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Science Communication for Early Career Researchers  



Why learn to communicate science ?  



What is science communication? 



Why learn to communicate science ?  

As a Scientist
Let other scientists know about your latest work 

Get your work published in the best journals
Be a good teacher

Make yourself attractive so you can get promoted or move elsewhere
Ask funding agencies for money

Convince industry your research can lead to a profitable product
Convince the government your research deserves long term support

Convince the public your research is interesting

As a Science Communicator or Science Journalist
Act as the interface between scientists and the public in explaining the importance of science

and keeping the public informed on latest results 
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Probably the most important slide 

How we communicate depends on who we are talking to and 
the message we wish to communicate

Adapting the message to the audience is essential



Useful Analogy
View communication as an impedance matching problem.  

If you do not adapt to the audience, what you say will be reflected back !!

Incident wave Transmitted waveReflected wave
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This advice applies to one-on-one interactions

Many PhD supervisors are 20-30 years older than their students
(and getting older!) 

Their experiences may be very different from yours

What was expected of them when they did their PhD? 

Even communications expectation may vary (e.g. many 
professors consult email all hours, work weekends etc. ) 

Communication early avoids misunderstanding!

And for professors, when speaking to your students or 
teaching, you also take these differences into account!   



A PhD is a superposition – communication is the key to survival

Do you wait to be told what to do, or do you go looking for work ?  

If your supervisor asks for X, do you give X or 2X ?  

Do you do what is asked, or do you always try to do a little more ? 

Some supervisors ask for less than they expect to see if you can figure out 
yourself that more needs to be done and to see if you can do it … 

Other supervisors ask for more than they know is possible, simply to see what 
you can manage to do … 

1 1PhD Student Student Employee
2 2

= +



Writing papers with minimal stress is one of the most important skills you can learn

Writing puts your career under your control.   

Writing seems daunting but all papers follow a similar structure. There are many useful resources!  

Scientist to Scientist - publishing papers 



Most papers follow the same basicstyle

“Classic”
pyramid

Context

Methods & 
Details

Results & Conclusions

Context

Methods

Results & Conclusions

“Nature-style”
pyramid

Methods in Detail 
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You are not writing a novel. You don’t need to reinvent the wheel.

This is an extremely useful starting template

With experience you develop a personal 
method that works for you  

This applies to most forms of technical writing,
Including industry reports etc.

Patents are usually written by experts after you 
provide a technical description of key “claims”

1. WRITE A VISION STATEMENT
2.  DON’T START AT THE BEGINNING
3.  STORYBOARD THE FIGURES
4.  WRITE THE METHODS SECTION
5.  WRITE THE RESULTS & DISCUSSION
6.  WRITE THE CONCLUSION
7.  NOW WRITE THE INTRODUCTION
8.  ASSEMBLE THE REFERENCES
9.  WRITE THE ABSTRACT
10.  THE TITLE COMES LAST

Andrea Armani, SPIE Photonics Focus Jan/Feb 2020



Paper writing can be broadly divided into three steps

Research & Preliminaries:  doing the research, reading the literature.

The First Draft: the creative part. Resist the temptation to correct and 
edit to perfection as you go.  Just lay out the structure.

Editing & Correction: checks for consistency, shortening.  Often you need to do 
more research & reading, as writing raises new questions. This is normal! 



You are not writing a novel. You don’t need to reinvent the wheel.

Writing a first draft is like putting sand into 
the bucket.  It’s later that you build the 

sandcastle – Shannon Hale
SOME GOLDEN RULES

Start where it’s easiest for you, not necessarily 
at the beginning
Drafting figures is a great way to see the 
structure of the paper
Then decide what to do next
A first draft is exactly that – a draft!
When editing, keep things short and simple 
wherever possible



Paper writing can be broadly divided into three steps

Research & Preliminaries:  doing the research, reading the literature.

The First Draft: the creative part. Resist the temptation to correct and 
edit to perfection as you go.  Just lay out the structure.

Editing & Correction: checks for consistency, shortening.  Often you need to do
more research & reading, as writing raises new questions. This is normal! 



The editing process – making things shorter & clearer



With practice, articles become easy to write

Articles follow a universal structure

There is no point in reinventing the wheel

3 figures and 5 paragraphs is the core of a short letter 

If you have writers’ block, 

- try summarizing ideas in an email or a chat or use AI to summarise a meeting or 
discussion.  The informal content can be transferred into paragraphs.

- ask a coauthor to do this!  That’s what they are for.  



5 paragraphs as the core of a paper – really ? 

1. Why this field is interesting, what has been done before, and what is missing

2. What we have done, how it is new, and what our main result is

3.  How we did it: our experimental setup and/or theoretical approach

4.  Our results

5.  The consequences of our results for the field, and a summary  



Citation management and paper writing tools

Entries extracted from the web can be 
full of errors or poorly formatted bibtex

A tool like JabRef can help you avoid the 
worst of these errors 

You need to master the { }

users 



This is not that important as a student, but it will make a good impression when you look for a PostDoc

Google Scholar Profiles are easy to set up 

In any case, a good way to impress your supervisor is with Google Scholar alerts 

Stay more aware of latest publications than your supervisor !

You send them the latest papers to read !!  

Citation management and paper writing tools  



Citation management and paper writing tools

75% of submissions to scientific journals are not in LaTeX

LaTeX only outperforms Word when used by experts and, 
even then, only for complex documents with significant 
mathematics and bibliographies

Don’t neglect learning basic Office suite word processing 
skills.  You will need to use outside academia 



You cannot under any circumstances “trust” these tools to 
get the science correct.

If you use them for papers and journals, automatic tools may 
detect your writing as plagiarism (“tortured phrases”)

If you use the tools to create a “structure” and then add your 
own correct technical science, they can help you be more 
efficient, especially when suffering from writers block

Human iteration between co-authors will (hopefully) remove 
any residual trace of AI-speak … 

BUT BE CAREFUL

Citation management and paper writing tools  



Scientist to Editor: most journals now want a cover letter

Papers – the “pyramid”

Context

Details & 
Methods

Results & Conclusions

Cover letters – the “inverted pyramid”

The main point 
(bottom line) 

Why is this 
interesting?

Details



Scientist to Editor: cover letters use a different style 

Inverted Pyramid writing is used to get to 
the point quickly:

Stressing impact to pass
editorial screening

Press Releases after publication
Grant Proposal abstracts

Cover letters – the “inverted pyramid”

The main point 
(bottom line) 

Why is this 
interesting?

Details



Scientist to VIP: the elevator pitch

Sometimes you need to be able to
explain your work in 30 seconds 

e.g. during a lab visit by VIPs

No details in this case
(unless asked!) 

An even more condensed form

The main point 
(bottom line) 

Why is this 
interesting?

Details
THE KEY POINT

Adapt your message to your audience



Scientist to VIP: the elevator pitch

THE KEY POINT
Adapt your message to your audience

This applies at all career stages

We ask out students to prepare concise
“elevator speech” summaries of their work

We need to do the same 

Prepare not improvise
© Jorge Cham phdcomics.com



Figures 

It may seem obvious, but the ability to make excellent quality figures is an essential 
component of communicating your results to the audience. 

A good “figure maker” can also become an indispensable team member.  

You don’t need to be a Blender expert, but skills with Inkscape or Illustrator are 
essential for vector graphics, and Gimp or Photoshop for images

Graphs need to be saved as professional quality vector graphics i.e. graphics that are 
uncompressed that can be scaled while preserving full fidelity  

This is because journals now require data to be shareable – a reader should be able 
to extract raw data from your figures to check it or to extend your work. 



(Learn about graphics)



Quality graphs

Generally, no single package does the whole job for vector graphics 

learn all the 
save options

many others … many others … 

Make Data, Basic Figures Layout Tweaks Data and Page Layout Options 



When to stop writing

There is always the temptation to do a bit more, and two simple questions can help 

1.  Is the content of my paper comparable to recent papers in the field? 

2.  Is there anything missing that could lead to rejection?  

Also remember that reviewers may ask for extra information anyway and you can add 
extra results in later ;  continuing work can be kept in hand to respond to reviewers

Generally, once the paper passes a standard where it is self-contained & checked, submit !

Priority is usually better than perfection – at least for the initial submission



The choice of journal is a communications problem

The impact factor of a journal (a two year rolling average of citations) is a widespread but sometimes 
controversial proxy of the importance of a journal and the potential impact of papers published in it

Fighting to publish in a high impact journal is not always worth it in terms of lost time 

Perceived Visibility in a High 
Impact Journal

More time to write
Higher Rejection Rate

Lost Time in Multiple Reviews



The choice of journal is a communications problem

The impact factor of a journal (a two year rolling average of citations) is a widespread but sometimes 
controversial proxy of the importance of a journal and the potential impact of papers published in it

Fighting to publish in a high impact journal is not always worth it in terms of lost time 

Student and Supervisor interests may not really align at this point

STUDENT SUPERVISOR / PI
I need a paper soon to graduate I don’t mind waiting for 12 months
I want a high impact paper for my CV I need a paper soon for a grant proposal



Where are you in the development cycle ? 

Gartner Hype Cycle



Some hot topics in the #SciComm twitterverse

Now your paper is written – what next? 



Peer review is an important first step

Peer review is the evaluation of work by one or more people with similar competences 
as the producers of the work (peers or referees). 

It functions as a form of self-regulation and quality assurance within a field



Peer review is an important first step

Peer review is the evaluation of work by one or more people with similar competences 
as the producers of the work (peers or referees). 

Even the giants sometimes get unhappy with peer review! 



Peer review is an important first step

Peer review is not always easy, but usually leads to a better paper in the end … 



Do not underestimate your work 

Rejection & criticism happens to everyone 
throughout their career – drafts, papers, 
grant proposals, jobs, prizes,  … 

Reviewers can miss the point, make mistakes
wrong and they can also be unkind … 
(this is getting better but slowly)

Quickly moving on from natural feelings of discouragement is a key skill to learn

Final thoughts on writing papers



Communicating about yourself



Communicating about yourself

It would be nice to think that we can carry out fundamental research, motivated purely by curiosity

But funding comes from multiple directions, and everybody wants to quantify “return” on investment

This is very much an example of “short-termism” and every country and institution is different 

Your CV is probably the most important “communication document” you will write!  

How much time do you spend on it?  Adapt it to the intended audience! 



What do scientific communication skills teach us?  

Rigour & Perfectionism Scientists and engineers are generally known for attention to detail –
sometimes extreme!   

Inconsistency Radar Science trains you to look for unambiguous arguments that do not contain 
illogical argument or contradictions.

Economy of expression Science communication should be short and to the point. 

The idea is the key Ideas and results matter more than the words. 

Structure A clear logical flow of ideas from introduction to conclusion.

Honesty We get used to being wrong and correcting our ideas.



This general training is perhaps the most important part of a PhD

Carl Sagan (1934-1996) was an American astronomer, 
author, and science communicator 

He assembled the first physical messages sent into space: 
the Pioneer plaque and the Voyager Golden Record

He advocated skeptical inquiry and the scientific method 

He also popularized science through books and TV series



This general training is perhaps the most important part of a PhD

Keynote address at CSICOP conference, Pasadena, California (3 Apr 1987). Printed in 'The Burden of 
Skepticism', Skeptical Inquirer (1987), 12, No. 1. 
Collected in Kendrick Frazier (ed.), The Hundredth Monkey: And Other Paradigms of the Paranormal (1991)

In science it often happens that scientists say, “You know 
that's a really good argument; my position is mistaken,” and 
then they would actually change their minds and you never 
hear that old view from them again. 

They really do it. It doesn't happen as often as it should, 
because scientists are human and change is sometimes 
painful. But it happens every day. 

I cannot recall the last time something like that happened in 
politics or religion. It’s very rare that a senator replies, “That’s 
a good argument. I will now change my political affiliation.”



This general training is perhaps the most important part of a PhD



Where do you want to end up? 

Careers outside research & teaching

Many (sometimes the majority) of people with 
a science degree work outside the “academic” 
field of research & teaching.

Communication skills are useful and important 
everywhere.

Moreover there is growing need for an expert 
community in science communication.  
But



Where do you want to end up? 

Leaving academia should never ever be considered or described as “failure”



Careers in science communication 

As a Scientist
Let other scientists know about your latest work 

Get your work published in the best journals
Be a good teacher

Make yourself attractive so you can get promoted or move elsewhere
Ask funding agencies for money

Convince industry your research can lead to a profitable product
Convince the government your research deserves long term support

Convince the public your research is interesting

As a Science Communicator or Science Journalist
Act as the interface between scientists and the public in explaining the 
importance of science and keeping the public informed on latest results 



As a Scientist
Let other scientists know about your latest work 

Get your work published in the best journals
Be a good teacher

Make yourself attractive so you can get promoted or move elsewhere
Ask funding agencies for money

Convince industry your research can lead to a profitable product
Convince the government your research deserves long term support

Convince the public your research is interesting

As a Professional Editor
Some publishers recruit editors after a PhD and 1-2 years postdoc.  The “interview” might involve 

writing something like a short technical summary, or maybe a “News & Views” 

Careers in science communication 



Careers in science communication 

As a Scientist
Let other scientists know about your latest work 

Get your work published in the best journals
Be a good teacher

Make yourself attractive so you can get promoted or move elsewhere
Ask funding agencies for money

Convince industry your research can lead to a profitable product
Convince the government your research deserves long term support

Convince the public your research is interesting

Science & policy
There are important science-related advisory positions in governments , 

national academies, international organizations, NGOs etc.  Many of these 
start with internships & fellowships so keep your eyes open if interested.



Reaching out is important

Show the world who we are

Tell the truth

Tackle misinformation

Share the spirit of science

Stress the scientific method 
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Stress the scientific method 



Our role in fighting fake news and disinformation



Definitions 

Misinformation
Information that is false, out of date, or misleading but not deliberately so. It may be 
shared but with no intention to cause harm.

Disinformation
False or misleading information designed and spread expressly in order to deceive 
and/or to amplify controversies. Alternative Facts. 

Fake News
Misinformation or disinformation presented as news.



Definitions 

Conspiracy Theories
Explanations of events based on manipulation by political groups, ignoring simpler and 
more probable explanations. Often based on prejudice. 

Pseudo sciences
Information that claims to be scientific but which is incompatible with the scientific 
method. Often characterized by contradictions and exaggerations

Post truth
An environment in which public opinion is based more on appeals to emotion and 
beliefs rather than objective and confirmed facts and evidence 



Just because someone speaks confidently and tells you what you
may want to hear does not mean they are a reliable source! 

Key message of the day



This includes me, and this includes this talk!  

The key message of the day is to encourage everyone to evaluate 
everything they read and everything they say using the same criteria 

and methods that we use when we do science.

How many of our “opinions” and how much of what we “believe” 
have we actually evaluated and studied using reliable sources? 



Disinformation and misinformation are not new

21 August 1835 
The Great Moon Hoax 
New York newspaper The Sun

A fictional story about the
discovery of civilization 
on the moon, 
probably fabricated just 
to sell newspapers 



The term “fake news” is over 100 years old

An 1894 illustration in the (satirical) US magazine Puck explaining the newspaper business 



Do we become desensitized to fake news through humour? 

June 15 1993July 23 1991 

Every country has newspapers that promote stories that are clearly false 

Although humorous, does this create a pathway towards believing the absurd?  



Do we become desensitized to fake news through humour? 

www.clemi.fr



Other media frame fake news to influence politics 

The UK Daily Mail is well-known for distortions and dishonest reporting

5 February 2017



April 2018

Retractions are published, but many months later



US views on climate change are very concerning

https://climatecommunication.yale.edu/

57%

(2021)



Disinformation and Health - Smoking 

In 1964 the US Surgeon General Report unambiguously 
linked smoking to lung cancer & other diseases.

Yet tobacco companies actively campaigned against this by 
claiming there was scientific “debate”.

This continues today, after the introduction of smoking bans.



Disinformation and Health – Vaccines  

1998 Andrew Wakefield in The Lancet proposed a 
link between vaccines & autism, based on a 
study of 12 children

2000-04 The results were not reproduced! 

2004 Wakefield shown to have a conflict of 
interest (10’s M€) in selling diagnostic kits.  

2004 Wakefield’s co-authors retract association.  

2010 The Lancet found falsified data and 
retracted the paper



EU survey in 2018 – are vaccines safe?

France ranked almost last (26/28) amongst 
member states when asked if vaccines are safe

https://health.ec.europa.eu



2018 results averaged across EU member states           https://health.ec.europa.eu

But still …  “agree” does not mean “strongly agree” !! 



The evidence has been clear for half a century

Polio

Dipthérie

Coqueluche

Hepatite B

Rougeole

Varicelle

Hepatite A

Oreillons

Rubeole

1945 1965 1985 2005                2015 



A 2018-2022 EU study has tracked tendencies with time … 

https://health.ec.europa.eu/
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re
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https://health.ec.europa.eu/

A 2018-2022 EU study has tracked tendencies with time … 



Mistrust in science seems to correlate with mistrust in governments

Governments usually decide policy incorporating scientific advice
There is evidence that people who distrust government institutions mistrust  science more 

Jacob Wallace, Paul Goldsmith-Pinkham, Jason L. Schwartz, Yale School of Public Health and Yale School of Management
Excess death rates for Republicans and Democrats during the Covid-19 pandemic  NBER Working Paper 30512 (2022), published 
as JAMA Intern Med. 183, 916–923 (2023)



What is going on?   Motivated Reasoning and anti-science

FALSE LOGIC        

Science & facts suggest I need to change how I live

But I do not want to change

Therefore the science must be wrong

I will seek alternative science to support what I want to do

Many strongly held opinions are based on a false logic known as motivated reasoning

Why do we believe things that are not supported by evidence?  



What is going on?   Motivated Reasoning and anti-science



What is going on?   Motivated Reasoning and anti-science



What is going on?   Motivated Reasoning and anti-science



We also know how cruel the truth often is, and we 
wonder whether delusion is not more consoling…”

Henri Poincaré 1905 



The social dimension of anti-science is complex



The social dimension of anti-science is complex



The social dimension of anti-science is complex



How to explain the scientific process

Science is not “a collection of facts,” but it’s a method to understand the universe

One single paper does not contain all the results on any subject and it may be incorrect

Science evolves by independent studies being individual elements or pieces of the answer

A scientific consensus is not a “vote”

A scientific consensus means that the overwhelming majority of results and replications 
all point to a common conclusion



Language is used differently

Scientists use language in a way that is not always understood in the same way by others

e.g. a creationist may say  it’s just a theory of evolution so it is not true!   

Theories and models are open to revision

But many theories are so well tested and confirmed that they provide the foundation of 
whole fields of science and technology.

e.g. the theory of fluid dynamics allows us to build planes that fly
e.g. the theory of relativity allows us to use GPS on our phones 
e.g. Maxwell’s equations underpin all of communications 



Responding to common objections

“It is scientific to keep an open mind”
Climate and vaccine “skeptics” often defend their approach as scientific and open-minded

Science puts tight constraints on what we accept as factual (testability, reproducibility etc)

We are not free to ignore facts we do not like.  Science speaks about likelihoods

“Science doesn’t explain everything”
Science is not a collection of facts but a method to understand the world around us

This method has proven itself to be most reliable means of developing understanding and technology

The existence of an unanswered scientific questions doesn’t justify the promotion of pseudoscience.

We are not free to invent (usually untestable) laws of nature to fill in the gaps



“It is scientific to keep an open mind”

“Science doesn’t explain everything”

Problems with pharmaceutical companies does not mean that pseudoscience works.  
Problems in aircraft design do not mean that magic carpets can actually fly.

— Ben Goldacre

Responding to common objections

Keeping an open mind is a virtue but not so open that your brains fall out.

— Carl Sagan, Walter Kotschnig



False balance in the media (even science journalism)

False balance, or “both sides-ism” is a bias that gives equal weight to opposing viewpoints

Especially common in sensationalist and adversarial science debate in the media

Opposing opinions or ideas do not necessarily have equal validity

If someone says it's raining, and another person says it's dry, 
it's not your job to quote them both. Your job is to look out 
the window, find out which is true, and report that!

Jonathan Foster – Professor of Journalism at Sheffield



What about debate within the scientific community? 

Contradictory results in an early phase of any scientific study are normal, but this is 
often  exploited for partisan & political objectives 

Peer review is not a definitive answer on whether results are “true”

Peer review mainly ensures that new results can be tested by ensuring 
that assumptions and methods used are clear.  

The real heart of science is “post publication peer review and replication



There are new tools in publication to help

There is an active community of groups and sometimes individuals who personally 
scrutinize science and scientists that appear untrustworthy

Two of the most neutral sites that backup opinion with evidence are 

Common “red flags” include ethical shortcuts, data “cherry picking”, ambiguous methods, 
poor use of statistics 

Useful real-time discussion takes place on Social Media

https://retractionwatch.com/




These papers do not concern only COVID but date back
many years

The concern is currently focussed on general 
“warning flags” which are often associated with
other issues in methodology





This touches on all fields … 

Note:  Wikipedia is a very good source of
impartial and reliable information
on topics of science “debate” but it is useful 
to check in multiple languages ! 



The key message of the day is to encourage everyone to evaluate 
everything they read and everything they say using the same criteria 

and methods that we use when we do science.

How much of what we may “believe” to be true have we actually 
evaluated and studied using reliable sources? 

Key message



Key message

Even in fields beyond our specific expertise, our training gives us the skills to 
comment usefully on all issues relating to the abuse of the scientific method.

The consequences of saying nothing are clear.  

Is fighting disinformation our job?

If we do not use our skills to do something, who will?  



Scientists have regularly shown leadership on issues that bridge science, politics, & society

We first use our scientific knowledge to solve specific problems, but increasingly we must 
also speak out more to combat misinformation. But this has to be done the right way.  

I have always felt that scientists should 
provide public service …

Charles Townes
How the Laser Happened: Adventures of a Scientist.

For a successful technology, reality must take 
precedence over public relations …

Richard Feynman
Personal Observations on the Reliability of the Shuttle, 1986

Let us strive to provide equal 
opportunities to all 

Abdus Salam
Nobel Banquet, December 10, 1979.

Key message



ask me 

anything
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