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Recent developments in science education policy and practice suggest that successful
learning in the 21st century requires the horizontal connectedness across areas of
knowledge by linking the arts and humanities with science, technology, engineering and
mathematics (STEM) subjects. The rapidly increasing STEAM movement calls for arts
integration into science teaching and learning to help school students develop skills that
are necessary to thrive in an innovation economy. Education and outreach in high-
energy physics are not an exception to these developments. This paper describes
specific education and outreach initiatives by the ATLAS and CMS collaborations that
use a cross-disciplinary approach to engaging the public and especially young people
not only with the excitement of scientific research in particle physics but also with its
positive technological and social externalities.
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1. Introduction

Recent years have seen a growing consensus in the science education community that
STEM (Science, Technology, Engineering and Mathematics) teaching and learning at school
and tertiary level can benefit considerably from the introduction of the arts [1] [2]. The so-called
STEAM (Science, Technology, Engineering, Arts and Mathematics) movement has also been
recognized by science education policy makers as a useful framework for helping young people
establish and advance 21* century skills and competencies that are necessary to thrive in an
innovation economy [3]. The need to combine art with school science goes, however, beyond
calls for employability skills development alone, by emphasizing that art-based activities also
“represent one of the best approaches to integrating creativity, imagination and science” [4].
And this is important for it reminds us a widely shared, yet taken-for-granted, view that “science
is an activity that involves creativity and imagination as much as many other human activities”
[5].

If we accept that “creativity is as important in education as literacy and should be treated
with the same status” [6], it is then reasonable to think that a shift from STEM to STEAM may
also be of value in physics education research and practice. In this paper, we present an
overview of STEAM initiatives undertaken recently by the Outreach and Communications
groups of the ATLAS and CMS collaborations respectively. While different in many respects,
the initiatives presented in this paper share one common characteristic, that is, the
acknowledgement that successful learning in the 21* century depends on “horizontal
connectedness across areas of knowledge and subjects as well as to the community and the
wider world” [7]. We argue that large research infrastructures, including those in high energy
physics, have strong potential in this regard because of their capacity to act as incubators for
innovative ideas and projects that can generate positive externalities for society by infusing
creativity into their education activities [8].

2.STEAM activities in ATLAS

The mandate of the ATLAS Outreach group focuses primarily on the development and
support of the experiment’s communication platforms and content, educational tools, institute-
based outreach programs, local events, and visits. But the group has also developed, over the
years, contacts with a wide range of other disciplines: artists, educators, and other innovators of
technologies and education methods that can help us to reach new, larger and more diverse
audiences.

STEAM in ATLAS comprises projects that are proposed by members of the collaboration,
funded by their institutes, and supported by the Outreach group. Each project is first presented
to the group with clear definitions of concept, goals, target audiences, messages, potential
partners, and responsibilities. Those projects considered feasible are then presented to the
collaboration management for approval. If approved, the authors are allowed to use the ATLAS
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branding and are helped by the Outreach group for material, publicity, news, web sites, etc. The
two partnerships presented below illustrate this strategy.

2.1Projecting pARTicles

Agnes Chavez is a media artist and STEAM educator in the United States [9], whose goal
is to use new media arts to explore, teach, and communicate scientific concepts. Following a
two-day immersion into particle physics (e.g. explanation of the Higgs field and its associated
boson) and the exploration of an iPad tool [10], students discover projection art as a medium of
expression and communication. Together, they storyboard, design, and document a live light
projection, inspired by the physics concepts, onto a building.

ATLAS Projecting pARTicles Activities

EXPERIMENT

Fig.1: Activities with students during the ATLAS workshop

Informal partnership with the outreach group gradually developed through a series of pilot

workshops:
* 2014: The second pilot workshop began with a Virtual Visit [11] to the ATLAS Control
Room.

* 2015: During a two-week research stay at CERN, Chavez met a number of ATLAS
physicists to discuss and refine concepts.

* 2015: A pilot workshop held in Cuba, included the presence of an ATLAS scientist [12].

* 2016: A three-day workshop at the Harwood Museum (Taos, New Mexico), led by students
who participated in a previous workshop, included the integration of an LHC Master Class
in Day 1, with support from Quarknet and US ATLAS.

During a second, week-long research visit to CERN in 2016, observations of these pilot

workshops were presented: student engagement and understanding increased at each workshop.

Invitations to museums and festivals were succeeding to bring HEP concepts to new audiences

in an effective manner. It was then proposed that the next steps would involve a stronger

connection to nearby laboratories and the development of teaching modules based on various
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HEP concepts. The development team comprises two artists, two ATLAS physicists and a
Quarknet educator [13].

2.2Quantizer: a new interface for musical expression

Quantizer is an interdisciplinary tool and platform developed in partnership with the
Responsive Environment Group at the well known MIT Media Lab [14]. The project goal is to
transform ATLAS data into sound and explore how these could be a source of inspiration for
musicians and the general public.

The ATLAS collaboration supports the project through communication and by permitting
access to the data stream, which feeds the live event display. Event kinematics and the detector
information contained in these events are transformed into musical sequences by a set of tools
developed by MIT. A web site [15] developed and maintained by both partners provides
outreach information, and invites interested musicians to contact the team to develop their own
composition maps.

QUANTIZER ATLAS

ATLAS data sonification project EXPERIMENT

Inside ATLAS, every second
one billion collisions take place

Thousands of events are selected
for permanent storage every second

Each stored event carries
approx. 1.6 MB of data

‘ Quantizer processes the data to obtain

frequencies in the audible range

Quantizer maps data from different sources
to notes on a musical scale

muon detector

hadronic calorimeter \—‘Pl—ﬁ

| EM calorimeter ) X;A

tracks

Fig.2: Visual description of the ATLAS Quantizer project.

Fig.2: June 2015: early prototype demonstration in a “Physics of Music and Music of Physics” workshop
at the Montreux Jazz festival [16];
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May 2016: project web site opened to the public, with good coverage in media which
usually do not cover HEP. Abstracts for posters accepted at two major conferences: CHI
(Computer Human Interface Conference) and NIME (New Interface for Musical Expression)
[17].

The team is in touch with various musicians and “sonification” experts. Copyright aspects,
long term maintenance, and development of the platform are currently being consolidated.
Access to live stream is clearly interesting for this community and for artists who want to setup
live events and installations. The development team consists of two ATLAS physicists and two
MIT experts of new musical expressions and tools [18].

3.STEAM activities in CMS

Over the last few years, the Communications group of the CMS experiment at CERN has
developed an integrated framework for education, outreach and communication that revolves
around a set of distinct yet complementary programmes and projects, which aim to serve the
needs of a diverse network of stakeholders including the CMS institutes, student and teacher
communities, and the wider public [19]. From on-site and virtual visits to particle physics
Masterclasses and open data for the public, these activities, to name a few, are designed to act as
engagement mechanisms allowing multiple audiences to have authentic experiences with the
science, engineering and technology that drive research and discovery in high-energy physics.

STEAM in CMS is situated principally within art@CMS [20][21] an education and
outreach programme that was founded in 2012 by Austrian particle physicist, photographer and
artist Michael Hoch. As evidenced in his recently published photographic work [22], Hoch
introduced the idea that the inherent beauty and symmetry of the CMS detector can evoke
wonder, curiosity and interest in particle physics by the public and especially by young people.
With the support of the CMS Collaboration, and more recently of the CREATIONS EU project
[23], art@CMS has evolved over the last three years into a dynamic network of collaborations
involving CMS scientists, individual artists, art institutes and cultural institutions, nonprofit arts
groups, and students and educators in more than twelve countries. The programme is presented
in more detail below.

3.1art@CMS

In response to the need to build more bridges between the CMS scientific community and
the public, art@CMS was originally developed as a vehicle for public engagement with particle
physics through the arts and mainly through the organization of visual art exhibitions. Two life-
size images of the CMS detector that were installed in 2011 and 2012 at CERN became the
departure point for a series of photographs and photographic collages created by Michael Hoch.
This set of work was then exhibited in CERN and Vienna in 2012 and early 2013 in the
framework of scientific conferences and public events, with the aim to enact a dialogue between
the worlds of particle physics, education and the arts. Over the following three years, art@CMS
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has evolved into a solid education and outreach programme with two complementary modules:
exhibitions for the general public, and SciArt workshops for secondary school and third-level
students. As Figure 1 shows, as of mid-2016 almost 145,000 people have visited 42 art@CMS
exhibitions organized in 25 cities across 17 countries in four continents. These are often
combined with LHC-related events such as public talks, conferences and science festivals with
the participation of the local communities, serving as forums for dialogue on the role of science
in society. For the purposes of this paper, we will focus on the SciArt workshops only.

t workshops enable young people
be inspired and encouraged, and
nges of the 215t century

Interdisci
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0 devel

42 25 17 14"5k 13 7 7 700

exnibitions countries  visitors workshops  cities s students

Countries Countries
Australia, Austria, Belghum, Bulgaria, Croatia, Cyprus, France, Germany, Greece, India, htaly, Austria, France, India, Rwanda, Switzertand, United Kingdom, United States.
Russia, Rwanda, Spain, Switzeriand, United Kingdom, United States.

Fig 3: Geographical map of the 42 art@CMS exhibitions and 13 workshops across the world.

3.1.1SciArt workshops

SciArt workshops are cross-disciplinary learning activities designed to introduce school,
college and university art and science students to the scientific world of particle physics and
fundamental research through artistic inquiry and creation. They incorporate an introduction to
particle physics, CMS and CERN, followed by philosophical reflection and discussion aimed at
inspiring the students to develop their own science-related art works. The students then have the
opportunity to mount an exhibition of their work.

These STEAM workshops foster skills that are more appropriate to the challenges of the
21st century. Much work has already been done to quantify the benefits of developing skills
such as creativity, critical thinking and collaboration [24]. Aiming to act like an ideas factory,
art@CMS SciArt workshops are built on a platform for learning, sharing and sustainable
personal development. They are ultimately a form of learner(s) hub where the individual can
take ownership of their ideas, and turn those ideas into tangible products of imaginative thinking
that embody both aesthetic and educational value [25]. Since 2013, 13 SciArt workshops have
taken place in seven countries engaging 700 school, college and university students. Two
examples of such workshops are presented briefly below.
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Fig. 4. Students at work during the art@CMS SciArt workhop in Graz, Austria

3.1.2High energy physics meets art (Graz, Austria, June 2013)

The first in the series of art@CMS SciArt workshops took place in Graz, Austria, with the
participation of 62 high-school students from two local schools: GIBS and BORG. This three-
day workshop, as shown in Figure 4, was supported by CMS, the Institute for High Energy
Physics of the Austrian Academy of Science (HEPHY) with the collaboration of the National
History Museum in Graz and the City of Graz.

On the first day, HEPHY physicists delivered a Masterclass where the students learned to
visualise and analyse real LHC data from the CMS experiment. The students were then
introduced to the interconnections of science and the arts by learning how artists visualise
science and technology in their works.

On the second day, four groups of students under the guidance of art educators and
scientists, created their own art works inspired by particle physics. A separate group of students
documented the whole workshop with photos, a video and a dedicated blog. On the last day, the
art works were displayed for public viewing at Graz’s National History Museum attracting 200
visitors, including parents and other students.

3.1.3Imagining physics: art inspired by Fermilab (Batavia, US, February 2015)

Through a collaboration between Fermilab, Water Street Studios, local artists and high-
school students, a SciArt workshop, entitled “Imaging Physics” was organized in Batavia, US,
in February 2015 as part of an art@CMS exhibition hosted by Fermilab Art Gallery. The
workshop brought together 18 high school art students with the aim to introduce them into the
world particle physics and to challenge them to turn their impressions into art.
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Over the course of two weeks, the students worked collaboratively under the guidance of
their teachers and professional artists from Water Street Studios to create artworks inspired by
particle physics. They first visited Fermilab where they took part in presentations by physicists
and also learned about art@CMS from Michael Hoch. Four hands-on meetings were then
organised in Water Street Studios during which the students worked on their ideas by
developing art works that encapsulated how particle physics connect to their own lives. The art
works were then transferred to Fermilab Art Gallery for public viewing.

“Having the Art@CMS pieces here at Fermilab is outstanding,” said Georgia Schwender,
curator of the Fermilab Art Gallery. “But having the chance to connect the art and science of the
CMS experiment with students outside the laboratory makes this event a true example of our

mission.” [26]

o =
&
L St . e
Figure 5a. art@CMS SciArt workshop in Water Street  Figure 5b. General view of the art@CMS exhibition
Studios, Batavia, US. in Fermilab’s Art Gallery.

4.“Art and Science across Italy”

The “Art and Science across Italy” project has been developed by the INFN in
collaboration with the CMS Communications group and with the support of the CREATIONS
EU project. The principal goal of the project is to act as an education and outreach bridge
between school and teacher communities in Italy and scientists in high-energy physics through
the organization of STEAM activities including SciArt exhibitions and workshops across four
cities: Milano, Padova/Venice, Florence and Naples. The project consists of three stages as
follows.

The first stage includes the scientific part. Through seminars, meetings and visits to INFN
laboratories organized by project’s coordination committee, selected students from various high
schools (e.g., classic, science, art) will have the opportunity to interact with INFN researchers
and understand how science and technology works in high-energy physics.

The second stage incudes the creative part. Cross-disciplinary student teams, with no
more than four students per team, will be formed with the aim to work collaboratively for the
creation of art works inspired by what they learned during the first stage. The teams will be
encouraged to work with any art medium they consider appropriate to turn their ideas into
creative and engaging outcomes inspired by particle physics.
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In the last stage, the best art works will be selected by the coordination committee with
the help of art experts of the Italian science museums involved in the project, including the
Leonardo Da Vinci museum in Milano and Citta della Science museum in Napoli. The selection
will be at a local and national level as follows. The best local-level art works will be
incorporated into the “I colori del Bosone di Higgs” traveling exhibition across the four
aforementioned cities. At a national level, two student art artworks will be selected among the
local art works. The two winning student teams will be invited to visit CERN, while their art
works will be included in the art@CMS collection and be shown in the art@CMS traveling
exhibitions.

The “Science and Art in Italy” project will commence in March 2017 in Milano and will
then continue to Venice for the EPS-HEP 2017 conference in July 2017, followed by Florence
in November 2017. The final destination will be Naples in spring 2018, where a summative
even will take place with the participation of students, teachers, scientists and the organizers.

Fig 6: Nobel price Prof. Stefan Hell visits the “Arte & Scienza” exhibition held in Napoli (May 2016).
Lyceum students were the guides of the exhibition after having had some meetings and seminars with
INFN researchers and professors.

The project has been piloted successfully in April 2016 in Vico Equense, Naples, during
the “premio Capo d’Orlando” event. Students from twelve local schools and about 2,500
members of the general public visited the art@CMS exhibition that was organized by the CMS
experiment and INFN, Napoli, with the support of the scientific Lyceum of Sorrento, which
provided more than fifteen students who were trained to act as exhibition guides by INFN
researchers and their physics school teachers.

5.Conclusion

This paper presented a set of novel education and outreach activities by the ATLAS and
CMS collaborations that fall into the STEAM movement. Despite some differences, all of these
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activities, taken collectively, can play a transformative role in enabling high-energy physics to
become accessible to larger and more diverse audiences while also encouraging the
development of 21 century skills to the next generation of learners regardless if they decide to
follow scientific careers or not.
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