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  First Principles: Explaining 
Science Through Stories           

  The greatest scientists are always artists as well. 
 (Albert Einstein cited in  Henderson, 1955 )  

 This book is about science and the art of storytelling. It is a book that builds 
on the commonality between the scientific process and narrative structure. 
It will help you become a better communicator. It will help you to embrace 
your artistic side and tell good stories about your work. 

 Although stories can 
be fanciful constructions, 
they can also relate true 
events with the artist’s 
craft. Creative non-fiction 
is not fanciful. It adheres 
to the reality of events 
as closely as a scientist 
interpreting her results. 
This book is creative non-
fiction. It uses factually 
accurate prose to describe 
scientific research and uses 
the storyteller’s sensibility 
to present these facts. The 
author, a scientist, is also a 
storyteller and a teacher of 
storytellers. He brings this 
experience to his work on 
scientific communication. 
Communication is the process of developing shared meaning. It shapes our 
experience of the world and of each other ( Craig and Yewman, 2014 ). If we 
want our work to be taken seriously, we need to learn to be better commu-
nicators. This book is about how to do that. 
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  The scientific process has the same structure as a story. The process 
begins when a scientist finds a problem with existing knowledge. She forms 

a new hypothesis, gener-
ates data, and finally inter-
prets the data and draws 
conclusions. This process 
matches the way stories 
have been told since time 
immemorial. A charac-
ter is introduced in the 
context of the world as it 
exists (the current state of 
knowledge). Something 
happens (conflicting 
data) that causes them 
to question that world 
and changes their goals 

(the new hypothesis). They set out on an adventure (data collection, test-
ing the hypothesis) with occasional setbacks (problems, unexpected results). 
Eventually they reach their goal (results) with new knowledge for the world 
(conclusions and significance). A new synthesis is reached. Existing knowl-
edge is changed. The process begins again. It is a classic story played out 
in experiments and published in scientific journals. It is the hero’s journey 
( Campbel, 1949 ). Let us begin with an example of scientific research and see 
how it fits this classic structure. 

  Dr. Pieter Visscher, Professor of Marine Sciences at the University of 
Connecticut, and his colleagues were interested in the oldest life on Earth: 
microbial communities that existed for over a billion years before there 
was oxygen in the atmosphere. These microbes secreted calcium carbon-
ate and created layered limestone rocks called stromatolites. Because they 
existed billions of years ago, no one knew exactly how they captured energy 
from the sun. There was no oxygen, so they could not have used oxygenic 
photosynthesis or aerobic respiration to store and release energy. When 
Dr. Visscher’s team found arsenic in fossil stromatolites they speculated that 
the ancient microbes may have used different kinds of arsenic as an elec-
tron donor in photosynthesis and an electron acceptor in respiration ( Sforna 
 et al ., 2014 ). They wondered if similar modern-day communities also use 
arsenic, without the presence of oxygen. If they do, the team would have 
evidence for their theory. To test this idea, they looked for living stromato-
lites in the extreme conditions of the high Andes. In a small stream deep in 
the Atacama Desert they found bright purple microbial mats that thrive in 
the complete absence of oxygen and build stromatolites. Just as the clues 
they had found in ancient fossils suggested, these microbes used two dif-
ferent forms of arsenic to perform photosynthesis and respiration ( Visscher 
 et al ., 2020b ). Their discovery offers the strongest evidence yet for how the 
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oldest life on Earth survived in a world without oxygen ( Visscher  et al ., 
2020a ). The fit with classic story structure is amazingly good. 

 Visscher  et al . began their work in the familiar world where they knew 
that stromatolites existed, but they did not know how they captured energy. 
Based on their knowledge of the mechanisms of anoxygenic photosynthesis 
(current state of knowledge), they took their first step into the woods and 
investigated the composition of ancient stromatolites. 

 They found arsenic (conflicting data). Based on this they took a further 
step and speculated that the ancient microbes used arsenic as an electron 
donor in photosynthesis and acceptor in respiration (the new hypothesis). 
Now they had to gird themselves with the tools of modern chemistry and 
investigate the chemistry of contemporary stromatolite communities. If 
these microbes used arsenic for photosynthesis and respiration, the scien-
tific adventurers would have evidence for their theory. To test this idea, they 
searched for living stromatolites in the extreme conditions of the high Andes 
(data collection, testing the hypothesis). Returning to their labs with samples 
collected under the most extreme conditions they found that these microbes 
used two different forms of arsenic (results). They returned from the woods 
with new knowledge (conclusions and significance). Their discovery changed 
our understanding of the oldest forms of life on Earth. 

 For Dr. Visscher and his team, and for every scientist who publishes 
their work, science is about changing the world ( Besley, 2020 ). We do sci-
ence to enrich our own understanding. We communicate our results to share 
that understanding with the world. As meaningful as the results are to us, 
we find that meaning heightened when we share them with others. 

 After the author had finished his first presentation at a major scientific 
meeting, one of the scientists in his field, someone whose work he had been 
reading during his studies, introduced herself and congratulated him on a 
nice presentation. While it felt good to pass his oral exam, turn in his disser-
tation, and graduate, there was nothing quite like the feeling of appreciation 
that came from this acknowledgement. 

 As scientists, we have learned to study nature; to ask and answer ques-
tions; to generate hypotheses, data, and results. Now we face a problem our 
science cannot solve. Society is increasingly bent on social media constructs. 
It does not take our work seriously. It does not seem to value truth. We live 
in a post-truth world where tribal membership seems more important than 
truth, where political affiliation overrules fact, and social media is used to 
manipulate belief. It is a time when truth is not just relative but manufac-
tured to serve specific ends. We live in a society of instant gratification, one 
which seeks immediate answers to complex problems—answers that meet 
preconceived notions of how the world should be. We must, as scientists, 
as people who know that our knowledge has been hard-won and is closer 
to the truth than any other, be able to convey this knowledge to others in 
a post-truth world. This book is about how to do this. This book is about 
how to tell true stories. 
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 Whether you are a student or a senior scientist, you can learn to be a 
better storyteller. This will make you a better communicator. It will help 
people understand your work. The skills required are a natural outgrowth 
of the scientific process and of the technical communication that is part of 
every scientist’s work. In practicing them you will have the chance to inte-
grate your analytic and artistic sides. All too often scientists have had to 
shut down their artistic, intuitive sides to complete their studies. When the 
author was applying to graduate school, he asked a question while being 
interviewed at one of his top candidate schools. He asked if it would be 
possible to continue his studies in other departments, such as the history 
of art. The answer was a definite no. His application was not accepted, 
and he never asked that question again. Although his question arose from 
a certain naïvety about the amount of work it would take to complete a 
PhD, it also reflected his desire to maintain a connection to the artistic side 
of his nature. Learning to tell true stories about your research is a way to 
maintain this connection. As Manasi Kulkarni-Khasnis writes, reconnect-
ing with her interest in music helped her get through graduate school and 
complete her degree: 

  Every composition I made came with a neurological boost. My experiments 
started working, or, more accurately, the failures weighed upon me less. 
I started to see each unexpected result as a new question to explore, rather 
than as a roadblock in my own work. 

 ( Kulkarni-Khasnis, 2018 )  

 Nick Griffiths points out some of the parallels between doing science 
and playing music. 

  Neither process is smooth. In science there are unexpected results, or no 
signifi cant results at all, while in music there are technical diffi culties that arise 
as fast as you can fi x them. Also, they are both very solitary practices, though 
there are always colleagues and mentors around to help. But, it’s only at the 
concert or conference that you, as a musician or scientist, fi nally share 
everything with the world. 

 ( Griffi ths, 2015 )  

  In the following chapters, you will learn how to present your science 
as a story, both in short verbal presentations and as a poster. You will 
learn the basic structure of stories. You will see how well this structure 
fits the scientific process. Using this structure will help you to improve 
your talks both to your colleagues and to the public. These presenta-
tions will be simple, surprising, concrete, emotional, stories ( Heath and 
Heath, 2007 ). 

 This book will help you become a better communicator. It will help you 
present your research more clearly and with greater enthusiasm. It will help 
you write better grants, write better papers, and give better talks. It will help you 
present your ideas more clearly and with greater force. You will learn many 
techniques in this book. The techniques will improve your communication 
skills and help you connect with your audience. However, this book is not 
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primarily about techniques. 
It is about expanding your 
potential as a human being. 
In learning to tell good sto-
ries you will find yourself, 
not just as a scientist but as 
an artist; as someone who 
can present their research in 
a way that is easily under-
stood and has an impact 
on society. This book is 
about uncovering the parts 
of yourself that you had 
to shut down so that you 
could become a scientist. It 
is about reconnecting with the parts of yourself that are intimately connected 
with other people. 

  Science and the Media 

 Part of the problem with contemporary scientific communication is that many 
scientists have handed the task of explaining their work to the media. They live 
in a world of data and grants and allow others to decide what their work means 
for society. But the media misrepresents the nature of science. For the media, 
science is about results. The media approaches science as a series of questions 
and answers: How is the new virus transmitted? Will the comet pass close to 
the Earth? Do plants have feelings? The process of obtaining these results is of 
little interest to them. Very few scientists become journalists, so the science that 
makes it to the public has almost always passed through the filter of a person 
who is focused on answers. The process of science is lost. As good as some of 
the reporting is, the stories rarely capture the essence of the scientific process. 

 The disconnect between science as it is done, and science as it is pre-
sented has led to initiatives such as The Story Collider ( https://www.story
collider.org/ ), which helps people tell personal stories about science. These 
are not stories about data or results. They are personal stories about how 
science has impacted people’s lives, and of the human experience behind sci-
entific work. The Story Collider is the response to the data-driven presenta-
tions that most scientists give. There is a need for balance because the focus 
on data and results gives a one-sided view of science. It appears to many 
that science is done by smart, white-coated automatons who are focused on 
their data and are incapable of human interaction. This perception arose out 
of how science is presented, not how it is done. The practice of science and 
its presentation have been disconnected. The caricatures of science in the 
media are a direct outcome of this disconnect. Organizations like The Story 
Collider have arisen to address this problem. 
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 Science has changed the world many times. From the discoveries of 
Galileo to the latest discoveries about dark matter, science has shaped how 

we see the world and how 
we interact with it. John 
Snow’s discovery of the 
waterborne transmission 
of cholera in 19th-century 
London ( Snow, 1855 ), 
or Christiaan Eijkman’s 
observations on beriberi 
that eventually led to the 
discovery of nutritional 
diseases and vitamin B 1  
( Lindeboom, 2020 ) are 
classic examples of world-
changing discoveries. But 
science has not always 
been well received. Great 
discoveries are often met 
with skepticism and hostil-
ity. The attacks on climate 

science and evolution are just the latest in a long series of controversies 
that have plagued scientific discoveries. Great discoveries challenge people’s 
view of the world. For some, this is just not acceptable. They find security 
in the world-as-they-know-it and cannot face a new world where they do 
not know the rules. 

  The solution is not to rail against the anti-intellectualism that underlies 
this skepticism, but to learn to meet these needs by telling better stories. 
After all, this skepticism comes out of a deep desire for wish fulfillment. It 
is not based on data. It cannot be. Climate deniers do not need data because 
they know intuitively that the conclusions are wrong, so the data must be 
wrong. Deniers are focused on the story that scientists tell. It is the story to 
which they object. It is the story that must be told differently to meet these 
objections. If the data was going to convince them, then it would already 
have done so. The data on the anthropogenic origins of climate change is 
indisputable and has been so for over 30 years. But data does not meet 
the deep human need for stories. It especially does not meet the need for 
stories that have a redemptive ending. When well told, scientific stories are 
redemptive. They speak to the transcended experience of discovery and of 
the personal transformation that accompanies it ( Shils, 1973 ). Each scientist 
is a hero who pushes the frontier of knowledge a bit farther into the dark-
ness. Our presentations need to express this fact. We begin this process in 
the next chapter when we delve more deeply into the nature of stories and 
their relation to the scientific process. 
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