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A guide to science communication training
for doctoral students

Christina Maher, Trevonn Gyles, Eric J. Nestler & Daniela Schiller % Check for updates
Three As of effective science communicators Key modules
Accessible - Science education
Convey scientific concepts clearly to a wide range of - Science writing
audiences, regardless of age and background - Science podcasting
Accountable - Data visualization
Foster trust through transparent communication and - Public outreach
responsible dissemination of information - Science policy
Adaptable - Social media
Use diverse communication tools to reach audiences - Improvisation

across media and contexts - On-camera presentation




Table 1| Effective science communication course breakdown

Module topic

Objective

Project

Evaluation

Written communication modules

Science on social media

Learn to develop professional identity
and create an online presence for
scientific discourse

Creation of a personal website or a
social media account for the purpose
of conveying scientific knowledge

Feedback on ways to improve their
social media presence to appeal to their
professional interest

Creating a science curriculum

Learn inclusive teaching technigues for
middle school science education

Design of a lesson plan, application
of teaching techniques learned
during workshop

Quality and relevance of lesson
plan, effectiveness of teaching
techniques applied

Illustration and visualization

Learn techniques for visualizing data and
scientific projects

Creation of graphical abstracts of
student’s dissertation project

Feedback on figures to improve
schematic quality

Science writing for non-science
audiences

Learn principles of popular science
writing and journalistic reporting

Creation of a science blog post,
op-ed, or commentary geared
toward non-scientists

Peer review of written pieces and
implementation of feedback to improve
reader accessibility

Oral communication modules

Improvisation and on-stage
performance

Develop skills in science communication
through improvisation, role play,
and storytelling

One time participation in on-stage
performance of improvisation,
storytelling or similar

Improved ability to think creatively
about science communication,
increased confidence in public speaking

Public engagementin Learn skills for engaging with the Development of a strategic planfora  Effectiveness and relevance of public
neuroscience public, brainstorm ideas for public public engagement initiative engagement initiative
engagement initiatives
Science podcasting Learn interview techniques, practice Create one podcast episode and/or Understanding of key elements of
interviewing skills participate in podcast interviewing science podcasting, quality of interview
skills demonstrated
Science policy and advocacy Learn how to approach and pitch to local  Plan or participate in a meeting with Efficacy of the communication strategy

government representatives

your local representative to advocate
for science

and feedback from meeting with local
representative




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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Research ecosystem The reality
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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 !!
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Useful Analogy
View communication as an impedance matching problem.
If you do not adapt to the audience, what you say will be reflected back !!
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Useful Analogy

View communication as an impedance matching problem.
If you do not adapt to the audience, what you say will be reflected back !!
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This advice applies to one-on-one interactions

TECHNICAL
RESEARCH
GOALS

PROFESSOR / PI’

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

P
PhD Student> = %‘Student} -+ %‘Employe@

.

("

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 ...

&




Scientist to Scientist - publishing papers

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!

PHOTONICS

FOCUS

Ten Simple Steps to Writing
a Scientific Paper

Andrea Armani‘s 10-step formula for writing a scientific paper is
useful to anyone who feels the dread of the blank page looming

IEUS high-power laser p.22
Portable light sheet microscopy p.28
Natural lasers p. 32

SPIE. | January/February 2020

What is the key message af your paper? Be able toarticulate
it in one sentence, because it's a sentence you'll come back
ta a few times throughout the paper. Think of your paper
as a press release: what would the subhead be? If you can't

Ofall thesections, the methods seetion is simultaneonslythe
easiest and the most impartant section to write accurately.
Any results in your paper should be replicable hased on
the method: ion, so if you've developed irely new

articulate the key discovery ar in a single
sentence, then you'e not ready to write a paper.

The visian statement should guide your next important
decision: where are you submitting? Every journal has a
differentstyl i i ‘Making this decisi
before you writea single wardwill save you alot of timelater
an.Onee you choase a journal, check the websitefar require-
‘ments with regards to formatting, length limits, and figures.

2.D0N'T START AT THE BEGINNING

Logically, it makes sense to start a paper with the abstract,
or,atleast, the introductian. Don't. You often end up telling.
a completely different story than the one you thought you
were going to tell, If you start with the introduction, by the
time everythingelse is written, ouwil likely haveto rewrite
bath sections.

Figures are the best place to start, because they form the
‘backbone of your paper. Unlike you, the reader hasn't been
living this research far a year ar more. S, the first figure
should inspire them to want to learn about your discovery.
A classic organizational approach used by writersis“story-
baarding” where all figures are laid out an boards. This can
e done using software like PowerPaint, Prezi, or Keynote.
‘Oneapproach is to put the vision statement on thefirst slide,
and all of your results on subsequent slides. Ta start, simply
inchide all data, without concern for arder or importance.
passes can eval idation of data sets
(e g, forming pand figures) and relative importance (e.g.,
‘main text vs. supplement). The figures should be arranged
in a logical order to support your hypothesis statement.
Notably, this order may or may not be the order in which
you took the data. If yor're missing data, it should become
obvious at this point.

PHOTONICS FOCUS JANUARY/FEBRUARY 2020

method, write it out in excruciating detail,
induding setup, controls, and protocdls, also manufacturers
and part numbers, if appropriate. If youre huilding on a
previous study, there’s no need to repeat all of thasedetails;
that’s what references are for.

One common mistake when writing a methods section
is the indusion of results. The methods section is simply a
recard of what you did.

The ing the
Jjournal is important. Some journals integrate the methods




Most papers follow the same basicstyle

“Nature-style”
pyramid

“Classic”
pyramid

Methods &
Details

"""""""" |

Results & Conclusions

Methods in Detail !

Results & Conclusions



Most papers follow the same basicstyle

“Nature-style”
pyramid

“Classic”
pyramid

Methods &
Details

"""""""" |

Results & Conclusions

Methods in Detail ]
Supplementary Material Supplementary Material

Results & Conclusions



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

Ten Simple Steps to Writing
a Scientific Paper

WRITE A VISION STATEMENT
DON’T START AT THE BEGINNING
STORYBOARD THE FIGURES

WRITE THE METHODS SECTION
WRITE THE RESULTS & DISCUSSION
WRITE THE CONCLUSION

NOW WRITE THE INTRODUCTION
ASSEMBLE THE REFERENCES
WRITE THE ABSTRACT

THE TITLE COMES LAST

L 00N WD R

[EEY
©

Andrea Armani, SPIE Photonics Focus Jan/Feb 2020

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”



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

-
-
1

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

D YouTube ™ michal lipson writing a &

3= FILTER

=

"Scientific Writing", by Prof. Michal Lipson

6.2K views = 3 years ago

o CCMR

Prof. Michal Lipson gave the below talk on scientific writing at Cornell University.




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 Al 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

EndNote

Zotero

Mendeley

EndNote

MSU has made EndNote available on
campus computers. You can set up
preferences to search within specific

databases and collect citations
through a personalized interface, with
hundreds of citation styles available.

Takes longer to learn, training
recommended.

Personal copies of EndNote are
available for a fee through the
Computer Store, or free on campus
computers. Since EndNote is desktop-
hased, syncing between devices can
be challenging, but continues to

EndNote Desktop: your computer's
storage capacity.

EndNote Web: 2 GB free, unlimited
with purchase of EndNote Desktop.

CONSIDERATIONS FOR USE

zotero

Zotero is a free software that you can
download and use on Firefox, with
plugins for Chrome and Safari. It
saves citations and connections to
online media, and takes screenshots
of your internet research.

LEARNING CURVE

Quick to learn, especially with training.

Zotero is used with your personal
browser — to use it on multiple devices
you have to carry your library settings

on an external device or sync via

Firefox, which is not secure on a

public computer.

Zotero Desktop: your computer's
storage capacity.

Zotero Online: 300 MB free, additional
space for a fee.

AR MENDELEY

Mendeley is a free software that you
can download to your computer or use
in-browser. It takes all of your PDF
article files and organizes them. It
allows for tagging, and has a growing
community of scholars.

Quick to learn, especially with training.

Mendeley has some difficulty
downloading citations and PDF files
from library databases. Older PDF
files that do not have proper metadata
will not give proper citation information
to Mendeley.

improve.
STORAGE SPACE

Mendeley Desktop: your computer's
storage capacity.

Mendeley Online: 2 GB free.

-

BIBTEX users

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 { }

Y « JabRef




Citation management and paper writing tools

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

Google Scholar

Google Scholar Profiles are easy to set up Set up your Google Scholar Profile

About Search Profiles

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

PLoS ONE | DOI:10.1371/journal.pone.0115069 December 19, 2014
O PLOS | one
RESEARCH ARTICLE
An Efficiency Comparison of Document
Preparation Systems Used in Academic
Research and Development

* BIEX

Markus Knauff*, Jelica Nejasmic

Time needed

4 totypeset

75% of submissions to scientific journals are not in LaTeX Word
or

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

mathematics and bibliographies

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

>
Document “complexity”



‘ Citation management and paper writing tools

©

ChatGPT

B Microsoft Bing Q_ SEARCH ¥ COPILOT B NOTEBOOK

@ Ask me anything...

69
O

QuillBot

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 Al-speak ...

BUT BE CAREFUL



Scientist to Editor: most journals now want a cover letter

Papers — the “pyramid”

Details &
Methods

Results & Conclusions

Cover letters — the “inverted pyramid”

The main point

(bottom line)

Why is this
interesting?



Scientist to Editor: cover letters use a different style

Cover letters — the “inverted pyramid”

Inverted Pyramid writing is used to get to , ,
. o The main point
the point quickly:

(bottom line)
Stressing impact to pass

editorial screening

Why is this

Press Releases after publication . _
interesting?

Grant Proposal abstracts



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?

‘ Adapt your message to your audience \




‘ Scientist to VIP: the elevator pitch

OUR THESIS.
?l(l MINUTES:
AN

_WHY YOURE DoONG (T

This applies at all career stages

HOW YOURE We ask out students to prepare concise
PolNG (T “ ” : :
elevator speech” summaries of their work

HOW (T RELATES TO

N o oL We need to do the same

Prepare not improvise

© Jorge Cham phdcomics.com

‘ Adapt your message to your audience \




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 lllustrator 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)

Raster vs. Vector

VSVS

Raster Graphics

Vector Graphics

They are composed of pixels.

They are composed of paths.

In Raster Graphics, refresh process is independent
of the complexity of the image.

Vector displays flicker when the number of
primitives in the image become too large.

Graphic primitives are specified in terms of end
points and must be scan converted into
corresponding pixels.

Scan conversion is not required.

Raster graphics can draw mathematical curves,
polygons and boundaries of curved primitives only
by pixel approximation.

Vector graphics draw continuous and smooth lines.

They occupy more space which depends on image
quality.

They occupy less space.

File extensions: .BEMP, .TIF, .GIF, .JPG

File Extensions: .SVG, .EPS, .PDF, .Al, .DXF




Quality graphs

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

-

\
Make Data, Basic Figures Layout Tweaks
<\ MATLAB ®
learn all the IN KSCAPE
save options
@, python’
many others ... y

-

Data and Page Layout Options

¢ ORIGINPRO 2020

Much Faster Data Import
Much Easier Graph Customization

Igor Pro 8

~

NN~

\_

many others ...

J




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

\ ¢

*

More time to write
Higher Rejection Rate
Lost Time in Multiple Reviews

Perceived Visibility in a High
Impact Journal



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

| need a paper soon to graduate | don’t mind waiting for 12 months

| want a high impact paper for my CV | need a paper soon for a grant proposal




Where are you in the development cycle ?

Gartner Hype Cycle 7 ) WikiPEDIA

The Free Encyclopedia

A VISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger TIME

ADVANCED
PHOTONICS




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

Idea

Theory Pt'[anuscriplt —
Hypothesis Reamrch (proposed article)
and Send to
Write journal Decision is made to
editor accept, revise, or reject
Reviewed
by 3-5

experts in

the 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!

The Physi-
cal Review received Einstein’s submission on 1 June 1936,
according to the journal’s logbook. Tate returned the man-
uscript to Einstein on 23 July with a critical review and

. the mild request that he “would be glad to have [Einstein’s]

September 2005 PhySICS TOday reaction to the various comments and criticisms the ref-

. ° eree has made.” Einstein wrote back on 27 July in high
EInStEIn Ve FSUS the dudgeon, withdrawing the paper and dismissing out of

h o I o hand the referee’s comments:
Physical Review |

Dear Sir,

Daniel Kennefick We (Mr. Rosen and I) had sent you our man-

uscript for publication and had not authorized
yvou to show it to specialists before it is printed.
I see no reason to address the—in any case er-
roneous—comments of your anonymous ex-
pert. On the basis of this incident I prefer to
publish the paper elsewhere.

Respectfully,




Peer review is an important first step

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

Most scientists regarded the new streamlined peer-review process
as “quite an improvement.”



Final thoughts on writing papers

\

Do not underestimate your work
VI OIS CYS
Rejection & criticism happens to everyone BEWARE OF

throughout their career — drafts, papers, IMPOSTER

grant proposals, jobs, prizes, ...
SYNDROME
Reviewers can miss the point, make mistakes I T ELLETTSFS

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



Communicating about yourself

nature ==

" CAREER COLUMN - 06 MARCH 2018

‘Why scientistsneed to market themselves

- Togetgrants and jobs, know where your skills will be valued and how to promote

- them, says Peter Fiske.

| Peter Fiske

R p
Foy AN
R DISCon . k’\ln\
X




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

e N e ~ ' A

Priorities of Institution 1

- Papers published
- Talks given
- Funding obtained

- Teaching experience

Priorities of Institution 2

- Funding obtained

- Papers published
- Talks given
- Teaching experience

Priorities of Institution 3

- Teaching experience
- Papers published
- Talks given

- Funding obtained

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

Inconsistency Radar

Economy of expression

The idea is the key

Structure

Honesty

Scientists and engineers are generally known for attention to detail —
sometimes extreme!

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

Science communication should be short and to the point.

Ideas and results matter more than the words.

A clear logical flow of ideas from introduction to conclusion.

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 astronometr,
author, and science communicator

He assembled the first physical messages sent into space:
the Pioneer plague 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

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.

| 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. | will now change my political affiliation.”

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)



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

15 FEBRUARY 2018 | VOL 554 | NATURE | 277

WORLD VIEW............

Train PhD students tobe
- thinkers not just specialists

Many doctoral curricula aim to produce narrowly focused researchers rather
than critical thinkers. That can and must change, says Gundula Bosch.




Where do you want to end up?

Careers outside research & teaching

Non-university

Lt 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.

0.45% ’

Early Career I Permanent Professor . ) ; . _ . . ;
Research : Research Staff i This diagram illustrates the transition points in typical academic

scientific careers following a PhD

© The Royal Society, 2010



‘ Where do you want to end up?

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

134 | NATURE | VOL 560 | 2 AUGUST 2018 SCIENTIFIC
AMERICAN.

CAREERS Should Staying in Academia Be

Considered a Failure?

colu M N People assume that the opposite is true, but fulfilling careers and intellectual freedom are just

. . . as abundant outside of the academy—and maybe even more so
You are not a failed scientist

PhD students who leave academia should be supported, says Philipp Kruger.

By Ahmed Alkhateeb on September 19, 2018

SALARIES: ACADEMIA VS INDUSTRY

- 1204 B Industry |
4 100 B Academia |
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Careers in science communication

COLUMp
A
e

SAS y
Science —
| Council for the Advancement of
CES
AWARDS RESOUR
E FELLOWSHIPS &
‘ )RlZONS IN SCIENC
. Science Writing
i ers in Scien
A Guide to Care S |
A Guide To Careers in Science Writing ’
‘ i Writers?
- Who e ST ers D07 5

| . What Do Scien

ECIENCEWRITERS

Connecting science and society since 1934

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



‘ Careers in science communication

nature careers

A E -( ﬂg g SCIelltlﬁC
SSOClatt’.OI SelIIOI dltﬂl E llll.’,ellll )

nare Reports
rQSC’ATCh Springer Nature

Careers at AlIP Publishing

London, United Kingdom
18 hours ago

Working at AIP Publishing means being part of a mission: to accelerate scientific discovery
while reimagining the future of scholarly publishing. From groundbreaking journals to

books, conferences and products that build new connections in the physical sciences, our

work reflects who we are: a team of dedicated, passionate people who love what we do and
i ‘J ] i

pigital Developme_nt Edito|
Macmillan Education

springer Nature

London United Kingdom

5 days ago

ociety
Sfor scholarly

i i cientl
Associate or senior Editor (Physics), S
ss
namre. Reports
l‘L‘SL‘aTd‘l Springer Nature

Senio”'ty Leve/™ ' »
Entry levef

London, United Kingdom

6 days ago

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”
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‘ Reaching out is important

282 | JUNE 2020 | VOLUME 2 www.nature.com/natrevphys

VIEWPOINT

Reaching out

Katherine Mack, Karl Kruszelnicki, Lisa Randall, Jessica Wade, Jim Al-Khalili
and Vlatko Vedral

In the midst of the COVID-19 pandemic, science is crucial to inform public policy.
At the same time, mistrust of scientists and misinformation about scientific facts
are rampant. Six scientists, actively involved in outreach, reflect on how to build a
better understanding and trust of science.

Show the world who we are
Tell the truth

Tackle misinformation
Share the spirit of science

Stress the scientific method



Reaching out is important
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COMMENT

'} Check for updates

Communication is central to the
mission of science

Sonia Contera

The future of our species and planet hinges on our scientific creativity to tackle future challenges.
However, the trust of the public in scientific processes needs to be earned and kept, which will
require inclusive, self-reflecting, honest and inspiring science communication.

Show the world who we are
Tell the truth

Tackle misinformation
Share the spirit of science

Stress the scientific method



Our role in fighting fake news and disinformation
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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



Key message of the day

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




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?

Every country has newspapers that promote stories that are clearly false

ws Space creature survived

UFo mlsh in Arkansas'

WEEKLY WORLD

lllllllll

R

sl !‘i: i"'l l,"

:!l :lll| i g
iLa

SIGHTINGS __________

July 23 1991 June 15 1993

Although humorous, does this create a pathway towards believing the absurd?
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‘ Other media frame fake news to influence politics

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

[ unv | 5 February 2017

TOPU.S. SCIENTIST: DATA THAT CONVINCED PARIS SUM
TO INVEST BILLIONS IN (lM‘I’E CHANGE WAS MANIPULATEL

How world
leaders

were duped
over global
warming




‘ Retractions are published, but many months later

April 2018

CORRECTIONS & CLARIFICATIONS

At The Mail on Sunday we take great pride in the quality of our journalism. All our journalists are
uired to observe the Editors’ Code of Practice and The Mail on Sunday is a member of the

I ent Press Standards Organisation (IPSQO), the new regulatory body for the Press set up in

response to the Leveson Inquiry. We aim to correct any errors as promptly as possible.

. In September, 2017, articles on February 12 known - irrefutably and as
the Independent Press and February 19 contained fact - to be critically
flawed, based on mislea

tandards Organisation claims an
upheld a complaint against influential study about global unverified data, and had |
a February S article warming, which have been world leaders to be duped
‘Exposed: How world leaders found to be in breach of the by its findings. Corrections
were duped over global Editors’ Code: namely the to these articles have been
warming’. Two su uent claim that the study was published online.
@ If you wish to an inaccuracy, please email corrections@mai .co.uk. To make a formal
complaint under IPSO rules please go to www.mailonsunday.co.uk/ itor where you will find an

easy-to-use complaints form. You can also write to Readers' Editor, The Mail on Sunday, Northcliffe
House, 2 Derry Street, London W8 5TT.




US views on climate change are very concerning

Does Human Activity cause Climate Change?

Climate Scientists American Public

" N D" 5

"Yes" "Yes”

"ND" D-r 5 r
"Don't know"

Yale Project on Climate Change Communication (2021)

https://climatecommunication.yale.edu/



Disinformation and Health - Smoking

He's one of the bus
€ n. Wh |h
d)urn } }U,[E « Hlou
21

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.
Aecording to a recent Nationwide survey:

More Docrors smoke CAMELS
..THAN ANY OTHERCIGARE’[TE

4 )

Journal of Public Health Research 2017; volume 6:878

The tobacco industry: the pioneer of Fake News

Martin McKee
London School of Hygiene and Tropical Medicine, London, UK

FROM THE COLLECTION OF STANFORD RESEARCH INTO THE IMPACT OF TOBACCO
J . =
ADVERTISING




‘ 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

2004

2010

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

Wakefield’s co-authors retract association.

The Lancet found falsified data and
retracted the paper

VOLUME 16 | NUMBER 3 | MARCH 2010 NATURE MEDICINE

NEWS

State of denial

Scientists regularly debate hypotheses and interpretations,
sometimes feverishly. But in the public sphere, a
different type of dissension is spreading through media
outlets and online in an unprecedented way—one that
challenges basic concepts held as undeniable truths by
mast “Science is the rejection of
the scientific consensus, often in favor of a radical and
controversial point of view. Here, we list what we see as a
few of todays most wocal denialists spreading ideas that
counter the consensus in health fields.

—Mark and David Geler: This father-son duo, based
- in Washingtan, DC, was amang the first 1o publish
TEYE | claims that the thimerosal pressrvative used in
— © pertain vaccines eauses autism (1 Am. Physicians

g .  Surg. 8 6-11, 2003). Mark Geler holds a doctorate
L S = * i genetics; his son, David, has & bachelors degres
L j in bickagy. Together, they proamate therapies for

autism including chelation, the use of chemicals.
to remave heavy metals from the body, and Lugron, 8
g used to breat prostrate cancer and chemically castrate sex
affenders. Mark Geier has testifbed in support of the thimerosal-
autism link 8s an expert witness at vaccine trials across the US;
MAUFMENSUS Fgorous studies, howeves, have dismissed this link.

—David Rasniek: A biochemist who studied prolesss
inhibitars in the pharmaceutical industry, Rasnick
i& the former pregident of Rethinking AIDS, an
Betivist group that calls for the reappraisal of
the ‘befie!” that HIV eaises AIDS. Rasnick
Wi also & member af South African president
Thabo Mbekis AIDS Advisory Panel; as part of
the panel, Rasnick angued that AIDS does not
exist and suggested that HIV testing be outlzwed
and antiretroviral drugs ne longer Lsed in the country.
Although not Hnking their findings to Rasnick, twa studies have
independently estimsated that mare than 330,000 lives were lost in
South Africa between 2000 and 2005 bacause of the delayed use
of antiretrovirals [ Acguir. immune Defie. Syadr. 49, 410-415,
2008; Afr. Aff. 107, 157-176, 2008}

—Sandy Srware: A food editor and writer,

Sawarc has rejected the idaa that indivduals

with obesity face & heightenad risk of FRe) :
prematune death. Srware, & registened nurse, P 1} il
calls govermment antiobesity efforts “a grossly -
exaggerated and fabricated scare campaign.”

On her blog “ Junkiood Seience ™ Soware prasents the ‘obeaity

paradaex,’ which refers to the alleged health benefits associated

wilth abeaity, such 88 reperts that sbese individuals may have

highes survival rates of caranary artery disesse than their normal-

weight counterparts. Scientists reviewing this data, howeves, have
sisggested that this higher survival £ate might be due ta moee

agaresaive traatment of peaple with obesity and ather {acters.

—Wallgang Wedarg: Wodarg is 2 Gemnan physician and past
head af bealth at the Counell of Europe. Wooarg recently made
headlings accusing Ml aug and vaccine makers of
influenicing the World Health Organization (WHT)
1o declare swing Hu @ pandermic. In & recent
interyiew, Wodarg ealled the HLNT suthreak

=ane of the greatest medical scandals of the
century,” and he has made a mation that the
Fasliamentary Assermbly of the Council of Eufape
begin an immediate ineestigation into the matter.
The WHD has ealied allegations by peaple who
say that it created a false pandennic & “sclentifically

wrang” and “irmesponsibie.” The health agency slressed that “[t]he
world is gring through & real pandamic

—Michasl Fumestn: Furments is 8 journalist and suthor of sedernal
books, ing The Myth of } AIDS. He writes
reguiarly about the pramise of adult stem cells and the
danger ol embryonie sterm cells on his blog, “Advise
and Dissant,” and for such outlets as the New
York Fost and Forbes Online. Fumento claims.
embryonic stem cell research |5 both “a dead
end,” Tuseled by a greedy lobby, and dangercus,
despite sidence from animal shudies suggesting
s promisa. He uses a picture of & tumar with
teeth and hair growing from it to (llustrate his point.

Megan Scudellaré, Durkam, North Carolina

A timeline of the Wakefield retraction

28 Februwy Gastroenderologist Ancrew Wakefield
reports in The Lancet that his team has found 2
“genuinely new syncrome”—a link between the
meeasies, mumps and rubells (MMR) vaccine

and an increased nsk of autism [Lancet 381,
B37-541, 1908)

& April Wakefield and Dublin pathologist
John OLeary present research io a U3

measles virus in their gut.

2002-2004 Numerous studies
published in GMJ, The New /
England Joomal of Medicine, The R
Lancet and other journals find no
link between MMR and autsm.

28 January The UK General Medizal
Council rules that Wakefield acted
“dishonestly and iresponsibly,” and
showerd “callows disregard” for the
susffiering of childeen involved in his
controversial ressarch.

6 Masch Ten authors on the 1958 paper
imsue 3 retraction {Lancet 363, 750, 2004), 2 Febsuary The Lancet retracts Wakefizld's
congressional committes showing that 24 of and The Lancef’s editor says the journal, in
25 autestic children tested had traces of the hindsight, should not have published the
shady (Lancet 363, 747-749, 2004).

1598 paper, noting slements of the manuscript
proved 1o be false [Lancer doi:10.1016/30140
BTIE(10M0175.7, 20000,

WOLUME 16 | NUMBER 1 | MARCH 2010 NATURE MEDICINE



EU survey in 2018 — are vaccines safe?

Vaccines

are safe
STATE OF VACCINE i o,
CONEBENCE . Finland 89.0% (6)
/ ._ France 69.9% (26)
a~ -y | Germany  83.6% (13)
=4 - 0
T o, - | Sweden 83.7% (12)
S0 ug
= \ | UK 89.9% (5)
; A report for the European Commission by /
o P | g2l e / France ranked almost last (26/28) amongst
e | i member states when asked if vaccines are safe
B

https://health.ec.europa.eu



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

vaccines |
are safe

the MMR
vaccine is safe

the seasonal influenza |
vaccine is safe

vaccines |
are effective

vaccines are compatible |
with my religious beliefs

0 25 50 75 100
percentage of respondents agreeing (%)

strongly agree  tend to agree . do not know . tend to disagree . strongly disagree

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



Measles

Diphtheria Polio Pertussis

The evidence has been clear for half a century

Number of reported cases e
700,000 . ® \accine licensed
100,000 . N
10,000 £ A .
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A 2018-2022 EU study has tracked tendencies with time ...

State of Vaccine

Confidence in the Vaccines are safe
European Union

o Germany Finland France

2 100

< 60 o
18 20 22 18 '20 '22 18 '20 '22
4 P = year

iy "“ '«- J 3|
N 4 Pt
N = "\
Written by

A. de Figueiredo, R L. Eagan, G. Hendrickx,
E. Karafillakis, P. van Damme

August 2022

Age group -*- 18-34 -+ 65+

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



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

© O
o O

% respondents agreeing
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https://health.ec.europa.eu/

Vaccines are safe
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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

. Mar 2020: Apr 2021: All adults
Excess death rates by registered party COVID-10 begins b
75 :
50 A
‘ [ Republi
. : epublican
X :
4 15 [{ \ 5 \J voters
o | | ' - Democratic
?! . . Y VY ydt 'y e S Y ’ ri LW e
, § Florida and Ohio
- 5 T T T T T T T : T T T T T 1
Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan
2018 2019 2020 2021 2022

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

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

FALSE LOGIC

Science & facts suggest | need to change how | live

But | do not want to change

Therefore the science must be wrong

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

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

THE SQUARE OF THE HYPOTENUSE IS :
EQUAL TO THE SUM OF SQUARES OF
THE OTHER TWO SIDES.

IMBUG @O S8




What is going on? Motivated Reasoning and anti-science

FAKE SHILLFOR [
ate I'M
NUMBERS! BIG TRIG! J "bcraren | ENTITLED

ON HIS TO My
' N\ DEATHBED. OWN
LY HA! YOU TRUST - OPINION. ,
i MAINSTREAM I .
MATHEMATICS? ,

. I 4 ¥ THAT'S WHAT
THEY WANT US

IT'S ONLY -
A THEORUM, o A T0 BELIEVE!

h- - i i

' TRIANGLES WERE BUILT
CONSPIRACY! aerdiINar, BY ANCIENT ALIENS.




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

Socius
Volume 10, 2024
© The Author(s) 2024, Article Reuse Guidelines

https:/doi.org/10.1177/23780231241237654 First pu blished online Apri| 4 2024

Original Article

The Status Foundations of Conspiracy Beliefs

Saverio Roscigno

Abstract

Prior survey research has mostly centered on the psychological dispositions and political leanings associated with
conspiracy beliefs rather than underlying and potentially consequential status dynamics. Drawing on prior scholarship
and recent national survey data, | analyze the social patterning of conspiracy beliefs and their variations by several status
attributes. Notably, and rather than the typical assumption that such beliefs are mostly held by those of lower education,
my findings point clearly to a bimodal (U-shaped) distribution by socioeconomic status. Specifically, and unique to my
results, there exists a cluster of graduate-degree-holding white men who display a penchant for conspiracy beliefs.
Further analyses highlight important variation between specific beliefs, with distinctly taboo beliefs being exceptionally
popular among those in this highly educated group—a pattern corroborated with additional data sources. | conclude
by discussing potential mechanisms and avenues that future sociological work on conspiracy beliefs might consider.



‘ The social dimension of anti-science is complex
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Figure |. Bivariate association between conspiracy beliefs and education (N=2,015).



The social dimension of anti-science is complex
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Figure 2. Bivariate association between conspiracy beliefs and income (N=2,015).




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



Responding to common objections

“It is scientific to keep an open mind”

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

— Carl Sagan, Walter Kotschnig

“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



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

4 N
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
\_ J

Opposing opinions or ideas do not necessarily have equal validity



What about debate within the scientific community?

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

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




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

Retraction Watch

Tracking retractions as a window
into the scientific process

PUBPEER

The online Journal club

Useful real-time discussion takes place on Social Media

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


https://retractionwatch.com/

“ Flo Débarre
@flodebarre

Publication ethics: a short-story in 3 pictures

International Journal of Antimicrobial
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Available online 20 March 2020, 105949
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Times
lIIHE Higher
Education

Concerns over dozens of papers from
Marseilles medical institute

Plos puts warnings on almost 50 papers after alleged reuse of ethical approvals,
undeclared conflicts of interest and publication rates equivalent to an article every
three days

December 14, 2022 n m ﬂ
Ben Upton

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

Retraction
Watch

April 3, 2024

Embattled researcher Didier
Raoult earns more than 100
expressions of concern and
another retraction

An Elsevier journal has issued just
over 100 expressions of concern for
papers published by a group of re-
searchers led by the French microbi-
ologist Didier Raoult, who also
notched a new retraction — his tenth —

in a separate publication.

As we and others have reported,
Raoult’s work during the COVID-19
pandemic drew intense scrutiny

Didier Raoult

from data sleuths, most notably Elisabeth Bik — whose critiques, which
extended beyond his COVID studies, were met with vicious online
trolling and a legal complaint filed by Raoult himself.




D. Barraud, L. Besancon, E.M. Bik et al.

Available online at

ScienceDirect
www.sciencedirect.com

Elsevier Masson France Therﬂ ieS
EM|consulte

www.em-consulte.com

LETTER TO EDITOR

Why the article that led to the
widespread use of
hydroxychloroquine in COVID-19
should be retracted

Discussion

The consequences of this article, with results quickly
spread all around the world by influencers and several
politicians including presidents, were countless. Hydroxy-
chloroquine was rapidly promoted as an easy fix, allowing
government leaders to downplay the seriousness of the
COVID-19 pandemic and ignore advices formulated by
numerous medical experts [4]. Despite many attempts to
replicate the results of the Gautret et al. paper, later
systematic reviews and meta-analyses found no evidence
that HCQ prophylaxis or treatment (associated or not
with azithromycin) reduced COVID-19 related mortality,

the groups repartition by age (control 34, IQR 14.5—64.3 vs.
treatment 51.5, IQR 41.5-59.3) may also explain a higher
viral load in the control group since peak viral load is asso-
ciated with age.

Furthermore, in January 2021, Gautret et al. published

The flawed conclusions from Gautret et al. have quickly
disseminated globally. The scientific community identified
the methodological, biomedical and ethical concerns days
after its publication. Nevertheless, three years and more
than 6,000 citations later, the paper has not been retracted.
If its influence on medical professionals and policymakers
seems to be declining with time, it remains still prominent

among conspiracist groups, with potentially devastating

effects, leading to increased mortality directly associated
with hydroxychloroquine’s adverse side effects, or indirectly
by strengthening anti-isolation and antivaccination opinions.




‘ This touches on all fields ...

List of scientific misconduct incidents

" _ 1 Biomedical sciences
:’*’ : 2 Chemistry
AR 3 Computer science and mathematics
Rowm 4 Philosophy
P 5 Physics and engineering -
WIKIPEDIA 6 Piant biology
The Free Encyclopedia 7 Social StiEnces

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 !

\Qs Journals - Physics Magazine APS News

-
Ph)/SlCS ABOUT BROWSE PRESS COLLECTIONS [NeWSEENIERHIES

Allegations of Scientific
Misconduct Mount as Physicist
Makes His Biggest Claim Yet

March 9, 2023 - Physics 16, 40

Condensed-matter physicist Ranga Dias and his colleagues reported on Tuesday the
discovery of a room-temperature, near-ambient-pressure superconductor; Dias is also
being accused of committing scientific misconduct, including data manipulation and

plagiarism.

nature

NEWS FEATURE ‘ 08 March 2024

Superconductivity scandal: the
inside story of deceptionin arising
star’s physicslab

Ranga Dias claimed to have discovered the first room-temperature superconductors,
but the work was later retracted. An investigation by Nature’s news team reveals new
details about what happened — and how institutions missed red flags.



Key message

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

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.
s fighting disinformation our job?

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



Key message

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

| have always felt that scientists should Let us strive to provide equal For a successful technology, reality must take
provide public service ... opportunities to all precedence over public relations ...

Charles Townes Abdus Salam Richard Feynman

How the Laser Happened: Adventures of a Scientist. Nobel Banquet, December 10, 1979. Personal Observations on the Reliability of the Shuttle, 1986

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.



ask me

anything
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