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Abstract

This review examines science communication courses and modules typically delivered
within the UK. While this type of course is generally offered at undergraduate study, the
material and techniques presented can be used at any educational level. The taught
content and different methods of assessment both formative and summative are
discussed. The main results obtained were that, while ‘science communication’ is not a
common module in higher education, those sessions that are available often focus on
modern media technologies such as podcasts, as well as assessment by portfolio. All
university level courses provided opportunities for students to participate in public
outreach, although these range in duration between short- and long-term projects.
Suggested content for a course, based on common curricula are provided as a resource
for teachers in any science discipline to be able to plan essential skills-based sessions
with appropriate delivery and assessment methods. The effect of applying this resource
to a module within the authors discipline is provided showing a small increase in final
grade with a small drop in grade distribution. Student feedback shows an average
satisfaction response greater than 80% using these concepts.
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Introduction

Science communication is one of the key skills of any STEM student or employee (White
Rose Industrial Physics Academy, 2022), as well as being an expectation at later stages of
education. The importance of communication in scientific roles was clearly highlighted in
a labour market report produced for the Institute of Physics (2022) by Emsi Burning Glass
(now Lighthouse). Figure 1is an employment skills demand density graph reproduced
from this report. Of the nine employment sectors, communication was the most
demanded skill in eight of them, and in third place for the other, out of 15 relevant
transferrable skills.

Currently there is no clearly agreed upon definition of science communication, and some
examples of how the term is used are listed below:

“Communication of complex information to both specialist and general
audiences is needed to tackle global challenges which cover diverse
topics.” (QAA, 2019)

“Science communication,” to me, includes professional communication
among scientists, so it includes journal publications, issues associated
with peer review and open access, conference presentations, writing
good abstracts, and so on. PCST is specifically about public
communication of science and technology”. (Lewenstein, 2022)

“Science communication (SciCom) is defined as the use of appropriate
skills, media, activities, and dialogue to produce one or more of the
following personal responses to science: Awareness, Enjoyment,
Interest, Opinion-forming, and understanding”. (Burns et al., 2016)

Transferable skills apply across all physics-related groups
Demand density for top 15 transferable skills, across 2016-2021

10% 20% 30%

Basic Maths 4.6% 1.8% 5.8% 5.2% 0.4% 1.4% 3.3% 1.8% 12.8%
Communications  [INS28% N 211% 23.4% 25.1% 179% | 8323% 27.3% 129% 10.0%
Consulting 4.7% 21% 3.5% 1.2% 4.0% 1.4% 2.2% 0.5% 0.1%
Coordinating 4.2% 3.3% 0.9% 2.5% 0.2% 2.6% 3.7% 0.4% 0.2%
Innovation 9.7% 6.3% 13.8% 8.0% 3.5% 5.0% 14.9% 2.0% 10.3%
Integration 3.0% 1.2% 10.5% 2.6% 0.0% 0.9% 1.5% 0.8% 0.1%
Investigation 0.9% 2.7% 0.5% 2.2% 0.7% 15.5% 2.9% 0.3% 0.0%
Mentorship 2.6% 3.3% 4.9% 2.2% 17% 3.2% 3.8% 0.7% 1.6%
Operations 8.8% 6.9% 5.0% 8.1% 0.5% 9.4% 5.6% 3.0% 0.1%
Planning 14.2% 10.4% 5.0% 8.9% 1.5% 8.9% 10.1% 21% 9.7%
Problem Solving 8.8% 45% 10.7% 10.3% 0.7% 3.7% 6.3% 4.2% 0.3%
Reliability 0.1% 0.5% 0.5% 1.4% 0.0% 0.7% 0.2% 0.3% 0.1%
Research 13.4% 1.4% 4.8% 3.5% 2.9% 2.4% 27.2% 0.5% 0.6%
Self-motivation 6.9% 5.0% 4.7% 7.0% 8.7% 6.3% 6.5% 3.9% 5.1%
Troubleshooting 0.9% 0.7% 4.7% 2.9% 0.1% 0.2% 2.2% 4.3% 0.0%
Businessand Construction Digital Engineer Health Public and Scientist Skilled Trade Teaching
Finance Regulatory

Data: Emsi Burning Glass Job Posting Analytics

Figure 1. A transferable skills demand density table taken from the Physics in Demand: the
Labour Market for Physics Skills in the UK and Ireland report of 2022. Communication (row
2) is the most demanded skill across 8 of the 9 employment sectors. Showing how
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important it is that graduates have the ability to communicate clearly, honestly, and
effectively (IoP, 2022). Source: Lightcast (formerly Emsi Burning Glass).

For the purposes of this study communication between researchers, peers, and public
engagement are all considered “science communication” and it will be treated as an
umbrella term. This allows the essential parts to be determined while leaving room for
personal preference on other aspects of science communication.

The application and benefits of science communication are as varied as the definitions
are. In higher education the traditional methods of assessment were (and sometimes still
are) exams. While there are many valid and application-based approaches to exams, the
core requirement to passing is learning, memorisation, and repeating.

To ensure highly skilled graduates capable of empowering themselves within the
workplace they need to be faced with challenge and application outside of the standard
classroom approach. Learning and repeating information is simply not enough, and while
communication of analysis demonstrates understanding it is important it is delivered at
an appropriate audience level. Consider a job interview, a science graduate is unlikely to
be interviewed by somebody with the same knowledge and skill sets unless it is a very
specialised job. Equally becoming a line manager requires the ability to communicate at a
different academic level. Delivering an appropriate conference talk that is effective,
writing a grant application, working with a legal team on a patent - these are all rarely
considered examples of how science communication benefits learners. The more common
examples are the public communication aspect, including outreach events, skills for
becoming a teacher, and being able to explain why the curriculum is important to their
family members.

This leads to a discussion between the importance of “communication” and “science
communication” skills and their differences. Looking back at the UK in lockdown during
2020 the need for science communication has never been clearer. The weekly graphs of
infection rates on plots difficult for academics to understand let alone the general public
with a droning voice punctuated by “next slide”, generated a lot of memes and
organisational response on the poor quality (Freeguard, 2020). This is just a single
example and highlights the difference between communication and science
communication. The topics involved generally have a lower initial understanding level to
the audience and the evidence for any statement is likely to come in the form of data,
rather than emotion, feelings, or debate.

This disconnect between audience level and delivery is not just limited to scientists and
the public. An example from the authors experience is physics papers written about how
magnetosense works in the eyes of birds intended for biologists/zoologists to read (e.g.
Kattnig, 2017; Schulten et al., 1978). They tend to have pages of quantum mechanics
equations throughout, that only the most dedicated mathematical biologist could start to
decipher. This is also true in reverse with multiple bioscience-based papers which have
not understood the mathematics and are heavily entrenched in acronyms, jargon, and
assumptions meaning that nobody outside of the field can understand the papers (e.g.,
Fracchiolla et al., 2020). This means that science communication is essential for
interdisciplinary projects to succeed.

The importance of science communication cannot be understated for students and
society in general. There are publications on the psychology of how to communicate
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science to a single individual (de Bruine & Bostrom, 2013; Fischhoff, 2013) and building
communication skills during physics teaching (Saldo & Walag, 2020; Yulianti & Handayani,
2021). However, there is no clear guidance on what content should be delivered to
students or deliver it effectively when training them to communicate with a varied range
of audiences, particularly in STEM subjects. This environmental scan of programs in the
UK was proposed to search for how science communication modules and courses are
currently being delivered in higher education across the United Kingdom. The aim of
which is to collate this information, with consideration of relevant modern teaching
strategies that could be shared amongst science teacher communities of all levels, not
just those in higher education.

Data collection

The UK universities included for consideration were chosen because of accessibility to a
good quality of available information, and were University of Glasgow (2019), University of
Warwick (2024), University of Cambridge (2022), University of Sheffield (2024), University of
Bristol (2024), University College London (2023), The University of Edinburgh (2024), and
Imperial College London (2024).

Data were collected by investigation of STEM school and departmental websites. The key
feature is that the sites need to have their module titles, module descriptions, and
assessment structures available on their website to access. Many universities did not
present their content or student assessment methods, so if their departments run a
science communication module or lecture it is unknown. All data presented on the
webpage was noted down and the useful information was highlighted to compare the
different attributes of all the courses and modules.

A particular emphasis was placed on the relevance within the content of the use of digital
communication and social media. This links to the idea that science delivery and
education has had to change with the increase in social media consumption (Hottecke &
Allchin, 2020).

Study results

Attributes covering curriculum content and assessment types have been taken from the
information collected online and collated. These attributes show two common attributes
have been defined as “core” to a science communication module.

Digital Skills are a necessary part of employability for students at all levels (Suarta &
Suwintana, 2021) and these encourage a “significant and strong positive attitude” towards
the subject material (Soh et al., 2010). Even brief digital skills training has shown “an
increase in desirable learning behaviours” such as planning, resource monitoring, and
self-regulated learning principles (Bernacki et al., 2020). Indicative examples of included
digital skills for science communication are graphical accuracy, clear and accessible
tables, program simulations, and PowerPoint presentations.

Professional practice provides students with knowledge of how they should present their
work for both the scientific community and the public.

These core attributes are generally developed during seminar or tutorial sessions at
undergraduate level and are regularly required as part of subject benchmark statements
or degree accreditation from professional bodies.
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There are nine more attributes in addition to the two core attributes which have been
reviewed, the first six are relatively common amongst all courses examined and these are:
Modern Media, Article writing and reflection, Misinformation, Outreach, presentations,
and portfolios. The final three attributes were less commonly found, these were:
Interviews and debates, public behaviour, and Al use. Each attribute is covered below
with the relevance to science communication. Table 1 shows how many university courses
implemented each attribute.

3.1 Modern media in science communication

Six of the universities (75%) were using modern media formats for examples of science
communication. The majority of them contain assessment structures that require
students to produce their own piece of digital media. The production or inclusion of a
podcast or radio show was most common. This is unsurprising as inclusion of short form
content to communicate science has relevance to both students and public influence (Qin
et al., 2022).

3.2 Article writing and critical reflections

All universities had article writing as a key aspect of their assessment structure in modern
formats. There are two typical topics for these articles. The first being an article based on
the student’s discipline (63% n=5/8), and the second being an article where the goal is to
challenge public misconceptions of science (i.e. conspiracy theories or similar, 75%
n=6/8).

Those students on full courses would be required to write both types of article, whereas
those on a module would only be required to write one of these types.

All universities included a form of critical reflection linked to the article writing process.
The emphasis on reflection varied with course, with 38% (n=3/8) having one reflective
piece and the others (n=5/8) containing two or more reflective pieces. Surprisingly, the
number of reflective tasks did not correlate with the duration or type of course. These
reflections are described as being part of portfolios or simply assessed formatively.

3.3 Tackling misinformation

Challenging misconceptions is taught in 63% (n=5/8) of the universities, focusing on a
core knowledge of how to clearly communicate why particular theories are incorrect.
Media misconception covers 88% (n=7/8) of the universities and provides students with
strategies to avoid the media misrepresenting their work. Teaching students about
misinformation has benefits linking to critical thinking, subject enjoyment, and a wider
understanding of audiences outside of the academic sphere (Whittaker & Hough, 2025).

3.4 Student outreach

Scientific outreach is a term that is subjectively defined by most, but Tillinghast et al.
described it as delivering content outside of the traditional classroom to STEM
stakeholders to support understanding, awareness, and interest (Tillinghast et al., 2020).

This outreach is a major aspect of communicating science. All universities included it in
some aspect, either going into schools to provide events or producing media. Short
outreach periods of up to three days are used by 63% (n=5/8) of the universities. This type
of activity would typically comprise a school visit to demonstrate an experiment or having
a stand at a science fair. One university both a short period outreach event and a long
period outreach activity. Therse longer term activities could be more extensive school
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visits such as a once-a-week activities which scaffold learning each session or continuing
experiments. It could also be a public engagement seminar series or working with a
charity partner to enhance knowledge and engagement. Optional longer term outreach
activities were available in three of the institutions in addition to the required learning.

3.5 Presentations

To be able to communicate science effectively to peers within science, scientists are
required to present their data in front of others as a QAA physics requirement (QAA, 2019).
This is likely the reason why 88% (n=7/8) of the universities include formative assessment
for presentations tailored to an audience of academics and peers.

3.6 Portfolios

A key ability for a student to show that they can complete a program of work is to have a
portfolio of accomplishments (Slater, 1996). Of the universities reviewed 88% (n=7/8) have
one of their assessments as a portfolio element, which shows the progress of the student
throughout the year and allows them to reflect on their experiences.

3.7 Mock interviews and debates

Debates are an element of communication that are not included in many courses. Only
38% (n=3/8) include debates within their content. Debating skills develop key
communication skills and produces empathetic learners who are more likely to gain an
understanding of potential misconceptions (Chinn et al., 2020).

The universities that do include debating also include mock media interviews. This
correlates well with the idea that a scientist being interviewed is likely to be doing so to
settle a public issue, rather than a promotional piece. These can provide crucial
experience (Anaza et al., 2023) for students who are more introverted to get an experience
of how an interviewer, either from the media or an employer may interact with them.

3.8 Content: Public behaviour

The ability of the public to understand the implications of scientific information is also
included at three universities. Public behaviour links to knowing the intended audience,
and the inherent scientific capital of the population. Public behaviour in this setting can
present as extreme online reactions due to poor communication such as the confidence
in a result (Gustafson & Rice, 2020) but could equally include the unintended
psychological responses from the general public to scientific information. An example of
this with the COVID pandemic was the information of covering mouths and noses to avoid
spread of the virus. This resulted in a slight increase in use of tissues and toilet paper, as
standard market practice in stores is to keep only a limited amount of stock in store and
ordered as needed, panic buying occurred. This in turn led to bulk buying and hoarding of
toilet paper globally when there was no reduction in production of the material. This
allows students to consider how scientific information can lead to completely unintended
consequences and recount their own experiences, providing higher engagement rates and
enhancing the individual student identity (Fracchiolla et al., 2020).

3.9 Use of artificial intelligence

At one university, Al is used to help produce attention grabbing aspects i.e. artwork. The
empowerment of students to use Al to benefit their outputs, either with altering titles,
making artwork, or just improving the accessibility of their work is a positive factor in
preparing students for media engagement (Hassani & Silva, 2023; Yeadon & Hardy, 2024).
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Table 1. A comparison of attributes on science communications courses at universities

around the UK.

Attribute

123

Modern Media

Discipline specific articles

Article writing on
misinformation

One reflection

Two + reflections
Short outreach

Long outreach
Presentations

Mock interview
Portfolio

Public misconceptions
Media misconceptions
Public behaviour
Policies and Practice
Digital Skills

Al prompts

University
4 5
v v

v
v
v v
v
v v
v v
v
v v
v v
v v
v v
v v
v
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' N T
a) Digital Skills c1
N\ J
) § Core
Professional Practice 2
. S
Mod Articl Student 1]
oaern ICle i uaen i
Media I writing IMisiT:le::iionI Outreach IPresentationsI aspsoerst::rzlznt Recommended
R1 R2 R3 R4 R5 R6 7 =
Interview Public Ethical Al .
[and DebateI BehaviourI use ] Optlonal
o1 02 03 -
b ) Week Number Sessions Attributes
10 Module introduction, Ethical Al use C1,03
10 Demonstrator training Cc2
1 Science and the Media, Public perceptions of R1, 02
science
12 Writing an outreach article and developing digital C1,R2
skills
13 Communicating with other scientists and peer R2
reviewed articles
14 Public outreach workshops (externally provided) C2,R4,R5
15 Ethics for teaching 01,03
16 Drop in session for writing an article R2
17 Public misinformation R3, 01, 02
18 External project partner pitches R4
20 PebblePad training C1
27 Drop in session for outreach project R4
28 Blogs, vlogs, and podcasts C1,R1, 01
29 Portfolio development R6
30 Recording time - podcast R5
31 Recording time — podcast R5
33 External project progress R4
34 Portfolio progress R6

Figure 2. a) an illustration of the eleven attributes of a science communication module
found across undergraduate courses in the UK ranked by commonality. Each attribute has
been given a short code. b) An example module plan implementing all attributes, this was
delivered in the 2024/2025 academic year at NTU.

Discussion

What should a science communication course contain?

Eleven attributes of a UK science communication course have been identified, two core,
six commonalities, and three less common. The inclusion of podcasts and short form
content is practical as a method of formative or summative assessment. These can be
consumed passively or in short bursts and so are able to get across information more
effectively. Students would be expected to produce this short form media content within
an assessed portfolio within the module. The effectiveness of this type of media
assessment will depend on the level of digital literacy that students have and should be
provided via workshops within the sessions or linked background material.
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Outreach is an essential part of all communication courses. The types of outreach will
largely depend on the area, time, and student availability but can be anything from a
short session to school visits, science fairs, or working with external partners on a longer-
term project. Outreach should be treated in a similar way to work placements; both use
common skill sets of application of learning into a different environment. As such the
quality of the outreach session is more important than the duration (Smith et al., 2019).

The other key factors in the curriculum for science communication is that of presentation
writing and skills, the ability to write for a range of audiences, and being able to reflect on
their own work. Key examples of reflection in this context will benefit from peer formative
assessment for time efficiency within the session (Dutta et al., 2022).

Investigation of the novel aspects of each course provide a varied set of learning
outcomes that could be included in longer running science communication sessions. The
relative importance of each of these are largely subjective but the authors suggest that
the debating skills and use of Al are becoming increasingly relevant for students’ future
careers. The Institute of Physics community perspective document on Al shows that 66%
of respondent members use Al, with 44% using Al as a core skill of their job (IOP, 2025).
These skills also produce much more accessible communication pieces with a knowledge
of ethical use of media.

Figure 2a illustrates these factors in a hierarchy of importance. These have been
categorised by commonality into “Core”, “Recommended”, and “Optional”. For ease of
reference these have all been given a code of C, R, or O and a number as shown in the

figure.

Using the guidance in practice

All eleven attributes described in Section 3 have been applied to a refreshed
interdisciplinary module at NTU for level 7 Physics and Biosciences students called
“Science Communication”. This allows the authors to show the guidance in practice and
how it is received by students. This optional module in the 2024/2025 academic year
contains 19 students (14 in physics and 5 within biosciences), some are on a final year
integrated master’s course while others are doing a separate MSc or MRes degree. The
topics of the contact hours as part of the module are provided in Figure 2b and each
attribute relevant to the session from Figure 2a is included as a column.

The refreshed module contains three assessments comprising a public science article, a
podcast, and a portfolio of reflections. Reflections covered: their group science outreach
experience with an external charity partner, the skills gained in the module, Al use in
ethical outreach, and challenges of writing to an appropriate audience level. This years
cohort averaged 71.7% (s.d. = 13.0) on the module, with the public science article scoring
an average of 72.2% (s.d. = 16.4), the podcast scoring 75.1% (s.d. = 14.7), and the reflection
scoring 63.9% (s.d. = 25.9). The reflection portfolio is where most students struggled and
had the widest disparity in grades. This is likely due to reflection being a seldom used
skill in undergraduate STEM and is now being considered for introduction at an earlier
stage (e.g. level 4) to improve student agility and resilience.

These module scores can be directly compared to results from the 23/24 academic year
which used a more didactic and static delivery. N = 31 (24 physics and 7 biosciences), the
final grade was 69% with an s.d. of 15.9. The public science article which is the same
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assessment scored 67% with an s.d. of 17.5. The other two assessments were a blog and a
skills discussion and do not directly relate to this year's assessments.

Delivery of this refreshed communication module to include the modal components from
other science communication courses has not shown a dramatic increase (i.e. not
statistically significant) but does show a very small increase in grades with less of a
dispersion of grades suggesting it does no harm for those already doing well but helps
those getting the lowest grades.

The 24/25 delivered module was the first to have a student feedback threshold reached
(55% minimum) which allowed the NTU standard report to be generated with the
following Likert scores.

e | have a good understanding of the module content: 4.6/5

e Thereis an appropriate mix of small group and class discussion and | have felt
able to contribute to this: 4.6/5

e lunderstand how I will be assessed on this module: 4.3/5

e Itis obvious to me which transferable skills | am developing: 4.5/5

Without an equivalent report for the 23/24 academic year due to low feedback response
these cannot be directly compared but show a positive view from the students on their
learning. Informal feedback was received from students within sessions and as part of the
portfolio reflections which are planned to be used to enhance the module for 25/26 when
level 7 mathematics MSc students will also be invited to take the module.

Conclusion

An overview of the key attributes of a science communication curriculum does not
currently exist. this review looks at common features amongst those taught in the UK in
higher education. This is to allow any educator wanting to write a new lesson, lecture,
workshop, module, or even whole course to have a starting point for developing lecture
and workshop materials.

There are eleven elements determined across taught modules, these are shown in Figure
2 and are split by Core, Recommended, and Optional.

e Digital skills

e Professional practice

e Modern Media

e Article writing and reflection
e Tackling misinformation

e Student outreach

e Presentations

e Portfolio assessment of communication pieces
e Interviews and debating

e Public behaviour

e Ethical Al use

The use of these attributes has been applied to a refreshed postgraduate module in
science communication for interdisciplinary delivery. The results showed an increase in
final grade with a decrease in spread of grades and positive responses in student
feedback. These attributes and example module delivery topics are provided to facilitate
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the delivery of science communication in concert with any educator’s personal teaching
philosophy and pedagogical style.
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