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Showcasing cutting edge physics research to school children and the general public
humanizes ‘the scientist’. This can help towards removing stereotypes and enabling greater
diversity in physics. Here we share some of the lessons learnt and activities conducted at
the University of Southampton to achieve this goal.

hysics can often be challenging to communi-

cate to a general audience, in part because the

concepts can be abstract and far removed from

the layperson’s everyday experience. The 2018
Nobel Prize in Physics is a prime example of this chal-
lenge, as the uses of squeezed light and optical tweezers
are not immediately obvious to a non-specialist. Despite
this, effective communication of such non-intuitive con-
cepts to the general public is increasingly being identified
as a social obligation by research funding bodies [1].

The recent Nobel Prize also highlighted the limited
diversity in Physics, as Professor Donna Strickland was
the first female Physics laureate for 55 years. Promot-
ing physics to a broad range of people will help ensure
that there is a range of talent driving new ideas and in-
novation [2,3]. Outreach and public engagement offer
useful routes to communicate with diverse audiences
and can begin to change the perceived stereotypes of
physicists, making career paths in physics more ac-
cessible to all.
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Over the last two decades the University of Southamp-
ton has operated a dedicated programme of optics and
photonics Outreach and Public Engagement (OPE). The
programme, run by a team of volunteers and dedicated
staff, reaches approximately 5,000 members of the pub-
lic, pupils and teachers, annually. Stakeholders are both
internal to the University and external organisations, all
of whom provide leadership, event funding and part-
nership opportunities. In this article we discuss some of
our initiatives, outline lessons we have learned, benefits
received and the importance of evaluation.

The development of any new outreach workshop or
public engagement event by our programme team starts
by us asking one question: “what are we trying to achieve
with this event?” Determining where the motivation for
the activity lies directs our approach in planning an activity.

The design of an OPE event is dictated by the type of
audience. Targeting audiences from under-served groups
is important to increase both the number of people in
physics and the diversity of backgrounds, but reaching
a new audience can often be challenging. Several of our
OPE initiatives are designed in partnership with the
University of Southampton’s Widening Participation
team, who work to increase the number of students at
university from schools with low levels of progression
to higher education. Approaching schools can be often
difficult due to the numerous pressures on the time and
resources of school staff, but this is often even more pro-
nounced in schools in disadvantaged socioeconomic ar-
eas. The Widening Participation team at Southampton
conducts multiple engagements with the same audience,
which is important in raising the “science capital” of the
participants. This concept has been introduced to pro-
vide a valuable insight into why and how some people

participate and engage with science and why some do not
[4]. Familiarising people with science and raising their
science capital through multiple OPE engagements has
been demonstrated as being the one of most effective
ways of making a career in science more accessible [5].
In general we, at Southampton, provide a broad range
of activities, including interactive lectures for large audi-
ences, smaller-scale hands-on activities for schools and
resources and photonics training events for teachers.
Examples of our activities include:
The Light Express Roadshow [6], which is an interactive
lecture series on photonics, pictured in Figure 1. Light
Express is used primarily as a photonics public engage-
ment activity, allowing demonstrators to explain the basic
physics behind their research during the show;
The Lightwave Roadshow [7], a set of hands-on experi-
ments and demonstrations delivered primarily to school
classes for outreach purposes;
Photonics Explorer kits [8], an outreach activity with
school teachers, providing them with training and resourc-
es to teach photonics with a kit for an accompanying optics
workshop. Each kit can provide materials to teach 200 stu-
dents (from primary to college age), pictured in Figure 2;
The Photon Shop for the ‘Light Up Poole’ art festival [9].
This places a team of researchers in an empty shop for
three nights, to reach new audiences, through hands-on
public engagement activities with photonics, physics and
astronomy demonstrations, supported by the Institute of
Physics (IOP) [10].

The activities we deliver for outreach events are in-
herently one-directional and are more akin to an in-
formal teaching session about physics and photonics
in general. Ideally, we include demonstrations that are




both illustrative and can capture the imagination of the
audience; activities that “show” rather than “tell” are bet-
ter received. For workshops, this does not restrict the
activities from being interactive. A good example is the
‘Guess the Gas’ workshop [11], designed by the Outreach
team of the South East Physics Network (SEPnet), which
allows students to explore the concepts of spectroscopy
by constructing the experimental equipment needed.

Good demonstrations can extend known conceptsina
way that they would have not previously have been taught.
For example, a common topic for a primary Lightwave
activity is for the workshop to begin with a demonstration
of asimple reflection from a mirror, perhaps in the context
of an Infinity Mirror (shown in Figure 3), then to progress
to an explanation of how optical fibres work by many re-
flections inside a core, and end with a description of how
the Internet depends on both reflection and optical fibres.
We find that a strong narrative, from observation to theory
or from problem to solution, is essential for explaining the
relevance and context to audiences. Further examples of
inspiring activities can be found from STEM Learning [12]
or the Physics Education journal [13].

Public engagement events are approached differ-
ently with an objective of having a two-way conversation
with an audience. Best practice in Public Engagement
would be citizen science projects, such as Aurora Zoo,
Southamptons project (currently under review) on the
Zooniverse citizen science platform [14]. Zooniverse is
a research platform covering many disciplines in which
“anyone can contribute to real academic research on
their own computer at their own convenience” [15].
Alternatively, Public Engagement activities can provide
opportunities for the general public to interact with sci-
entists in an informal environment, such as in our 2018
International Day of Light celebration [11] or during the
Pint of Science festival talks which includes discussion
about research in pubs and cafes [16].

Itis important to note, that not only do the public and
schools benefit from OPE. Those delivering activities,
whom at Southampton are predominately postgraduate
students, benefit greatly from the skills and experience
they aquire through the interaction. This experience is
invaluable when it comes to job applications and inter-
views. When interviewed for this article former Light-
wave Director Dr Hannah Collins said, “T have often been
asked about public engagement at job interviews, and re-
lied on that experience to demonstrate important transfer-
rable skills” These skills can include leadership and team
management, event planning, marketing, budgeting and
video production, none of which are taught by a typical
Physics undergraduate or postgraduate programme.

An obvious benefit to the demonstrator is the devel-
opment of their communication skills. Every scientist
needs to be able to communicate their research effective-
ly. For OPE however, we cannot assume any background

knowledge or even interest on the part of the audience.
Demonstrators are challenged to be both succinct and
clear in their descriptions of science in ways they would
not be through ordinary academic presentations. If re-
searchers leave academia for industry, this particular style
of communication is very useful, for example in effectively
describing an innovation to a non-technical stakeholder.

Furthermore, student-led OPE activities can provide a
valuable opportunity for the students to gain experience
in writing grant applications, an essential skill for any
career academic, much earlier than they otherwise would
in their career path. As part of our activities, students have
applied for outreach grants through student chapters of
the Optical Society, SPIE and IEEE Photonics Society,
as well as through the Institute of Physics and the Royal
Academy of Engineering.

The impact of our all our activities is measured in reach
(the numbers we have engaged with) and significance for
the audience. To determine significance effective evalu-
ation is necessary. Our learning outcomes are based on
‘Generic Learning Outcomes’ designed for informal ed-
ucation settings [10]. We evaluate to determine partici-
pant’s enjoyment of activities, whether they have gained
any knowledge, and whether we have changed their views
or behaviours. It is important to refer back to learning out-
comes, to ensure the questions you ask are appropriate in
determining whether these outcomes have been fulfilled.

The method of evaluation can vary greatly depending
on the type of activity and its delivery. Most evaluation
methods consist of completing a form, with perhaps a
short knowledge quiz and additional questions on enjoy-
ment and levels of interest in science. The design of the
form should be appropriately designed for the audience,
for example, to avoid young children becoming bored.
Other ideas for evaluation include:

Snowballing: an engaging method to receive feedback.
The concept being that instead of long evaluation forms,

AFIG.2:
Postgraduates
demonstrating the
Photonics Explorer
kit to Teachers,
(from EYEst) -
demonstrating
diffraction gratings,
Light Emitting Diodes
and polarisation
principles.
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»FIG. 3:

The Infinity Mirror,
part of the Lightwave
Roadshow, used to
illustrate how light
is guided inside

an optical fibre by
multiple reflections
inside the core.
(Credit photograph
- Krzysztof Herdzik)
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an audience can be asked to write ratings (out of 10)
along with the favourite (or least favourite) part of the
show onto a piece of paper, which will be screwed up
and thrown to the front of the room. This is a suitable
method to determine if activities need to be changed to
appeal to the age-group.

Social media is also a powerful tool for evaluation for
mature audiences; asking an audience to Tweet, can give
a clear idea of which parts of an event are capturing the
imagination of the public and also provide recognition
of the activity for a much wider audience.

Electronic quiz software, such as KAHOOT, enables real
time data collection, and makes the evaluation process
more time effective.

Running focus groups and interviewing participants
can help determine the following; their enjoyment of the
activity and whether there has been a change in their
knowledge and/or behaviour. Our methods have also
included gathering before/after drawings of what a scien-
tist looks like to determine whether scientist stereotypes
have been successfully challenged.

There is a strong motivation for university research-
ers to engage with public audiences, partially promot-
ed through their funding bodies. Such activities have
clear benefits for the demonstrators involved, schools
and members of the public. Showcasing the cutting
edge research to schools and the general public human-
izes ‘the scientist’ This can help towards perception of
science, working towards greater diversity in the range of
people entering physics. Through OPE, researchers not
only share what they know, but can also learn from the
public and bring that learning into research, design and
decision-making. It is important moving forward that
we not only assess which resources and techniques work
well, but to then share these ideas so that the quality and
effectiveness of our efforts can be maximised. Help us

work towards this goal by contributing to the discussion
through Twitter: #ANobelCause. m
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