - right where
you are’, we have developed an educational
programme designed for vocational students
just starting secondary school on the Danish
‘Basic introductory course, module 1’ (see
details in Chapter 12). Our main aim is to give

them a fun, inspiring day. At the same time we
wish to bolster their general knowledge by
giving them a good idea of how their particu-
lar field arose, and how it fits into the bigger
picture. This educational programme outlines
technical and technological developments

in Denmark, including some of the technolo-
gies that skilled craftspeople have helped to
develop and construct — people who master

a trade by virtue of the same type of training
the vocational pupils are embarking on. Quite
often, the credit for a device will go to the
engineer or inventor, but most of the objects at
our museum would never have existed had it
not been for the skilled craftspeople who made
them.

We hope to help restore the pride once
associated with good craftsmanship and with
learning a trade as a skilled professional. We
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also hope that an educational programme like
ours can make vocational school teachers
and their students see the museum as a place
that is relevant for them to visit, expanding the
options in their classrooms.

If we want to make science and technology
more interesting than they were in the physics
lessons of my youth, we must look at what is
important to young people outside the physics
classroom. Climate change is today’s most mo-
mentous challenge, and many young people
are worried about climate issues and their own
future. Many are also committed to combating
climate change. At the Danish Museum for
Science & Technology, we decided to use this
commitment as a linchpin. Our strategy was

to pivot these concerns and take the opposite
view, pointing instead to young people's oppor-
tunities to act, and showing them they can help
combat climate change through the education
they choose.

That is why, in 2021 and 2022, our museum
hosted an education and career path event
called Gran omstilling - dit uddannelsesvalg
(‘Green transition — your educational choice).
Here, 55 certification and degree programmes
in STEM, all focusing on sustainability, gave
introductory presentations and hands-on
demonstrations of what they had to offer. The

RELEVANCE, LEARNING AND ACTIVE CITIZENSHIP

target group was school-leavers from lower
and upper secondary schools, and the two-
day event attracted 1,500-1,800 young people
in2021and in 2022.

At the green transition educational events we
also sought to actively strengthen science and
technology dissemination, hosting sessions
that outlined the history of industrialisation and
showed how development has improved living
conditions in the Western world. But at the
same time, we also zoomed in on how rising
standards of living have impacted our planet
and, not least, what is being done to address
this.

Our museum is an obvious place to help peo-
ple understand technology, and to generate
debates about how technology affects us.
Our topics and objects are recognisable to
young people and can give them a solid basic
knowledge about technological progress and
development. While visiting us, they can feel
intrigued, curious and inquisitive, and they can
explore and experience objects old and new.

We aim to support the curiosity and creativity
of children and young people by taking a play-
ful approach that makes history and science
alive and relevant. We do not aim to teach them
Newton's laws of motion by heart, but we do
hope to forge links to their everyday lives and
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activities that make them curious about the
world, make them want to keep on investigat-
ing after they leave us — whether they trip over
a stone, see a satellite in the night sky or want
to repair their own bicycle.

At the Danish Museum of Science & Tech-
nology, we want to create spaces where
children and young people have a positive
experience with technology and the scientific
forces behind it. A space that offers a safe
framework for learning, that builds bridges to
the knowledge and experience they bring with
them. A generous mental space, too, with
ample room to wonder, reflect, make mistakes,
try and try again, and play your way to reaching
solutions and discovering new things for
yourself.
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practical-skills education:
Can science museums
make inaccessible topics
useful?
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‘We learned now to mount and fit an electric
lamp, and | think that was pretty cool. It made
me feel like | was a sort of *handywoman”
myself. This quote comes from Kia Berlas
Isaksen, who is studying physical education
at Viborg Idreetshgjskole, a folk high school in
Jutland that specialises in sports. One of her

fellow students there, Louise Nedebo Schwarz,

agrees. For her, do-it-yourselfing holds an
appeal all its own.

A number of Danish folk high schools — the
country has about seventy of these live-in
schools, a distinctly Danish type of privately
run, formative learning environment with deep
historical roots — offer a specific course called
Alt det, min far ikke leerte mig (‘Everything

my father never taught me). These courses
typically highlight activities such as cleaning a
clogged drain, hanging a picture straight and
stopping a tap dripping. They are extremely
popular, and are an eminent example of how
young folk high school students from all walks
of life are motivated by practical learning con-
tent that is genuinely useful. What does it take
to help young people handle things on their
own? And what does it take to enable them
to be engaged, well-informed participants in
debates about today’s challenges?

Science museums (here: museums that deal
with technical, technological, scientific and
health themes) are good at putting public chal-
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lenges on the agenda. Now more than ever, it
is vital that museums focus on their role as cor-
nerstones of society and conveyors of history,
culture and general education (or Bildung, to
borrow the German phrase for the Danish word
dannelse, which literally means ‘formation’).

But could one role of science museums be to
rewind, focusing on what is practical, basic,
elementary, as part of the formative educa-
tion we give children and young people? Can
science museums take on a special role in this
respect precisely because they have spaces,
surroundings and objects that can serve as an
excellent framework for practical, utility-orient-
ed teaching?

A beloved child has many names, as a Danish
saying goes. A popular term these days in
Denmark is ‘practical skills', often used by the
country’s current minister of education, Mattias
Tesfaye (himself a skilled bricklayer) to de-
scribe what he and the current broad coalition
government believe Denmark’s schools ought
to have more of —for instance, in announcing
school reform plans in autumn 2023. Back in
2014, the previous reform of the country’s pub-
lic school system focused on concepts such as
utility- and practice-oriented teaching. Across
the system there are different terms and under-
standings of precisely what such terms mean.
Examples are ‘practical skills' and ‘practicable/
utility-oriented/reality-based’ teaching, and it is
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difficult to arrive at any uniform or collective un-
derstanding of them all. Each in their own way,
various scholarly traditions and practice-based
experiences are developing these concepts.
Basically, however, they all agree that pupils are
motivated by finding out how the topics taught
can be used in various relevant contexts.

Some teaching is already practical and
utility-oriented. For example, pupils use their
competences in algebra, geometry, reading

or communication in their everyday lives. In
contrast, science and technology subjects are
sometimes challenged in this respect, with
some teachers finding it hard to bring applied
sciences into the classroom and use technolo-
gy-based teaching methods themselves.

One reason why practical skills are currently
high on the Danish agenda is that studies
point to rising pupil motivation when practical
skills or utility orientation come into play. One
study from 2023, published by the Danish
Evaluation Institute, EVA, shows that alarge
majority of teachers (71 per cent) believe that
practical-skills teaching holds the potential
to increase pupil motivation (in my translation
from the Danish):

Recent years have seen a growing focus on
how teaching in the Danish comprehensive
school system is typified by deskbound,

result-oriented, written work. This sort of
teaching is typically referred to as ‘book-based’
(see, for instance, the report Undervisning-
spraksis i udskolingen [ Teaching practices at
lower-secondary level'], EVA, 2019), and it is
held up in comparison to a more diverse and
varied type of teaching, which contains more
practical activities, including utility-oriented and
reality-based elements. Both the stakeholders
in schools and various professional educators
have argued that compared to book-based
teaching, practical-skills-based teaching

can be a better way to motivate all pupils to
participate actively in the teaching [situation]
and thereby reap the greatest possible benefit
from the teaching, both in terms of the subject
matter and peer relations. Likewise, this type of
teaching can help make the skills and knowl-
edge pupils acquire at school easier for them
to utilise — also outside a school setting.

At the same time, a practical-skills approach
can bring the formative element more into
play, formative’ understood here as a person's
meeting the world through education, with
the purpose of developing ‘self-determination,
freedom, emancipation, autonomy, authority,
reason [and] self-activation.” The formative
element can sometimes seem rather abstract
in school settings, but science museums can
help pupils develop these qualities by letting
them see and experience the practical utility
value of their subjects, and by letting them

81

3dNLNd 3HL 40 NN3ISNIN 3HL



THE MUSEUM OF THE FUTURE

experience that learning and living as a citizen
in their own society, Denmark, are two insep-
arable aspects of life. It is an advantage if their
experiences at the museum are mediated, ena-
bling them to clearly perceive links to the world
outside the museum in the form of certain daily
practices and issues on the public agenda.

Science museums have a very particular po-
tential to offer teaching centred around difficult
or inaccessible scientific, technical or techno-
logical topics, and also to strengthen the link
between the topic itself and how pupils per-
ceive its utility value outside the school setting.
The museum’s surroundings and collection
objects are a perfect framework for this type of
teaching or other interpretation and communi-
cation activities. This gives science museums
a special opportunity to take a practical-skills
approach and offer utility-oriented teaching,

to raise the pupils’ motivation levels and their
understanding of complex scientific, technical
and technological topics.

To give one example, the museum can present
a topic such as ‘the information society’ by
telling the story of the punch card. Here, the
museum's teaching session guides learners on
ajourney from punch card to diskette, on to the
CD and ultimately the microchip. By focusing

82

RELEVANCE, LEARNING AND ACTIVE CITIZENSHIP

on the practical-skills aspect (What do you

use a punch card for?) and a taking a utility-
oriented approach (How do you make a punch
card, and use it?), the museum can foster an
even better understanding of, and greater
insight into, the opportunities and challenges
of the information society. With teachers taking
their cue from replicated original punch cards
based on those made by Herman Hollerith —
the first person to use punch cards to store and
process information — the museum can also
unfold the story of how, based on his inven-
tions, Hollerith set up the company that would
eventually become IBM.

Another example, seen at many science mu-
seums, is the tinkering lab, a sort of educational
station or pitstop where children and families
get a hands-on, utility-oriented introduction to
a scientific topic. Such a topic could be light,
with children and their parents going through
activities that let them experience and under-
stand what light is, and how light works. What
they take away from the tinkering lab goes with
them as they move through the exhibitions,
increasing their understanding of the narratives
in the displays. Some tinkering labs have an
extra layer, featuring authentic objects that

can be used for demonstrations. Such a high
level of authenticity and immersion augments
the experience as a whole and the person’s
understanding of the activity.



RELEVANCE, LEARNING AND ACTIVE CITIZENSHIP

The Danish Museum of Science & Technology
has a unique potential for disseminating and
communicating about technology; its topics
ranging from the technical/mechanical field
across basic and advanced analog technolo-
gy to basic and advanced digital technology.
These topics can seem not only far removed
from people’s daily lives, but also hard for both
children and adults to understand. Based on
the physical surroundings and the objects,

the museum can create teaching and learning
experiences that strengthen the understanding
of how a technical process or apparatus works
and what purpose it serves.

Kia Isaksen, the young student | initially quoted,
felt like a real ‘handywoman'’ after fitting an
electric lamp. Surely she would think it was
‘totally awesome' if she could produce and

use her own punch card to store important
personal information. And that is not all. She
would also become better equipped to take
part in well-informed discussions about the
challenges and potentials embodied in today’s
information society.

Danmarks Evalueringsinstitut. (2019). Praksis-
faglighed i skolen - en forundersagelse [The
practical-skills approach in schools — a preliminary
investigation]. Holbaek: Danmarks Evalueringsin-
stitut [Danish Evaluation Institute, EVA].

Klafki, W. (2011) Dannelsesteori og didaktik: nye
studier [Bildung theory and didactics: new studi-
es]. Aarhus: Forlaget Klim.

Ibid.

Mehmetoglu, M. & Engen, M. (2011) Pine and
Gilmore’s concept of experience economy and its
dimensions: An empirical examination in tourism.
Journal of Quality Assurance in Hospitality &
Tourism 12:4, 237-255.
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As part of our project ‘Naturvidenskab — der
hvor du er’ (‘Science - right where you are’) we
have explored different ways for our museum
to work with communicating science and
technology. How the two relate to each other,
for instance, and how they are weighted at

the museum compared to, say, cultural history
and inventions. These are some of the things |
reflect on in this chapter.

An ongoing topic of discussion at the museum
is our approach to technology and science.
Our Danish name — Danmarks Tekniske
Museum (literally ‘the technical museum of
Denmark’) —implies mainly technical and
technological history and objects,’ while our
official name in English — the Danish Museum
of Science & Technology —implies that we deal
with both technology and science.

The museum clearly distinguishes between
technology and science: science makes
technology possible, and we focus on science
only when it is linked to technology. Personally,
I envision the museum’'s communication and
interpretation activities as a flower that has sci-
ence as one of its several petals (see Figure 1).

The flower’s stem consists of the objects.
These are what visitors come to see, and they
are the foundation of all that we communicate.
The centre of the flower is the sum of tech-

nology embodied in the objects. Although we
do not always explain in detail how a specific
technology works, the very reason why a given
object is at the museum is that it speaks about
the development or perfecting of a specific
technology.

The way the museum communicates can
move from the flower’s centre outwards, or
inwards towards the centre. The capsule that
carried the Danish astronaut Andreas Mo-
gensen into space is one object that arouses
immense interest. With the capsule as our
starting point, we could tell multiple stories:

Sa¥
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about his long path to actually travelling into
space, which he did in 2015 and 2023 (person-
al history); about the Cold War and the Space
Race (history); about how driving directions on
amobile phone depend on satellites (you and
your daily life); or about how rockets launch

in stages, and about Newton's laws of motion
(science). We could also focus on the space
capsule’s somewhat outdated appearance
(design and aesthetics), and on the fact that
the Soyuz capsule’s design has not changed
significantly since the 1960s, the space indus-
try being cutting-edge, on the one hand, but ex-
tremely conservative on the other —once it has
something that works (creativity and invention).

In other words, for us as a cultural history
museum the stories relating to the objects can
lead in many different directions — one of which
is science. Basically, the museum’s focus is
more in line with its Danish name than with its
English name. We do not cultivate science for
its own sake, but we gladly treat science issues
that are genuinely important to society through
their significance to specific technologies.

What does our museum have to offer com-
pared to other types of knowledge dissemi-
nation? We are committed to collecting and
preserving the technologies of the past and
the present. That is why our objects are also
the natural focal point for our dissemination

activities. They are a perfect gateway to pique
our visitors' curiosity and prompt them to visit
all the petals of the flower model. As a visitor,
suddenly you find yourself next to the space
capsule, which you may have seen pictures of
before. But it is only here, only now, that you tru-
ly understand how incredibly cramped a space
it is for three adult astronauts in space suits.
There is no doubt that the museum’s physical
objects are its strongest element. These ob-
jects can tell stories, explain technologies, and
guide visitors to consider complex issues. They
can also show historical developments right
up to modern-day products, and even foster
conversations and discussions that would not
otherwise have taken place.” Our objects are
physical, and they were designed to be used.
This makes visitors curious to find out how
they were, in fact, used — especially the really
odd objects. On top of this, in aesthetic terms,
several of our objects are quite beautiful.

Physical objects have a purpose and appeal
that is very different from, say, a YouTube video.
A video can guide you very precisely through a
specific story with clear focus points. Museum
objects, on the other hand, give you freedom
to decide where you want to look and what
you find intriguing. You can look at the surfaces
close up. You can smell the oil and the wood,
whether you are examining the structures

of the oldest wooden bicycle wheels or the
earliest saddles, studying the peculiarities of
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individual bicycles, or learning how bicycles
have developed over time. There are countless
stories to dive into, each one valuable in its own
way.

Regarding our dissemination activities — teach-
ing, learning, communicating and interpreting
objects and technologies — our museum faces
a big challenge. Visitors generally feel an urge
to touch the objects, which is not permitted
because we are committed to preserving them
for posterity. Instead, we want to give visitors

a sense of the objects without their having to
touch the objects themselves. In an upcoming
project, we will test the use of replicas for se-
lected objects, or make modern versions of old
technologies available that visitors can touch
and try out. For example, visitors will be able to
view actual historic balance bicycles and other
velocipedes, then try out replicas on a small
cycling track. In our outreach activities we will
also be using more props that are authentic

objects but not part of the museum’s collection.

Current examples of this are old-fashioned
hand tools, typewriters, hand-powered sewing
machines and mechanical calculators, all
featured in our holiday activity HUS - Helt Uden
Strem (‘House — totally unplugged)’ in 2023.

Our museum wants to help promote lifelong
learning in Denmark, and we regard tech-
nology as a theme that every individual must
reflect on throughout their lifetime, ranging
from self-driving cars, to FacelD to open your
mobile, to MitlD, a comprehensive digital ID
system that Danish citizens and companies
use to gain access to everything from national
health services to tax payments online. These
are some of the new technologies everyone
living in Denmark is forced to consider, whether
they wish to use them in their daily lives or not.

We want our museum to play a dual role:
disseminating knowledge, and also promot-
ing public and private debates and knowl-
edge-sharing as an accessible meeting place.
We want to explain to children and adults how
new inventions and technologies work, but
we also want to encourage them to actively
consider which inventions they want to use,
and which ones they do not. Where is the limit
for each individual? Are there pitfalls we fear?
And where is the limit for new technologies
for society as a whole? Our exhibition Artificial
intelligence (described in Chapter 12) in-
cludes four analog games about coding, data,
intelligence and new technology, respectively.
These games also raise philosophical aspects,
especially the two that address intelligence
and technology.
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In the game about intelligence, visitors must
consider which of several items is the most
intelligent. The selection of items includes arat
trap, a pendulum clock, a calculator and other
items. This encourages players to discuss the
fundamental nature of intelligence. Initially, many
guests do not consider any of these objects

to be intelligent, but they gradually come to
understand the premise of the game and begin
to play it as intended. What we are doing here

is challenging our conception of intelligence to
shed light on the concept of artificial intelli-
gence. Are new technologies intelligent at all?
And what does it take for us to perceive them as
intelligent? The fact is, the way we think about
what artificial intelligence actually is continues
to change, as developers create new and ever
more sophisticated solutions that can take over
more and more human tasks.

In the game about new technology, we get
players to vote on various dilemmas. Do you
want artificial intelligence to plan your birthday,
decide what you eat, or serve as a politician?
Players must cast votes on these and many
other suggestions, then discuss their answers
among themselves. This process results in
interesting discussions that prompt visitors to
consider their own limits for using artificial intel-
ligence. Isn't it high time Denmark opened the
public debate on this particular topic? We do
not wish to see opposing views clash, but we do
hope to foster frank and open debate about the
future — before it is overtaken by the present.

The current museum, based north of Co-
penhagen in Elsinore, plans to move into a
soon-to-be-decommissioned power plant,

the Svanemglleveerk, in Copenhagen. This
move will give us completely new opportu-
nities, including a new setting as we transfer
from an industrial estate on the outskirts of the
modest town of Elsinore to a locationin the
Danish capital close to several Metro and local
commuter-train lines. Taking on a new role in
the Danish museum community, the museum
will have to find its place among other major
actors that disseminate science and technolo-
gy. Personally, | believe our museum's focus will
ultimately be technology and inventions. These
are clearly key areas for our museum, for Den-
mark’s industries and for the entire country. We
obviously have a role to play in this context, and
a commitment that we must continue to live up
toin our domain.

At the same time, however, | believe the move
presents a unique opportunity for the museum
to eventually assume its place as a leading
outreach institution and communicator of
applied science for older children and adults.
The Danish Museum of Science & Technology
already exhibits or keeps several objects of
crucial historical importance and interest to
science. These include the compass used

by the Danish scientist H. C. Orsted when he
discovered electromagnetism in 1820. Another
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treasure is a cyclotron from the laboratories of
the Niels Bohr Institute, used by the eminent
Danish physicist himself and others to study
atomic energy and nuclear medicine. It is my
hope that in the long term the museum can
build a firm foothold in science dissemination.
As of today, | see no national champion in com-
municating science to older children, teenagers
and adults — and this situation gives the Danish
Museum of Science & Technology an unpar-
alleled opportunity to assume and occupy this
position with skill and conviction.
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1 On ‘technical’ vs ‘ technological’: While | know of no clear-cut boundary between the words ‘technical’ and
‘technological, in this chapter | consistently use the latter. Originally, the words for ‘technical’ in Danish,
teknik/teknisk (noun/adjective pair), refer to the concrete application of science to practical purposes, whe-
reas the words for ‘technological’ in Danish, teknologi/teknologisk (noun/adjective pair), refer to the study
of technical sciences. It is my distinct impression, however, that nowadays the former Danish word pair, as
well as analogous words in other languages, are mainly used to refer to sprocket wheels, mechanisms and
other traditional mechanical apparatuses, whereas the latter word pair (and also the short form ‘tech’) mainly
refers to more recent technical and technological phenomena. This usage means that nowadays the word
‘technology’ has also come to mean concrete objects. This trend is also increasingly prevalent at the Danish
Museum of Science & Technology, where we refer even to older objects as ‘technologies’.

2 Alberti,S. J.M. M., Cox, E., Phillipson, T., Taubman, A. (2018). Collecting contemporary science, technology
and medicine. Museum Management and Curatorship 33(5), 402-427.

3 Alberti, S. J. M. M. (2017). Why collect science? Journal of Conservation and Museum Studies 15(1), 1-10.
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Humankind is currently facing a number of
problems stemming from a worldview that is
both materialistic and mechanistic.” This world-
view, allowed to dominate throughout recent
history, is closely linked to Western modernity’s
ideals of free-market forces, constant growth,
and the indisputable authority of science. The
materialistic element has led to excessive and
non-sustainable exploitation of the Earth's
human and natural resources, the direct cause
of the crises we face, which include climate
change and deteriorating biodiversity. At the
same time, the mechanistic view closely linked
to this materialism has led to a fractured, re-
ductionist way of looking at nature, which gives
humans the misconception that we can domi-
nate it.” That is why the sustainability problems
currently confronting us are also described

as a crisis in the forms of knowledge Western
modernity has produced.

Large numbers of people in the research
community are calling for alternatives to the
materialistic-mechanistic worldview. Refut-
ing the technofix approach, which foresees
technology delivering solutions without people
having to change their behaviours, these
researchers instead point out that what we
need is to implement fundamental and lasting
changes in the way we interact with the world.
An essential component in bringing about such
changes is to recognise that humanity, in its

98

entirety, has an understanding of the world that
stretches far beyond Western understanding.
In other words, a precondition for such a tran-
sition is that we make room for non-Western,
often marginalised forms of knowledge,” in-
cluding non-human ways of being in the world,
and more democratic and inclusive ways of
interacting are required to co-create the new
knowledge needed to make a sustainable
future.

| use the phrase ‘museums of technology

and industry’ in my title because it renders

the expression in my own country, Denmark,
for what English-speaking countries broadly
call 'science and technology museums’. The
subject field of these museums is scientific

and technological heritage, and they can often
trace their roots back to the great industrial ex-
hibitions of the early twentieth century.” Such
museums have the potential to be key players
in the transition | just described. This can sound
paradoxical, as today'’s science and technology
museums build in many respects on mod-
ernist ideals: technological progress, growth,
and the rationality and universal applicability

of science” — the worldview that created the
problems we face. But what these museums
need is a new narrative. As the eminent muse-
um scholars Robert Janes and Richard Sandell
have pointed out:
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More democratic and inclusive
ways of interacting are required to

co-create the new knowledge
needed to make a sustainable
future.

The museum community must move
beyond the doomed economy of
industrial growth to the recognition that
the connection between individuals,
communities, and the natural environ-
ment is the key to our collective wellbeing.
Itis incumbent upon all museums to help
envision and create this new narrative in
partnership with their communities, and
then deliver this story using their unigue
skills and perspectives.”

| propose this hypothesis: that science and
technology museums have a unique opportuni-
ty to contribute to the green transitionand to a
more sustainable future, and that this oppor-
tunity calls for a renegotiation of their core
narrative about the industrial revolution and
technological progress. In the following, | pres-
ent and substantiate certain elements of what
such a renegotiation could involve, concluding
with a few general comments about the poten-
tial museums have to put sustainability on the
public agenda.

Shifting from interpretation and
education to co-creation

The mission of science and technology muse-
ums includes communicating about ‘the cul-
tural heritage of science and technology, and
the dissemination of knowledge of its develop-
ment and importance to society.” Historically,
these museums have tended to use a rather
one-sided perspective in their dissemination
activities: the advances of industrialisation and
technology were regarded as unquestionable;
objects were seen as a sort of testimony to the
authority of science; and museum visitors were
seen as passive recipients of knowledge.”
Over time, museums adopted other angles
and communication methods, but they still

did not break with the underlying perception
that the status of science and technology was
canonical.

In recent years, grassroots movements such
as Black Lives Matter and #MeToo, along with
a wave of decolonisation, have spotlighted the
systemic inequities inherent in modern socie-
ties, institutions and norms. They have added

99

ADVHIALITALITIGYVNIVLSNS ANV ALIIDO0S ‘ADOTONHO3IL - 34NLNd 3HL 40 NNIASNIN FHL



THE MUSEUM OF THE FUTURE

TRANSFORMATION, SENSORY ENGAGEMENT AND EXPERIMENTAL PRACTICES

new layers to the conventional perception of
industrialisation, technological development
and science by pointing to various types of vio-
lation and marginalisation that have also been
part of such progress.'’ This shift offers science
and technology museums a unigue oppor-
tunity to rethink the way they communicate
and disseminate knowledge. By looking more
critically at their fields of activity, for instance by
giving marginalised groups a clear voice, these
museums can create a richer and more inclu-
sive shared understanding of technology’s role
in society.* However, this calls for a new para-
digm in their dissemination activities: Instead

of presenting canonical knowledge, science
and technology museums must become much
better at facilitating democratic co-creation of
knowledge.

The new dissemination paradigm | have
outlined demands quite a lot from science

and technology museums. For one thing, it will
require a renegotiation of the elevated status
traditionally enjoyed by the subject fields of
these museums. For another, the renegotiation
will have to take place through involving, for
instance, individuals and groups who do not
typically visit museums. But including hitherto
unheard voices in the process is not merely a
question of social justice. Researchers, schol-
ars and decision-makers have emphasised the
importance of having everyone contribute if we

are to solve the environmental crises we cur-
rently face. In the words of Antonio Guterres,
Secretary-General of the United Nations, while
addressing the high-level opening assembly at
COP27: ‘We need all hands on deck.’

Many findings suggest that aesthetic formats
can be of decisive importance to the efforts of
museums (and other institutions) to democra-
tise knowledge. Aesthetic communication for-
mats such as fiction and narratives, visual arts,
performance and theatre employ their own
ways of interacting with the world, which differ
from the purely cognitive formats of science.
This enables such alternative formats to serve
as an entryway to content that is inaccessible
to many people, also promoting interpersonal
connections based on empathy and equality.
What is more, several researchers empha-
sise the capacity of aesthetics and the arts

to stimulate questions rather than presenting
answers.'” This puts aesthetic formatsina
position to support collective investigative
processes that not only strengthen citizens’
capacity to make sustainable choices, but are
also practical and applicable — which is not
always the case for academic, hypothesis-
driven research.

Although the practice of using aesthetic
communication formats is not yet widespread
at science and technology museums, several
examples show how such formats can engage
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visitors in new ways. One was the exhibition
KLIMA X, on show in 2007-2009 at the Norwe-
gian Museum of Science & Technology in Oslo.
Visitors were given rubber boots to wear so
they could wade through a 25 cm deep layer of
water on the floor — a scenario illustrating the
problem of ice melting at the poles.’® Another
excellent example, although not one from a
museum, is the art installation Pollution Pods by
the British artist Michael Pinsky, featuring five
transparent domes that use harmless gases

to simulate the air quality in Beijing, S&o Paulo,
London, New Delhi, and the unpolluted Norwe-
gianisland of Tautra, respectively. As viewers
move through the installation, they experi-
ence how the air quality in the domes visibly
deteriorates.’” In these examples, the exhibition
or piece does not represent the sustainability
problem 1:1. Rather, they are meta-realistic dis-
plays'® that collapse time and space to bring
relevance and urgency to climate issues.

I began by framing the sustainability problems
humanity currently faces as a crisis in the forms
of knowledge that typify Western modernity.

| then proposed that science and technology
museums have great potential to address this
crisis by developing, using and disseminating
alternative forms of knowledge. Obviously,

| do not claim that science and technology
museums can handle this crucial task alone.
My point is, rather, that the museum community

as a whole has a critical and unique role to play
when it comes to preparing people to address
the problems at hand.”® Museums enjoy con-
siderable trust among the public —a position
many politicians and journalists can only dream
of —and this gives them an ideal position to

put sustainability on the agenda, credibly and
democratically.

This brings us to the question of how museums
and science and technology can actually use
aesthetic formats and transform them into in-
clusive co-creative processes. As a researcher,
I am hardly the right person to answer this. One
thing is clear, however. Museums are already
expert at deconstructing abstract scientific and
technical knowledge, then reconstructing it to
fashion tangible, sensory, social experiences.
What | therefore propose here is not meant

to disparage or detract from the expertise

of museums, but rather to serve as a sort of
epistemological and ideological rethinking or
redirection of existing practices. Allow me to
finish with another quote from Janes and San-
dell's work: ‘Everything that is required to fulfil
the true potential of museums is here — now.
There is nothing lacking.’
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The most important task of museums that are
run and/or subsidised by the state is to collect,
register, preserve, study, and interpret and
communicate about objects and heritage, and,
through these efforts, to positively contribute
to developing society and enlightening and
educating citizens. This is reflected in the pre-
amble of the law that governs such museums
in Denmark, known as the Danish Museum Act.
Itis also clear from preparatory documents
(quoted here in my translation), which support-
ed proposed amendments to this act, adopted
in 2012: ‘the knowledge obtained by the
museums must, to a greater degree, contribute
to putting current developments and debates
in society into perspective, and it must also
form part of the foundation for solving tasks
relating to [Danish] society’; and further, ‘the
societal role of museums must be strength-
ened, and the museums must contribute to the
development of society, and to educational and
formative activities that provide experiences,
inspiration, learning, critical reflection and
civic-mindedness.’

But how do museums actually contribute to
developing their societies? And what do a mu-
seum's educational and enlightenment tasks
entail today? In light of the biodiversity crisis,
climate change, technological challenges and
the refugee situation — to mention just a few
major issues today — it is now more important
than ever for museums to focus on their role
as a mainstay of society and a formative force.

106

| discuss this topic in what follows, based on
experiences and learnings from the project
‘Naturvidenskab — der hvor du er’ (‘'Science —
right where you are’), which we conducted at
the Danish Museum of Science & Technology.
Further, | offer perspectives on developing the
sustainable museums of the future. | argue that
museums must profoundly reconsider their
own practices with a critical eye, investigating
the ways in which they are connected to their
environments —human and natural, local and
global. They must reassess how they are
actually helping to foster social and cultural
sustainability for all citizens in the societies they
serve.

Although it lies in every museum's DNA to

be a formative and informative institution for
the public at large, different museums have
different approaches to, and different under-
standings of, their own specific role in terms of
Bildung. This German educational concept has
an almost direct parallel in Danish: dannelse, a
word that also means formation, shaping, and
coming into being, and is very widely used in
educational circles and elsewhere in Denmark,
as discussed below. The Danish linguistics
scholar Hans Arndt has pointed out that our
concept of dannelse consists of two main
elements: ‘Partly some values or attitudes that
have to do with other people and ways of relat-
ing to others, and partly a body of basic general
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knowledge that enables us [to] understand the
world around us, both the society we live in and
the physical world.” This is the context in which
many museums, in Denmark and elsewhere,
perceive themselves as places that encourage
Bildung and lifelong learning. At museums you
can learn about all sorts of different subjects,
expand your horizons, have your own views
confirmed or challenged and — at times —re-

flect on how you think society ought to develop.

Previously, the Danish Museum for Science

& Technology mainly focused on conveying
technical knowledge and facts about objects,
the year of production and horse power of

a steam engine, for instance, focusing less

on how the steam power as a technology
changed societies. Although steam engine
technology is rarely used today, at our museum
we can take an interdisciplinary approach and
use this technology, for instance, to illustrate
different perspectives on the evolution of mod-
ern society: on the one hand showing all the
benefits many of us would hate to live without;
on the other hand telling how this technology
helped set in motion the climate changes we
see today. Such a practice must necessarily
entail developing a new approach to the muse-
um's educational and formative activities —an
approach that goes beyond the conventional
one-way communication so typical of most
dissemination activities at most museums.

The Danish concept of dannelse, and other
similar Bildung concepts in other languages,
are a subject of ongoing debate, and defini-
tions and boundaries are constantly being
challenged: What is a formative education™?
And what does being a ‘well-educated citizen’
really involve? Today, authors and public voices
in Denmark are using the concept of dannelse
about digital and technological literacy, creativ-
ity, science, mathematics, nature, sustainability,
and practical skills.

At the Danish Museum of Science & Tech-
nology we are continuously discussing and
investigating how we can promote and develop
science literacy among our visitors. This is the
central question in our project ‘Science —right
where you are'. It grows from our conviction
that we need to take a fresh approach to the
roles that science and technology play in

our society. It has been a prevailing view that
knowledge about these areas is less important
to a person's general dannelse than knowl-
edge about fields like art and culture, or the
workings of society. In other words, a person
who can name winners of the Nobel Prize in
literature is regarded as more accomplished
than someone who can name Nobel laureates
in physics or chemistry. A case in point from
Denmark is that in 2006 our ministry of culture
published a canonical collection of the most
important Danish contributions to architecture,
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film, music, literature, and other fields in the arts.
However, we have yet to see a similar collec-
tion that showcases eminent Danish contribu-
tions to science, technology, engineering and
mathematics.

No matter how many notions of Bildung and
literacy we identify or introduce, they are all
paradigms that scaffold the formation of what
is often called a well-rounded person, in lay
terms. Historically, notions of what makes for a
well-informed, educated citizen have changed
in step with how societies have developed. If
we want to enable museum visitors to use what
we offer in understanding and acting within
the society that is theirs, we must add new
dimensions to the concepts we use. Bildung,
dannelse, literacy — they all need new dimen-
sions which take sustainable development into
account, and which take an active and inter-
disciplinary approach to addressing ongoing
debates about sustainability

One possible way to approach the formative
role of museums is to think about how we

can promote the relatively new concept of
‘sustainable Bildung'. This concept, developed
by the Danish leadership authors Lene Belling
and Leif Frandsen, is defined as follows (in my
translation): ‘Sustainable Bildung is a holistic
approach that expands a person’s general
formative education with science literacy,

existential self-formation, and the moulding

of a heart.” Belling and Frandsen emphasise
community, and a person’s sense of communi-
ty, as animportant part of their general Bildung,
also involving traditions, democracy literacy,
cultural spheres and interpersonal relations.
Existential self-formation, on the other hand,
focuses on the individual, and it is about
‘knowing oneself' and being rooted. Science
literacy is our knowledge about the world and
the universe, and about how we affect the
Earth with our technologies, so this aspect
notably encompasses the UN-defined concept
of sustainability literacy. Finally, the moulding
of the heart is our ethical compass, our feeling
of connectedness with other people and with
nature, and our capacity to empathise. Taken
together, these four formative aspects point
towards a sustainable notion of Bildung.

The concept of sustainable Bildung gives
museums a framework they can use to rethink
their roles and practices. This in turn paves

the way for museums to take on new roles in
society and become more active in sustainably
transforming society. By virtue of their collec-
tions, knowledge and experience as formative
institutions, museums are well positioned to
frame their activities in terms of sustainable
Bildung. The Danish concept also suggests
interdisciplinary methods and approaches that
ought to serve as a starting point for museums’
creative and knowledge-producing work, more
so than they do today.
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Expanding the Danish concept of dannelse
with sustainable Bildung must and should
challenge existing museum practices. This
does not mean museums should distance
themselves from their historical perspective
when working to fulfil their formative role for
the public. What it does mean is that museums
should also help to frame collective processes
in which, taking their cue from the museum’s
collections and knowledge production, people
can imagine and conceptualise possible
futures.

Museums must actively consider experiences,
knowledge, views and feelings from citizens,
across different cultures and social settings,
and taking a local and global perspective. The
point of this is to reach out to the wider public
and acknowledge different people’s cultural
and social preconditions, and to frame the
museum's knowledge in various contexts that
are relevant and meaningful to people. Muse-
ums must present high-quality knowledge, but
they must also lay it open to debate, inviting
visitors into the museum’s engine room where
new knowledge and visions for the future are
shaped.

In the ‘Science - right where you are’ project,
our museum has worked to create a frame-
work where we investigate with our visitors
how we should use artificial intelligence in the

future and what role we want it to play in Den-
mark. Among other things, we have developed
a game where participants debate, reflect and
vote on artificial intelligence in various spheres.
Their votes indicate where they think artificial
intelligence should be used, and where they
find it important to maintain human relations
and decision-making capacity. From a sustain-
able Bildung perspective, this game speaks not
only to the players' self-formation but also to
their heart-moulding, as players must consider
ethical and moral aspects of using artificial
intelligence in a society and how it willimpact
us as humans.

Artificial intelligence is associated with several
issues that are sometimes referred to as
‘wicked’ problems because they are so elusive
and hard to handle,” partly because there is
no right or wrong way to solve the challenges
technology presents. Also, technology is not
developing in one specific direction. What
museums can do is facilitate investigations of
wicked problems such as artificial intelligence,
climate change or pandemics by establishing
an interdisciplinary practice in which various
knowledge paradigms are recognised and
included.

If museums are to foster sustainability literacy
and promote sustainable Bildung, their prac-
tices will need to be up to this challenge. This
means we, as museums, will have to rethink
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the experiences and activities members of
the public meet when they visit us. Museum
formats must achieve an even better balance
between past, present and future, and in
staging knowledge, views and perspectives we
must ask both down-to-earth questions and
existential questions. Museums must also be
cross- and interdisciplinary and create secure,
safe and inclusive spaces for co-creation and
collective knowledge production, engaging
visitors among themselves and alongside the
museum’s employees.

These are the seeds of a new, sustainable
museology. A museology that helps museums
to re-enchant the world, opening gateways to
things unknown and magical — things we also
find in nature and science. A museology that
encourages museums to invite the publicin, as
we investigate questions and thorny issues to-
gether and find ways to move towards a more
balanced world.

1

Consolidated Act on Museums, Executive Order
No. 1505 of 14 December 2006 (translation in Eng-
lish), https://slks.dk/fileadmin/user_upload/kultur-
arv/english/dokumenter/Consolidated_Act_on_Mu-
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Let me begin with an appeal embodied in the
title of an exhibition by the Icelandic-Danish
artist Olafur Eliasson: “Y/Our future is now!’
Museums too should seize the day and invite
their visitors to take part in shaping the future,
bravely and competently. Obviously, it is in-
herent in the nature of museums that they work
to preserve and care for a collection, making

it available to, and suitably interpreting it for, a
contemporary audience today. The present

is always balancing between the past and the
future. But imagine what would happen if we
brought the future and how we want to shape
it more actively into our self-perception as
museums with a mission and responsibilities to
fulfil? Imagine if we thought of our museum as
an institution that uses its collections as a lever
to help people of all ages become better at
navigating in the future and creatively imagin-
ing what Danish society and democracy can
become.

Many people regard artificial intelligence as
the most groundbreaking invention since
electricity. What if an eager journalist stopped
you on the street for an interview and asked
you what artificial intelligence is, and where
you think it can best be used. You might initially
find yourself stumped, then recall that artificial
intelligence has something to do with process-
ing enormous data volumes in a split second,
and producing answers to all sorts of ques-

tions. Some might reply, ‘Rapid relevance! To
be honest, personally | felt somewhat anxious
ina similar situation. As part of a group exercise
| was playing a traditional, analog board game
designed by the Danish Museum of Science

& Technology when | was asked the question:
What do you think should be taken over by
artificial intelligence in the future? My reaction
was: Do | know anything at all about this topic?
Can | be part of exploring answers, preferably
sensible answers, to questions about such a
newly emerging and difficult issue?

| was part of a group consisting of people from
different academic fields: anthropology, history,
biology, science didactics and art history. As a
sort of alignment exercise, we were all asked
toindicate our preferences for using artificial
intelligence in a welfare society (such as our
own country, Denmark). My experience was
that during this exercise, within the given
framework, it became possible to reflect on
the questions we were given about where
artificial intelligence ought to be used: When
arapid-response team arrives at the scene of
an accident and the doctor must begin first aid
immediately? For incoming emergency calls
to 9117 In caring for the elderly at a residential
care home? Or when a politician wants a like-
able and (highly) intelligent avatar as their alter
ego on social media? Which public welfare
services will artificial intelligence be able to
replace? Which would it be able to support?
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The simple framework we had, a board game,
made it possible to reflect on difficult questions
and dilemmas about an extremely relevant and
complex issue that is high on the agenda today.
Not surprisingly, our group found it hardest to
envision artificial intelligence solutions taking
over in care-giving situations. How can artificial
intelligence enrich our lives? How can we use

it to handle challenges and create positive
change? And in what situations would we really
prefer to have the decisionmaker be a genuine
human being?

Another alignment exercise asked us to
arrange a small assortment of objects from
the museum’s collection on a scale ranging
from ‘least intelligent’ to ‘most intelligent’. The
assortment consisted of a rat trap, a thermo-
stat, a robotic vacuum cleaner, a responsive
children’s doll, and a children’s book that reads
aloud when the child passes an electronic
device across a variety of bar codes. How do
you think you would arrange these things? And
can inanimate objects be smart?

The actual exercise was laid out on a table,
around which we stood discussing the ques-
tions. Here we were, surrounded by similar
objects from the museum'’s collection. They
had informative texts with facts and information
about their design and technological history
that put them into context for us. These objects
served as a sort of informative lifeline that

we, the participants, were free to use. With its
expansive patterning of objects from various
times and contexts, the museum offers itself
as an enormous analog database, a selection
of reference works consisting of physical,
real-time online-type searches.

This exhibition, an experimental zone wedged
in among the museum’s collections, opens an
opportunity for rapid relevance —a museum in
beta-testing mode. The basic idea behind this
zone is to create a space to study and explore
different dissemination initiatives without
breaking up and altering the entire scaffolding
of the exhibition within it. The experiment zone
allows us to test and research on particular
modes of staging, and to present and combine
works and objects to reflect the hottest, most
relevant topics. Furthermore, this zone enable
us to study and explore the needs of specific
target groups. What seems to be a small
experiment gives us, as museum professionals,
not only confidence in using the format but also
learnings we can take away and use later in the
museum's exhibition practice.

The American social psychologist David A.
Kolb has developed a framework within which
we can understand the fundamental pro-
cesses of learning. In his experiential learning
cycle, Kolb divides the learning process into
four phases: experiencing, reflecting, thinking,
and acting. Building on his work, two Danish
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organisational theoreticians, Gitte Haslebo
and Kit Sanne Nielsen, suggest combining

the two different dimensions — an individual
learning cycle, and an organisational/collective
learning cycle — to obtain a change model, an
action-based approach to implement change
in an organisation.’ This coupling of individual
learning and organisational learning is rooted in
their reading of Kolb combined with works by
the American knowledge-transfer consultant
Nancy Dixon.

The first step in Kolb's model is a concrete ac-
tion and experience; Dixon likewise begins by
generating knowledge and information. Kolb's
second step is to reflect on the experience; in
Dixon's step two, the gathered information and
new knowledge must be integrated into the
organisation. In the third step of Kolb's model,
the individual draws conclusions from their
reflections on the experience; in Dixon's or-
ganisational learning process, this third step of
interpreting must take place collectively. Such
a collective interpretation process is quite de-
manding for the organisation, as different and
diverging views and perspectives must be able
to interact playfully, ultimately becoming a col-
lective interpretation. Once this has happened,
the fourth and last step for Dixon, like the fourth
step in Kolb's model, is to act on the basis of the
interpretation —and here, to act means to test
the interpretation. At the same time, the action
generates new information, which in turn calls

for new integration and interpretation, and so
the cyclical process continues.

The Danish Museum of Science & Tech-
nology’s experimental exhibition zone about
artificial intelligence is laid out as a laboratory
setting in which the question under scrutiny is
examined and cross-examined from different
angles and fields. The experiments result in
new perspectives, new lenses through which
to scrutinise the topic, and new gateways into
the collection and the rest of the museum. The
visitor becomes able to see new patterns and
new lines that run across historical periods. As
for our group, even though all members tended
to rank the most recent digital inventions at
the top, as the most intelligent, the anthropol-
ogist pointed out that of the assorted objects
available, he definitely regarded the rat trap

as the most intelligent invention. Not only was
it a manifestation of a very intelligent culture,

it was also a radically new part of an entirely
new culture and way of organising society. By
means of invention, humankind became able to
catch or trap animals without being present at
the site themselves. This innovation helped to
shape a new future.

For visitors to the museum, it becomes clear
that the artificial intelligence exhibition labo-
ratory, while highlighting the archive, the col-
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lections and the museum, also challenges the
conventional narrative, which is fundamentally
about the benefits of constant technological
progress.

The exciting thing about having several activi-
ties revolve around one basic question —in this
case: How intelligent is artificial intelligence
really, and how does it work? —is that this
format enables us to regard the museum as

a living laboratory. In a laboratory you work
with a question and a number of hypotheses,
testing them in the form of prototypes that you
can inspect, touch, examine and learn from.
The advantages of regarding the museum as
alab is that good questions engage visitors
and spark important reflections and conversa-
tions. If the basic question is compelling, it can
engage and inspire at multiple levels: from the
scientist who posed the question, it passes to
the museum educator, guide or host, and from
there to the museum’s visitors and even to
influential experts outside the museum. Interest
in the issue can also seep out through personal
communications and social media, reaching a
wider audience as an interesting and relevant
impulse for other people and public forums.

The visitors eventually realise there is no final
answer. They see that exploring the question

is endless, and that the museum’s researchers
and educators are on a genuine journey of
discovery alongside them. This makes them
feel that there really is something at stake in
getting involved. That they are being invited
into an actual process of co-development. To
ensure that this openness and truly explorato-
ry aspect is clear to visitors and to the public

in general, it is important to present and give
access to hypotheses and prototypes, both in
the museum’s physical space and onits digital
platforms. When we do this, we also need to
clearly explain how we work with prototypes
internally and in collaboration with selected
external experts and our visitors. Ultimately, this
means the next visit will always offer something
new.

1 Dixon, N. (1994). The organizational learning
cycle: How can we learn collectively. London:
McGraw-Hill; Haslebo, G. & Nielsen, K. S. (1997).
Konsultation i organisationer - hvordan mennesker
skaber ny mening [Consultation in organisations
— How people create new meaning]. Copenha-
gen: Dansk Psykologisk Forlag; Kolb, D. A. (1984).
Experiential learning: Experience as the source of
learning and development. Hoboken: Prentice-Hall
Inc.

2 Through various conversation formats, Nadja
Pass and Helle Solvang have rethought the salons
of the Danish Golden Age 1800-1850 and iden-
tified the museum as a laboratory with a social
calling.
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Newton i rummet (Newton in space)

Newton i rummet is an existing educational programme for the age group 14 to 16 that was further
developed for the project.

From February 2022, at the Danish Museum of Science & Technology.

To find good ways of getting more pupils to actively participate.

Groups/classes of pupils in the eighth, ninth, and tenth grade.

How can we get more pupils to participate actively in the educational programme?

The existing educational programme Newton i rummet was already popular among teachers and
pupils. Originally, the first session started in the exhibition around the space capsule that trans-
ported the Danish astronaut Andreas Mogensen into space in 2015. Here, in dialogue form, the
educator and the pupils discussed the space race and the Cold War, gravity, and Isaac Newton's
three laws of motion. The class was then split up into five groups that rotated among five stations,
including a fall experiment and an action—reaction experiment. We wanted to investigate how we
could get more pupils to participate actively, since there were always some who stayed at the back
or whose attention seemed to wander.

Using new elements, such as basing conversations on pupils’ own reflections and including more
physical props when explaining science aspects, we were able to activate more pupils. In particu-
lar, the dialogue-based element was inverted, in the sense that the pupils’ own experiences and
voices were given a more prominent role. At times the museum educator therefore seemed to be
more like a mediator or facilitator of the group's discussions than a presenter.



APPENDIX

A good starting point is to begin with what the pupils investigate in the exhibition on their own
and what they find most absorbing. Small tasks can be linked to their investigations, such as:
‘Now let's look only at the space capsule. Do you notice anything in particular?’

When there is a change of topic, the educator should also physically change to a new location
in the exhibition, thereby shifting pupils in the back row to the front row and vice versa. This
gives pupils whose attention is wandering a good opportunity to jump back in, and it helps
everyone feel equally seen regardless of whether they were initially in a ‘good’ or ‘bad’ spot.
Activity, chitchatting and fidgeting do not always indicate that pupils are not participating in the
educational session.

Physical props should be used to support scientific or educational points, preferably props that
are recognisable and will activate the pupils.

Having the pupils discuss in pairs before the full-class session allows them to practise using
technical terms, and also bolsters less confident pupils in speaking out loud.
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Farlig viden (Dangerous knowledge)

Farlig viden is a free, self-guided riddle hunt in which teams of two or three people walk around the
museum together, solving riddles in the various exhibitions.

From April 2022, at the Danish Museum of Science & Technology.
To offer a fun and exciting shared experience for young adults visiting the museum.
Young adults unaccompanied by children; ideal for a date.

Can we use ariddle hunt around the museum to give young unaccompanied adults a
positive, facilitated, shared experience?

The riddle hunt team is given a small box containing everything they need. They follow a map
round the museum to find seven numbered riddle stations, each with a card detailing the riddle
they must solve. All riddles are to be solved within the exhibition and are linked, to a greater or less-
er extent, to the museum’s objects. The riddle hunt begins with a personal letter, and the narrative it
opens is carried forward by each new riddle solved.

The riddle hunt is an attempt to engineer an activity that is clearly a shared experience. For one
thing, it includes two riddles that cannot be solved by one person alone. In addition, each riddle
card contains a bonus question — such as ‘Would you take a trip into space together if you could?’
—intended to prompt conversations leading beyond the ordinary and supporting the shared
experience.

The riddle hunt follows the style known from escape rooms and similar activities and games.
The aim is to attract young adults, currently an under-represented group at the Danish Museum of
Science & Technology.



APPENDIX

» This sort of riddle hunt can be a fun shared experience for adults unaccompanied by children,
and also for adults with older children.

» Incorporating the museum'’s objects or physical items in the riddle hunt increases dialogue and
collaboration.

* New visitors make their way around and into all parts of the museum; repeat visitors see parts
of the museum they have not seen or noticed previously.

* Ariddle hunt gives visitors an opportunity to use the museum in a different way.
« Participants can, on the other hand, become so absorbed in the gaming element that they
overlook parts of/the rest of the exhibitions.
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The Future was Here

The Future was Here was a popup exhibition in Copenhagen Airport, where travellers could stop
and take a break while seeing some of the museum’s objects.

From April 2022 to August 2023, in Copenhagen Airport.

To reach some of the people who do not normally visit the museum.

Travellers in Copenhagen Airport.

How can we use a popup museum in Copenhagen Airport to create active actions,
conversations, involvement in and signs of engagement with science and technology?

The Future was Here was a popup exhibition temporarily displaying a wide variety of objects from
the museum’s collection and giving a flavour of the experience visitors can expect at the Danish
Museum of Science & Technology in Elsinore. There were information panels about the history of
Danish aviation and about pioneering aviators, male and female. Other panels explained how an
airplane can fly, and how we can achieve fossil-free air travel in the future.

With this exhibition we wished to reach a target group that does not normally visit our museum. We
subsequently determined that some people had come to visit the museum in Elsinore because
they had seen the popup exhibition at Copenhagen Airport. This exhibition, open for nearly a year
and half, had more than 420,000 visitors.



APPENDIX

» Well-known objects like a ‘penny-farthing’
velocipede, an antique telephone or arace
car presented in fetching scenography
can attract visitors’ attention and prompt
conversations about nostalgic memories of
their own past, the good old days, and how
the objects were used back then.

* Less well-known objects can then hold
visitors' attention, make them wonder, and
prompt associated conversations.

* Ingeneral,itis people who seem to feel at
home with science and technology who
naturally begin to talk about these issues in
an exhibition.

» Visitors across genders and age groups
found the exhibition's contents and aesthet-
ics appealing.
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Frihed pa to hjul (Freedom on two wheels)

Frihed pa to hjulis a further development that builds on the museum’s bicycle exhibition, using
new modes of communicating and interpreting and adding contemporary bicycles.

From June 2022, at the Danish Museum of Science & Technology.
To make visitors think actively about an everyday technology.

Non-professionals and people outside the cycling community, since our aim is to prompt people
to reflect on a technology they do not think about in their daily lives.

How can we make technical knowledge interesting and accessible for non-
professionals?

Frihed pa to hjul displays part of the museum’s unique bicycle collection. Bicycles hold a special
place in Danish history and culture, and the vast majority of Danes can relate to the exhibition
theme, as many use a bicycle daily or as basic transportation. Our exhibition highlights the in-
triguing and convoluted evolution of various bicycle types throughout the late nineteenth century.
We use three stop-motion films to illustrate and describe how the bicycle developed from early
balance bicycles without pedals through to their modern configuration. The films show, and directly
link the information to, the bicycles on display.

The exhibition also contains special bicycles from the early 1900s as well as a collection of tricy-
cles and professional tandem bicycle from the 1960s, juxtaposed with a state-of-the-art bicycle
from Denmark’s national track cycling team.



APPENDIX

» Recognisable, iconic objects like an antique ‘penny-farthing’ velocipede or a cargo bike attract
attention and are good at sparking conversations.

* Placing educational and communicative videos close to relevant objects creates a clear link
for visitors.

» Linking multiple headphones to the same video enables visitors to share the experience.

» Anexhibition about bicycles is relatable for visitors (at least Danish visitors) of all ages.
Older models prompt grandparents to tell their own stories to their grandchildren.

» |t can be difficult to maintain focus in a large space with many other audiovisual impressions.
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Opfind din drommecykel
(Invent the bicycle of your dreams)

Opfnd din drammecykel is a workshop activity where visitors can draw their own bicycle, just as
they dream it could be, and afterwards position themselves in front of a green screen and see
themselves sitting on the bicycle they drew.

Summer holidays 2022, at the Danish Museum of Science & Technology.
To prompt visitors to think about an everyday technology they often take for granted.

Families with children (although adults visiting the museum without children also participated in
this activity).

Using play and creativity, how can we prompt new thoughts about everyday
technology?

Opfnd din drammecykel is a workshop activity where visitors can have fun together drawing the
bicycle of their dreams. They can then position themselves sitting on a stool or something similar in
front of a green screen, which makes it look as though they are sitting on the bicycle they just drew.
The system takes a picture that can be sent to the visitor.

The idea of drawing a bicycle from scratch is meant to stimulate visitors to think creatively about
how one might design a bicycle — a technology many people take for granted. To enable small
children to take part as well, the workshop has colouring sheets with preprinted bicycles available,
and we encourage children to outfit their bicycles with extra features like booster motors, tassels
on the handlebars, wings, or whatever takes their fancy.



APPENDIX

» Visitors of all ages find this activity entertain-
ing, and many stay for quite along time.

» There is more creative thinking when
people have a freer framework, compared
to colouring in a preprinted drawing, for
instance.

» Activities with an element of recognisability,
in this case drawing, can motivate visitors to
try out unknown elements, such as playing
with a green screen.

» (Offering activities that allow visitors to
become absorbed and also to be active
works well.

*  Some visitors prefer to engage only in the
drawing (absorption) activity; others prefer
to engage only in the greenscreen (active)
activity; and some have fun with drawings
left behind by previous visitors.

» Combining analog and digital elementsin a
single activity offers new opportunities to be
creative.
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The Grand Departure

The Grand Departure is a four-hour educational programme specifically developed for students at
vocational schools who have just started on education programmes there.

From May 2022 to October 2022, at the Danish Museum of Science & Technology.

To investigate whether we can make the Danish Museum of Science & Technology an attractive
place for vocational school teachers and students, as our museum is in a unigue position to devel-
op inspiring, subject-relevant content for these students in particular.

Students from vocational schools, taking ‘Basic introductory course, module 1.

Can we design a targeted educational programme to give vocational schools an experi-
ence that makes them feel the Danish Museum of Science & Technology has something
to offer them?

The Danish vocational school community has been looking for activities that can strengthen the
general level of education among their students. The Danish Museum of Science & Technology
would therefore like to contribute by making the first part of their school-based education more
relevant and applicable. Further, we want to help students recognise that skilled workers also play
an important role in society.

The students go on arelay race around the museum, visiting three stations dealing with industry
and craftsmanship, space rockets, and energy and sustainability. These sessions are followed by a
concluding full-class session. Here, students go through a teambuilding exercise where, in groups,
they must build a bridge that can hold one student’s weight. This educational programme contains
various formats, including audio narratives, hands-on activities and quizzes. This variation aims

to speak to different learning styles, to avoid uniformity, and to prevent students from becoming
bored.
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» The students should be told before they
arrive at the museum what the day will be
about and what will be expected of them.

* The students should be met with respect,
interest and openness.

» Hands-on exercises and activities in which
students investigate or construct something
allow them to experience a museum as
more than a ‘boring’, formal’ place.

» Educational programmes become more
relatable and more relevant for students
when they are developed in collaboration
with subject teachers from the schools.

* Objects should be included that the target
group can recognise and may find fascina-
ting, such as a Tesla, fighter jets or motor-
cycles.
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Kunstig intelligens (Artificial intelligence)

We developed a combined exhibition and learning space with artificial intelligence as its theme.
This space contains four board games that can be used both in teaching and as a facilitated
activity for holiday and weekend visitors.

From June 2023, at the Danish Museum of Science & Technology.

To investigate whether it is possible to design a highly functional combined exhibition and learning
space in which the museum’s objects are actively included in educational programmes. The
games are intended to give visitors insight into a topic that is both academically and philosophically
difficult, and also to prompt discussions about and reflections on the topic.

Pupils in the eighth, ninth and tenth grade, and other visitors aged 12 and up.

How can the museum’s objects and gamified activities promote new perspectives and
debates about a topic as complex as artificial intelligence?

For this experiment, the project group developed three principles to support development and

evaluation of our dissemination initiatives. (The application of these principles is described in

Chapter 3.) The three principles are:

1. Theinitiatives should stimulate visitors to be active in action, thought and dialogue.

2. Thenitiatives should be based on recognisable everyday technologies, issues or experiences
that are relatable for the target group.

3. The initiatives should support shared experiences.
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Kunstig Intelligens is an exhibition and learning space that encourages visitors and pupils to reflect
on and discuss their attitudes to using artificial intelligence, both now and in the future. The space
is divided into three areas. One is ‘Coding’, which can be regarded as the engine behind artificial
intelligence; another is ‘Data’, which can be regarded as the engine's fuel. These two combine to
create artificial intelligence. Then, as the third area asks: What is "Intelligence?

The Coding area shows older and more recent programmable machines, presenting the user with
digital code lines, algorithms and digital programmes. In the game, participants code their own
figure to move to a certain place on the board without bumping into the other players’ figures along
the way.

The Data area focuses on personal data. Do the participants share their data, and do they feel
comfortable about doing so? In this game, players must guess the identity of a well-known figure
by choosing among a selection of answers given to particular questions. The game is meant to
make players reflect on the issue of good data and bad data, and on what data other people can
find about the players themselves online.

The Intelligence area treats the philosophical aspects of artificial intelligence. Here, visitors can
explore their own perception of whether —and if so, when — something is intelligent. Here, they
find everything from a rat trap to an old-fashioned telephone, a calculator and a robotic vacuum
cleaner. In this game participants rank seven of the exhibited objects from the least to the most
intelligent. There is no right or wrong answer, but players are stimulated to discuss the question of
what intelligence is.

In the educational programme in this space, pupils play the games described above and explore
the objects in the exhibition. The last session is a game where pupils discuss and then vote on
what they would like to have artificial intelligence do in the future. Would they like to have a politi-
cian or teacher in the form of artificial intelligence? Or would they like to see artificial intelligence
care for animals, or care for and entertain them when, someday, they themselves enter a residen-
tial care home for the elderly?
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Dialogue-motivating games work well to
produce shared, activating and debate-
generating experiences revolving around
philosophical topics.

Games should be extremely simple and
intuitive, so participants can play them
without reading any rules.

Games can compel players to take a posi-
tion on complex topics which, as museum
visitors, they may previously have felt they
could not do because the topic had nothing
to do with them.

A debate-generating exhibition activates all
visitors, enthusiastic and sceptical alike.
The museum’s collection can be brought
into play in other ways, by exhibiting objects
in new constellations that reveal surprising
perspectives on a current topic in the public
debate.

As a general rule, schoolchildren do not
read information panels and object labels
in exhibitions unless they are specifically
instructed to do so.
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Marianne Achiam is an associate professor
at the Department of Science Education at the
University of Copenhagen, where she heads
the Science Communication research group.
In her work as a researcher, teacher and edu-
cator in science communication she explores
how crossdisciplinary and aesthetic methods
can be used to create effective and engaging
ways of demonstrating and teaching about
sustainability. Marianne runs three courses

in science and research dissemination for
students at the University of Copenhagen. Her
papers have appeared in a number of interna-
tional peer-reviewed journals.

Martin Aggerbeck was a curator at the
Danish Museum of Science & Technology from
2021t0 2023. He holds a degree in design
engineering and a PhD in materials technology.
He was part of the museum's project ‘Natur-
videnskab —der hvor du er’ (‘Science - right
where you are’), which developed new ways to
communicate about science and technology
issues. He was also involved in the exhibitions
Sort energi & grenne hab (Black energy &
green hope) and Niels Bohr (about the Danish
physicist Niels Bohr). Martin has previously

worked with the dissemination of science, and
with creativity and design processes at Aal-
borg University and at the Experimentarium in
Copenhagen. He now owns and runs his own
company, Idefu, based in Copenhagen.

Karina Magnussgn Andresen is a consul-
tant with the Danish body NEUC, The Eval-
uation and Development Centre for Science
Education (run collaboratively by the De-
partment of Science Education, University of
Copenhagen, and Astra, The National Centre
for Science Education). Here she provides
guidance and evaluations for teachers and
educators working with science development
projects. Karina has a background in teach-
ing mathematics and science, and she has
conducted practical and theoretical work to
promote the development and assessment of
science teaching in Danish primary schools.
She holds a master's degree in educational
science.

Peter Bjerregaard is programme manager at
the Danish Museum of Science & Technology.
His PhD specialisation was the modern ethno-
graphic exhibition. He has previously worked
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as an exhibition consultant at the Museum of
Cultural History at the University of Oslo as part
of the team that renewed the entire muse-
um’s exhibition spaces. He has edited several
anthologies, including Materialities of passing:
Explorations in transformation, transition and
transience (Routledge, 2016); Kollaps: Pa
randen av fremtiden [Collapse: On the brink

of the future, in Norwegian] (Dreyers Forlag,
2018); and Exhibitions as research: Experimen-
tal methods in museums (Routledge, 2020).

Lene Christensen is a special consultant
with the Danish body Astra, The National
Centre for Science Education, where she is the
programme manager for Masseeksperimentet
("The mass experiment’, a series of Danish citi-
zen-science projects for primary school pupils)
and Testoteket (‘The testo-theque). She also
acts as didactic consultant for crossdisciplinary
projects, including projects about the interplay
between out-of-school learning environments
and education in primary and secondary
schools. Lene has previously worked in the
outreach department at the Copenhagen Zoo
and has been the head of outreach activities at
the Esrum Abbey and Millyard medieval centre.

Jens Refslund Christensen, director of the
Danish Museum of Science & Technology,
runs the museum in its current formin Elsinore,
North Zealand, and is responsible for devel-
oping the new museum, which will be housed
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in the buildings of what is now the Svanemal-
levaerk power station, in the northern part of
the Port of Copenhagen. He has previously
played a leading role in major transformation
processes: at the Royal Theatre, as production
manager while the Royal Opera House and
the Royal Playhouse were under construction;
and as head of construction development and
commercial manager during the building of the
new Natural History Museum of Denmark. He
has also previously been production manager
and commercial manager at Jstre Gasveaerk
Theatre and at Teater Republique, both in
Copenhagen. He holds a degree in production
management from the Danish National School
of Performing Arts.

Jacob Thorek Jensen is a curator at the
Danish Museum of Science & Technology,
where he has worked since 2016. He has
organised exhibitions there on various topics,
including the smartphone and digital media,
gaming, artificial intelligence, and human bases
in space. He heads the project ‘Naturvidenskab
—der hvor du er’ (‘Science - right where you
are’), in which the museum has been develop-
ing new ways to communicate about science
and technology issues. Jacob has previously
worked at the Workers Museum and with the
Agency for Culture and Palaces. Since 2022
he has also been the vice-chair of CIMUSET,
ICOM International Committee for Museums
and Collections of Science and Technology.
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Berit Anne Larsen is the director of learning
and art interpretation at SMK, The National
Gallery of Denmark, Copenhagen. She has
previously worked at the Danish modern art
museums ARKEN and Louisiana, and has
also been an assistant professor teaching art
history and film and media sciences at the Uni-
versity of Copenhagen and Aalborg University.
She holds a master’s degree in modern culture
and cultural communication from the University
of Copenhagen, as well as a master’s degree
in public governance from CBS, Copenhagen
Business School. She is currently working to-
wards the 2025 opening of SMK'’s new branch
museum at the opposite end of Denmark, in
the North Jutland region of Thy.

Katia Bill Nielsen is a postdoctoral fellow at
the Department of Science Education at the
University of Copenhagen. She has a degree
in anthropology and a PhD in university-lev-

el didactics. Her main research topics are
students’ choices of university programmes,
and perspectives on science. She is part of the
research project SCOPE, which aims to investi-
gate how children and young people view and
relate to science as a school subject and an
academic field, and on how this develops over
time.

Birgitta Praestholm is the head of learning
activities at the Danish Museum of Science
& Technology, where she has worked since

2019. The project ‘Naturvidenskab — der hvor
duer’ (‘Science - right where you are’) is one
of the many projects in which she has been
involved. She previously worked for DR, the
Danish Broadcasting Corporation, for 16 years,
beginning her apprenticeship there in 2003
as a graphic web designer. She moved on to
the position of web editor for DR Kultur (at
drdk/bog/film/teater), then joined the team
behind the cultural programme Den 11. Time
(‘the eleventh hour’). In 2008 she joined the
educational department, DR Undervisning,
developing teaching materials with a variety
of partner institutions such as Frederiksborg
Castle (now a national history museum), SMK,
The National Gallery of Denmark, and Sex og
Samfund (a sexual and reproductive health
education portal).

Majken Svendsen works as a special
consultant with the Danish body NEUC, The
Evaluation and Development Centre for Sci-
ence Education (run collaboratively under the
Department of Science Education, University
of Copenhagen, and Astra, The National Cen-
tre for Science Education), where she works
with the assessment of projects in science
development in the field of education. Majken
has several years of experience with develop-
ment and evaluation projects relating to social
intervention programmes and education. She
holds a master's degree in political science.
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Technology is a central element in humanity’s narrative. For better
and for worse, our ability to develop and use technology has been
decisive in shaping our lives as individuals, and indeed in the role
humans now play on Earth. But the opportunities that technological
progress has given us also mean that in today’s world we depend
on technologies that few of us understand at a deeper level, or find
transparent.

In these changing times, science and technology museums around
the world are grappling with hard questions. What themes,
methods and formats are needed if technology is not merely the
story or history of how machines developed, but also a question of
democratic rights, climate issues and ethics? And how do science
and technology museums address and engage with their visitors
given that, fundamentally, their target group should not merely be
people interested in technology, but a wider public who use
technology every day?

This publication presents a series of reflections on how museums
can actively serve as fruitful forums where technology can be
explored and debated. We hope it will contribute new perspectives
on the role that science and technology museums can and should
play at a juncture where technology is saturating and affecting our
lives more than ever.
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