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Foreword

The Science of Sketchnoting is a book born out of years of practice, crafted by a master
whose dedication to sketchnoting is never in question.

I know, because I have watched Rob craft this content over years and years of real-world
practice, in his professional life at NIST and in his personal life as well.

I first met Rob in Philadelphia, at a workshop I was teaching at Drexel University. His
dedication was clear when I saw that he drove up from Maryland for the weekend of sketch-
noting together. I immediately I felt a kinship and brotherhood with Rob.

He is dedicated to not only the craft of sketchnoting and furthering the community by
physically becoming part of it, but in learning of Rob’s origin story with sketchnoting, I
knew he was putting in the time to get better and teach others.

In the years since our first meeting, Rob has continually driven forward his own practice
and has ignited the practice of many other sketchnoters, many of them leading scientists.

This book is the encapsulation of Rob’s experiences, from the first 30 day challenge he
set for himself to sketchnote every meeting, to attending international sketchnote events,
and teaching people in person and online, sketchnoting as a practice.

Rob’s book is detailed and real. It gives you, the reader, a huge jump-start in your own
science sketchnoting practice, based on the hard lessons Rob has learned over the last 6
years.

Keep this book by your side as you progress, because I know you’ll read all the way
through and then keep it near for reference as you work on your own craft of sketchnoting
science.

Mike Rohde
Author of The Sketchnote Handbook[1] and The Sketchnote Workbook|[2]
September 2020






Preface

“You can do anything with words and pictures!”
— Harvey Pekar, American Splendor[3]

We are inundated with information every day. Our success depends on how well we
process that flood of information: How we analyze it, make decisions with it, and how well
we can communicate it. So, it may be somewhat surprising that in the information age, an
analog tool incorporating hand-drawn images and handwritten text into a coherent visual
representation of content has become such a popular mode of information recording. This
tool is called sketchnoting. Sketchnotes is the term that Mike Rohde invented to describe a
form of notes that incorporates simple drawings and hand-drawn typography.[1]

I first learned about sketchnotes in 2014 when I was looking for tools to help broaden my
knowledge of materials science and deepen my understanding in areas of science that were
outside of my chosen field of study. I learned how to create my own sketchnotes initially
based on non-technical content: discussions at work meetings, administrative information,
and TED talks.! T learned that making sketchnotes from technical content was much more
difficult and time-consuming because it takes time to understand the technical content, pro-
cess the information in a manner suitable to summarize visually, and draw the sketchnote.
I find the first two steps to be more time consuming for technical sketchnotes than for those
based on non-technical content.

Over time I developed a workflow for creating sketchnotes based on technical content.
I applied this workflow to content from scientific papers and technical presentations. I put
it into practice and it has made a major difference. The process of creating these technical
sketchnotes has enhanced my understanding of a broad range of topics, increased my reten-
tion and recall of specific areas of research, and even improved my ability to communicate
technical material. I have built up a significant library of scientific sketchnotes which are
important references for me.

In this book I introduce you to an approach for making sketchnotes based on technical
content. The reader is assumed to have some technical background, though not in a spe-
cific scientific discipline. This will become clear when the exercises are introduced. They
are based on scientific material from the physical sciences which the reader is expected
to be able to understand to some degree, even if he/she is not an expert in the field from
which the example originates. The reader is assumed to have some experience making
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his/her own sketchnotes based on non-technical subject matter. I provide a short summary
of sketchnotes and the motivation for sketchnoting scientific material in the first chapter. In
chapter two, the focus is on how to create your own sketchnotes based on written technical
content. In chapter three, we extend the approach of chapter two to creating sketchnotes of
content based on technical presentations. In chapter four I show a different application of
sketchnotes: how to use a sketchnote as the main visual for a technical presentation. Chap-
ter five includes a selection of my scientific sketchnotes. I put them in chronological order
so you can see the progression over time. From the first one I made based on a seminar
in 2014 to a very recent seminar in 2020, you can see how my style and organization of
content evolved. Sketchnoting is a skill composed of active listening, summarizing a com-
plicated message, and rendering quick sketches to represent abstract concepts. It takes time
to develop a skill and improvement comes from deliberate practice. Sketchnoting technical
content is difficult and, like other challenging things, I believe that it is worthwhile.

The reader should regard the exercises throughout this book as essential. Since sketch-
noting is a skill, it requires practice. Likewise, sketchnoting scientific content is an ex-
tension of that skill and the exercises in this book have been designed to carry the reader
from being comfortable sketchnoting non-technical content to making sketchnotes of tech-
nical material. Therefore, it is essential that the reader performs these exercises if he/she
is to achieve the overall goal of learning how to sketchnote from various sources of tech-
nical content. This book accompanies a sketchnote workshop that I offer at NIST where
attendees learn how to make sketchnotes from technical content. Several exercises from
this book form the basis for the in-class workshop activities. In particular, Exercises 2.1.1,
2.2.1, and 3.4.1, which are related to the collective motion of humans in mosh pits[4],
carry the reader from preparing to sketchnote a presentation, sketchnoting a technical pub-
lication, and finally to actually sketchnoting a technical presentation. In my opinion, the
research described in the referenced publication and video in those examples is accessible
and, therefore, is useful for learning how to apply the methods in this book.

It is a great pleasure to acknowledge the help and encouragement I have received from
numerous scientists and sketchnoters from around the world. First, Mike Rohde, the
Sketchnote Guy and a good friend, who gave me valuable feedback on an early draft of
this manuscript. I learned how to sketchnote from his wonderful hand-drawn book, The
Sketchnote Handbook.[1] I enjoyed our many discussions about how best to present sketch-
note material in workshops and how to nurture a community. His boundless generosity has
built a global community of welcoming practitioners. I owe thanks to my friend and fellow
sketchnoter, Steve Silbert, who graciously agreed to edit this book. I thank Dr. William
Ratcliff, a talented physicist and a sketchnoter of highly technical scientific material. He
was extremely generous with his time, providing valuable feedback on the content of this
book. I also thank Dr. Jamie Weaver, an analytical chemist and practiced sketchnoter, for
reading the manuscript and providing helpful feedback. In addition, I owe visual thinker
Wendi Pillars a debt of gratitude for reviewing an early draft of this manuscript and provid-
ing valuable feedback, especially on the pedagogical aspects. I am grateful to the growing
community of science sketchnoters including Katharina Theis-Brohl, Mathis Riehle, and
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Franziska Schwarz who have shared their passion for science sketchnotes and from whom
I’ve learned much. Katharina was an especially strong influence for me as she was a very
enthusiastic and early practitioner of science sketchnoting. I learned much from our many
lengthy discussions focused on science sketchnotes and I have enjoyed her creative ap-
proach to this difficult skill. Practitioners in the growing field of science comics such as
Jay Hosler and Nick Sousanis have also influenced my thoughts on effective ways to visu-
alize and communicate scientific material. Even though my sketchnotes are not necessarily
meant as a mechanism to communicate science to a broad audience, the aesthetic sensibil-
ities of science comics have had an impact on how I construct a page. I also extend thanks
to the entire staff of the NIST Center for Neutron Research (NCNR) who unwittingly par-
ticipated in my visual communication experiment for the last 6 years. I can only guess that
the presence of sketchnotes above a few desks and on a couple doors at the NCNR indicates
some acceptance of this as a means of scientific communication and/or reference. I also
thank Dr. Willie May, former Director of NIST, who “caught” me sketchnoting in a leader-
ship meeting once and did not hesitate to voice approval. In fact, I have been delighted that
so many senior leaders at NIST have been accepting of this. I'd like to acknowledge the
support of all education and outreach activities at the NCNR by the Center for High Res-
olution Neutron Scattering, a partnership between the National Institute of Standards and
Technology and the National Science Foundation under Agreement No. DMR-2010792.
CHRNS supported many high school and undergraduate students who participated in sev-
eral sketchnote workshops. Finally, I thank the NIST sketchnote community who attended
my sketchnote workshops over the years. They have embraced the workshop material with
enthusiasm, given great feedback, shown me numerous ways to visualize abstract concepts,
and I’ve learned much from them.

Rob Dimeo
Gaithersburg, MD
January 13, 2021






Abstract

A method of incorporating hand-drawn visuals into notes on technical topics from scien-
tific publications and presentations is described in this book. In the introductory chapter,
sketchnotes are defined and the advantages of making sketchnotes based on technical con-
tent is presented. Chapter 2 leads the reader through the process of making sketchnotes
from written content, including scientific publications. Chapter 3 presents an approach to
making sketchnotes from presentations with a detailed example from a scientific seminar
available via an online video. Many exercises are provided in chapters 2 and 3 for the reader
to practice the methods. Chapter 4 describes an alternative application: how to make and
present sketchnote visuals for technical presentations. The final chapter gives several spe-
cific examples of sketchnotes based on scientific papers and technical presentations.

Key words

education; learning; notes; presentations; science; sketchnotes; visuals; visual notes.
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1. Sketchnotes

“Ideas, not art!”
— Mike Rohde, The Sketchnote Handbook[1]

1.1. What are sketchnotes?

Mike Rohde defines sketchnotes! as “rich visual notes created from a mix of handwriting,
drawings, hand-drawn typography, shapes, and visual elements like arrows, boxes, and
lines.”[1, p.2] An example of a sketchnote is shown in Figure 1.1. Arrows, lines, containers,
hand-drawn typography, drawings, and data sketches are all present.

At first glance this sketchnote might resemble an infographic. While an infographic is
intended to convey information quickly and clearly to a broad audience, a sketchnote has
an audience of one: the one who created the sketchnote (i.e. you, the sketchnoter). Your
sketchnote need not be meaningful to anyone but you. It is based on your knowledge and
it is a reference that will be most meaningful to you. For one without specialist knowl-
edge of quantum phenomena, spin dynamics, and neutron scattering, it is unlikely that the
sketchnote that I drew in Figure 1.1 will have much meaning.

The elements and structure of the sketchnote in Figure 1.1 should be familiar to you.
The title is written with red ink and uses a combination of printing and script. The mixed
type and the different text color are ways of achieving contrast, and contrast is an effective
way to get attention. The downward vertical flow of information is influenced heavily by
the portrait orientation of the page. Three large, hand-drawn rectangles form the major
containers of the primary elements of the presentation and two cloud containers delineate
simple graphical representations of different phases of water and compare them with the
different phases of a system of spins. The drawings are simple. The drawing of the magnet
with a ket vector (familiar to practitioners of quantum mechanics) in a liquid puddle is a
cartoon representation of a quantum spin liquid. Cartoons are not necessary in sketchnotes,
but I often include them. I find cartoons to be quick, effective and visually appealing. In
this cartoon, the concrete (water) is related to the abstract (spins). The connection of the
concrete to the abstract is a key ingredient of a good talk and shows that the speaker cares

'Though the word sketchnote is not in the Merriam-Webster dictionary?, it will be used in various forms in
this book. It can be used as a noun: e.g., ...making a sketchnote. It can be used as a verb: e.g., ...sketchnoting
a talk. Sketchnoter refers to someone who makes a sketchnote.
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Fig. 1.1. Sketchnote based on a presentation by Alannah Hallas at the American Conference on
Neutron Scattering, June 2018.



1.2 Why make sketchnotes?

that the audience can relate to an esoteric subject. Sketching such analogies is very helpful
in scientific sketchnotes.

One other important aspect of Figure 1.1 is that it is not composed of too many com-
plete sentences or even many sentence fragments. It has a few summary statements and
several drawings and data sketches. Sketchnotes are meant to capture the big ideas. In a
sketchnote, the big ideas are evident in the hierarchy, via the larger, bolder lettering and
content in containers. Sketchnotes are not meant to provide a complete recording of con-
tent. Sketchnotes are focused on big ideas. Moreover, the drawings are often simple and
drawn quickly. Sketchnotes need not incorporate polished drawings that one might find in
an infographic created by a professional illustrator. Mike Rohde summarizes sketchnotes
succinctly as about “ideas, not art!”’[1, p.17]

1.2. Why make sketchnotes?

There are several reasons why you should make sketchnotes. In her book, The Doodle
Revolution[5], Sunni Brown states that visual notetaking leads to a high level of compre-
hension, and increases retention and recall. The combination of simple visuals with words
is analogous to glance media such as a billboard, designed to capture attention and leave a
quick impression. Sketchnotes can have more visual appeal than conventional notes since
they contain sketches and words. This appeal comes from the fact that they capture the
main ideas in a visual hierarchy rather than the smallest details. A sketchnote’s visual hier-
archy and minimum of details means that you will not get bogged down trying to tease out
the main ideas as you might from a page of conventional handwritten notes. This is a key
reason for their utility. You may be more inclined to look at your sketchnotes more often
than reviewing your conventional notes.[1]

The power of sketchnotes comes from the act of sketchnoting and the appeal of the
resulting visual artifact. The act of sketchnoting often requires more concentration than
conventional notetaking. When you are making a sketchnote from a presentation, for ex-
ample, the act of sketchnoting requires you to listen to the speaker, look at the visuals,
process the content (analyze & summarize), and sketch simultaneously. These are difficult
skills on their own and even more challenging to do simultaneously. The higher degree
of concentration, writing words by hand, and sketching can provide a deeper connection
with the material, enhancing retention and recall, than passive listening or conventional
notetaking.[6] The resulting artifact—the sketchnote itself—can be more pleasurable to
view than conventional notes. This leads to high “re-read value” and repeated views of the
sketchnote can lead to increased retention and recall.

1.3. Why I make scientific sketchnotes

I started sketchnoting for a simple reason. I wanted to broaden my knowledge of science
and deepen my understanding in areas of science that were outside of my own research area.
There are several possible ways to achieve this: take courses in different disciplines (or get
additional degrees in multiple disciplines), read textbooks, attend technical presentations



1 Sketchnotes

by experts in the field, attend presentations by technical experts that are targeted to non-
experts, and/or read publications from the peer-reviewed scientific literature. Attending
more college might not be a realistic choice for everyone® and the other possibilities listed
above are typically more accessible to practicing scientists and engineers.

Regardless of the source of technical content, I would often take notes as a part of learn-
ing. Unfortunately, my notes were of little use. There were key ingredients missing. First, |
seldom looked at them. Often they consisted of a set of unrelated and incomplete sentences,
a few orphaned equations, and incomprehensible figures with no annotations. My notes all
followed the chronological sequence of the presentation. There there were no distinguish-
ing structural characteristics that drew attention to key concepts. Second, there were no
memorable cues in my notes that would help me remember anything from the content. My
notes appeared bland and nothing drew me in to look at them again. Third, taking notes
for me was dull and uninteresting work. If taking notes is drudgery and I wouldn’t look at
them again, why bother?

Sketchnotes offered an attractive alternative. A sketchnote is a brief, visual summary of
that content. Like an abstract in a peer-reviewed science publication, a science sketchnote
is a summary description. Unlike an abstract, a science sketchnote contains both words and
sketches. Unlike an abstract, a science sketchnote is targeted to you, the sketchnoter, and
assumes your scientific knowledge and experience. Thus, the science sketchnote that you
make is a visual reference that can have long-lasting meaning for you.

Based on my experience making these technical sketchnotes, the process can enhance
your understanding of a broad range of topics, increase your retention and recall of specific
areas of research, and improve your ability to communicate technical material. When you
make it a regular practice to make sketchnotes of science articles and presentations, you
will build up your own library of sketchnotes which will be great references for you.

1.4. Tools for making sketchnotes

Making sketchnotes requires only a sheet of paper and a pen but you can also use digital
tools such as a tablet, stylus and drawing application. There has been much written about
tools for sketchnotes so I will not address those here.[7, pp.19-28] For scientific sketchnotes
I occasionally use a sketchbook and a black gel pen. Most of my science sketchnotes were
made on an iPad Pro with an Apple Pencil using the Procreate art application by Savage
Interactive.*

3Tf you are a science or engineering student, sketchnoting may be a useful skill to learn.
4 Any mention of commercial products is for information only; it does not imply recommendation or endorse-
ment by NIST.
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2. Written Technical Content

“Nothing makes you feel stupid quite like reading a scientific journal article.”
— Adam Ruben, How to read a scientific article[8]

Sketchnotes you make based on technical publications can be valuable references for you.
As described in Section 1.1, their benefits are derived from the act of their creation and
having them as one-page references you can review. Creating them can even help prepare
you for upcoming talks that you wish to sketchnote.

Making sketchnotes from written content in a specific technical discipline can be time-
consuming and challenging, even if you are an expert in that field. When reading a publi-
cation you should be able to extract the research question being asked, its importance, the
approach to answer that question, and what conclusions can be drawn from executing that
approach. Much of this information should be available in the title and abstract. These are
items you should consider including in your sketchnote. However, several things can make
this difficult, including that the research topic (or certain aspects of the research such as
the experimental approach) might be unfamiliar to you. As we will see in this chapter, the
way to overcome this is with preparation and research. Sketchnoting a publication has the
advantage of no time pressure. You can pause anytime when reading the paper to research
unfamiliar terms or concepts.

We will approach this in two steps. First, we will create sketchnotes based just on the
title and abstract of a scientific publication. Next, we will extend this to an entire scientific
publication.

2.1. Sketchnoting a title & abstract

A well-written abstract for a scientific publication contains a summary of the research per-
formed, its importance, the methods used, and key results. This is enough information for
you to create a sketchnote. As an example, consider the title and abstract from a paper by
Albert Einstein listed below.[9] To keep things simple, draw your sketchnote with only one
sketch and one phrase and as many labels as you wish.! My sketchnote of the abstract is
shown in Figure 2.1.

Tt is a useful exercise to impose constraints like these to hone your listening skills during presentations.
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On the Movement of Small Particles Suspended in a Stationary Liquid De-
manded by the Molecular-Kinetic Theory of Heat

In this paper it will be shown that according to the molecular-kinetic theory of
heat, bodies of microscopically-visible size suspended in a liquid will perform
movements of such magnitude that they can be easily observed in a micro-
scope, on account of the molecular motions of heat. It is possible that the
movements to be discussed here are identical with the so-called “Brownian
molecular motion”; however, the information available to me regarding the
latter is so lacking in precision, that I can form no judgment in the matter (I).

If the movement discussed here can actually be observed (together with the
laws relating to it that one would expect to find), then classical thermodynamics
can no longer be looked upon as applicable with precision to bodies even of
dimensions distinguishable in a microscope : an exact determination of actual
atomic dimensions becomes possible. On the other hand, had the prediction of
this movement proved to be incorrect, a weighty argument would be provided
against the molecular-kinetic conception of heat.

HOTION OF SUSPENOED PARTICLES

SHOULD RE ORSERVARLE WITH
MICROSCOPE (F THE MOLECULAR-
KINETIC THEOR'YY OF HEAT IS
CORRECT

L,-—HICQ.OSCOPE

ingc(.ss

Liauio
SUSPENSION

HEeAT

Fig. 2.1. Sketchnote of the title and abstract from paper by Albert Einstein.

There are several things to keep in mind as you look at Figure 2.1. First, I chose to use
a descriptive phrase to characterize the main point of the abstract, rather than using the



2.1 Sketchnoting a title & abstract

full title. The title would have been an acceptable choice, but I wanted to focus on the
conclusion of the paper as described in the abstract. If I were to use this sketchnote as a
reference then I would include the article’s citation. However, this is a warm-up exercise,
SO it is unnecessary.

Second, I chose to draw an experimental setup that represented how the experiment pro-
posed by Einstein might be performed. I drew a suspension (defined as particles suspended
in a liquid. . . or dots floating in a volume) contained in a beaker that is being heated from
below. The particles are proposed to move around so that a microscope (crudely drawn
next to the eye) is all that would be needed to observe these motions. Note that I labeled
the microscope. This is not a necessary reminder that the eye is looking through the mi-
croscope since the summary phrase suggests use of a microscope. One thing that is NOT
included in the abstract is a definitive statement that this motion is Brownian motion. I
drew a single particle moving erratically, appearing to change direction abruptly, to repre-
sent the Brownian movement of a particle based on my background. Nor have I defined the
molecular-kinetic theory of heat. If I was unfamiliar with this concept, then I might include
it somewhere in the sketchnote.

Finally, several additional annotations are included in the sketch. These labels weren’t
necessary because I can identify these elements without them. However, I often err on
the side of adding more information in my scientific sketchnotes. I should also note there
is little distinction from a well-annotated figure and a sketchnote in this case. This is by
the design of the exercise and the constraints imposed. Your sketchnote is not likely to
appear exactly like mine. Your experience, assumptions and drawing style affects the type
of sketch, the annotations, the words you use in your annotations, and even the complexity
of your sketchnote. Your sketchnote might be simpler or more elaborate. The important
thing to remember is that the sketchnote is for you. You want to be able to review this in
the future and understand the big ideas that were stated in the abstract.

This type of exercise, though simple to pose, is not easy to do. It may be even extraor-
dinarily difficult if the content is too far removed from your background. You must spend
enough time reading the title/abstract and processing the information so that you can de-
scribe it visually. You may have to do some additional research on terms or concepts that
you don’t understand before you can fully appreciate the abstract. Though I had some
familiarity with the content in the previous example, I read the abstract several times and
thought about it at length before I drew the sketchnote.

Now it’s your turn to practice turning an abstract into a sketchnote in the following
exercises. As you create sketchnotes for these, keep the following points in mind: (1)
feel free to use any resources at your disposal including a web search on unfamiliar terms
or to seek inspiration for images that you would like to sketch; (2) you need not include
everything in the abstract in your sketchnote — remember that sketchnotes are about the big
ideas; and, (3) use one sketch, one phrase, and as many annotations as you wish.
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Exercise 2.1.1. Create a sketchnote based on the following title and abstract.

Collective Motion of Humans in Mosh and Circle Pits at Heavy Metal Con-
certs[4]

Human collective behavior can vary from calm to panicked depending on so-
cial context. Using videos publicly available online, we study the highly en-
ergized collective motion of attendees at heavy metal concerts. We find these
extreme social gatherings generate similarly extreme behaviors: a disordered
gaslike state called a mosh pit and an ordered vortexlike state called a circle
pit. Both phenomena are reproduced in flocking simulations demonstrating
that human collective behavior is consistent with the predictions of simplified
models.

Exercise 2.1.2. Create a sketchnote based on the following title and abstract.

In-vivo biomagnetic characterisation of the American cockroach[10]

We present a quantitative method, utilising a highly sensitive quantum sen-
sor, that extends applicability of magnetorelaxometry to biological samples
at physiological temperature. The observed magnetic fields allow for non-
invasive determination of physical properties of magnetic materials and their
surrounding environment inside the specimen. The method is applied to Amer-
ican cockroaches and reveals magnetic deposits with strikingly different be-
haviour in alive and dead insects. We discuss consequences of this finding
to cockroach magneto-reception. To our knowledge, this work represents the
first characterisation of the magnetisation dynamics in live insects and helps
to connect results from behavioural experiments on insects in magnetic fields
with characterisation of magnetic materials in their corpses.

Exercise 2.1.3. Create a sketchnote based on the following title and abstract.

A separated vortex ring underlies the flight of the dandelion[11]

Wind-dispersed plants have evolved ingenious ways to lift their seeds. The
common dandelion uses a bundle of drag-enhancing bristles (the pappus) that
helps to keep their seeds aloft. This passive flight mechanism is highly effec-
tive, enabling seed dispersal over formidable distances; however, the physics
underpinning pappus-mediated flight remains unresolved. Here we visualized
the flow around dandelion seeds, uncovering an extraordinary type of vortex.
This vortex is a ring of recirculating fluid, which is detached owing to the flow
passing through the pappus. We hypothesized that the circular disk-like ge-
ometry and the porosity of the pappus are the key design features that enable
the formation of the separated vortex ring. The porosity gradient was surveyed
using microfabricated disks, and a disk with a similar porosity was found to


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.228701
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.228701
https://doi.org/10.1038/s41598-018-23005-1
https://doi.org/10.1038/s41586-018-0604-2

2.2 Sketchnoting a scientific paper

be able to recapitulate the flow behaviour of the pappus. The porosity of the
dandelion pappus appears to be tuned precisely to stabilize the vortex, while
maximizing aerodynamic loading and minimizing material requirements. The
discovery of the separated vortex ring provides evidence of the existence of a
new class of fluid behaviour around fluid-immersed bodies that may underlie
locomotion, weight reduction and particle retention in biological and manmade
structures.

Exercise 2.1.4. Create a sketchnote based on the following title and abstract.

Increasing the size of a piece of popcorn[12]

Popcorn is an extremely popular snack food in the world today. Thermodynam-
ics can be used to analyze how popcorn is produced. By treating the popping
mechanism of the corn as a thermodynamic expansion, a method of increasing
the volume or size of a kernel of popcorn can be studied. By lowering the pres-
sure surrounding the unpopped kernel, one can use a thermodynamic argument
to show that the expanded volume of the kernel when it pops must increase. In
this project, a variety of experiments are run to test the qualitative validity of
this theory. The results show that there is a significant increase in the average
kernel size when the pressure of the surroundings is reduced.

2.2. Sketchnoting a scientific paper

Let’s extend the approach from the previous section and make a sketchnote based on text
from a whole paper. We will go into some detail with a specific example so that you can
understand my workflow and see how it was applied to a specific scientific paper. Not
surprisingly, the first step to creating a sketchnote based on a scientific publication is to
start with the title and abstract. As you have seen, the title and abstract should give you a
high-level view of the paper’s content. In some cases, you may be able to obtain the main
aspects of the sketchnote from the title and abstract and then include additional details from
the contents of the paper.

Let’s consider the paper by Virot and Ponomarenko titled Popcorn: critical temperature,
Jjump and sound[13]. The abstract for the paper is reproduced below.

Popcorn bursts open, jumps and emits a ‘pop’ sound in some hundredths of
a second. The physical origin of these three observations remains unclear in
the literature. We show that the critical temperature 180° C at which almost
all of popcorn pops is consistent with an elementary pressure vessel scenario.
We observe that popcorn jumps with a ‘leg’ of starch which is compressed on
the ground. As a result, popcorn is midway between two categories of moving
systems: explosive plants using fracture mechanisms and jumping animals us-
ing muscles. By synchronizing video recordings with acoustic recordings, we
propose that the familiar ‘pop’ sound of the popcorn is caused by the release
of water vapour.


https://doi.org/10.1016/j.physa.2005.02.013
http://dx.doi.org/10.1098/rsif.2014.1247
http://dx.doi.org/10.1098/rsif.2014.1247

2 Written Technical Content

We first familiarize ourselves with the goal of the paper by making a sketchnote based
on the abstract and title as we did in the previous section. Consider the sketchnote shown in
Figure 2.2. Following the same guidelines as in the previous section, a single sketch is my
visual interpretation of the burst-jump-pop sequence, along with several annotations and a
summary statement. The statement is posed as the main research question. Note that the
research question is separated from the sketch by horizontal lines below and above it and
centered on the page. This draws attention to it and makes it unambiguous. The sketch is
composed of the burst-jump-pop sequence of the popcorn being recorded by synchronized
audio and video. The measurement method is represented by the video camera and micro-
phone connected to a laptop computer. In the sketch of the burst-jump-pop sequence, the
popcorn is drawn the same way for each step but just repositioned with additional elements
sketched around it to change the context. For example, the “burst” phase could have been
drawn as an unpopped kernel bursting into the popped piece. Instead, the burst is drawn
with arcs drawn on both sides of the popped popcorn. This simple and efficient trick is
borrowed from cartoons. The arcs are referred to as emanata, a term invented by cartoonist
Mort Walker (Beetle Bailey)[14], and more conventionally referred to as cartoon effects &
accessories by cartoonist Bruce Blitz.[15] These additions can be an effective shorthand
to represent complicated phenomena. Other examples of these emanata include the lines
drawn underneath the popcorn in the “jump” phase making it appear to jump off the ground,
the shadow on the ground underneath it, and the elements drawn around the popcorn piece
in the “pop” phase making it appear that it is popping at that moment. One other car-
toon feature present in the sketchnote is the shoe added to the “starch leg” on the popcorn
piece in the jump phase. This is unnecessary, but I find that adding whimsy to sketchnotes
via such cartoon elements adds visual appeal. In general, anthropomorphizing inanimate
objects with cartoon elements can be a quick and simple way to add visual interest.

Sketchnoting a title and abstract is not typically an end itself, but part of the process in
preparation for making the more detailed sketchnote for the whole paper. Nevertheless, the
sketchnote in the figure is a good summary visual representation of the content. We might
expect the final sketchnote to have some similar elements to that in Figure 2.2.

The next step in the workflow is reading the paper and viewing the figures for under-
standing. So that you can best understand the sketchnote development in this section and
how I applied my workflow to develop the sketchnote, read the paper Popcorn: critical
temperature, jump and sound.[13] Reading a technical paper is much different from read-
ing a magazine article that was written for a general audience. The structure is different,
and the content is specialized. Consequently there are different approaches to consuming
the information in a scientific paper.[8],[16] It is assumed that you already have a strategy
for reading and understanding a scientific paper but you can find good tips in references
[8] and[16]. When reading a paper, typically, I make multiple passes through it. In the first
pass, I read the title and abstract, then skim the introduction and conclusions, and then skim
the figures. When skimming the figures, I look for one that summarizes the answer to the
research question posed. If one such figure exists, then I make a special note of it. Some
representation of that figure will likely appear in the final sketchnote of the paper. If, at any
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2.2 Sketchnoting a scientific paper

WHAT IS THE PHYSICAL ORIGIN
o™ RURST-JUITP-POP ™ POPCORN ?

¢ WATER VARR RELEASED

=

BURST JUMP
N

Fig. 2.2. Sketchnote of the abstract of the paper Popcorn: critical temperature, jump and
sound[13].

point during the initial pass, I do not understand a term or concept, I consult texts, scholarly
papers and/or research group websites so that I gain an understanding. This can be a rather
time-consuming part of the workflow, especially if the subject matter is unfamiliar to me,
but it is an essential step. After completing the initial pass of the paper, I have a good un-
derstanding of the research goals, results, and their importance. At this point I think about
how the sketchnote will be structured. Also, I can then read all sections in the paper to
obtain additional details that might be interesting to include in the sketchnote. From this
point forward, we will discuss specific aspects of the sketchnote shown in Figure 2.3 and
the choices made in its construction.

After reading the entire paper, there were several things that I wanted to include in the
sketchnote. First, I did not know anything about the anatomy of a popcorn kernel, and this
seemed like important information to include. I found information on popcorn structure
from an online academic source? and included a section on popcorn kernel anatomy. Oc-
casionally I include information from other sources in my scientific sketchnotes, especially
in situations like this where I need additional context for unfamiliar topics.

The second thing I wanted was a single sketch that illustrates the main result of the paper.
Unfortunately, I was unsuccessful. There is a useful concept from advertising that can be
used in sketchnotes: the hero image. In an advertisement, a hero image is one displayed
prominently on the page and it is meant to attract the reader to read all the content in the
ad. In the paper, if you find a figure that is a good summary representation answering the

Zhttps://sites.psu.edu/siowfal 5/2015/09/18/the-science-of-popcorn/ accessed 06.26.2020.
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Fig. 2.3. Sketchnote of the paper Popcorn: critical temperature, jump and sound[13].

research question posed, you may consider using that as the hero image for your sketchnote.

yet no single figure captures it

b

Figures 1 and 6 in the paper [13] summarize well the results
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2.2 Sketchnoting a scientific paper

all. In the final sketchnote, individual data sketches based on each figure were included. No
single hero image was used. We will see examples of sketchnotes that have a hero image
in the last chapter of this book (e.g., Figure 5.3). I also included elements of Figure 3 from
the paper since it was a good visualization of dynamics of the jumping popcorn.

The third thing that I wanted to include in the sketchnote was some analysis. I liked
the straightforward calculation of the temperature at which the kernels pop based on sim-
ple thermodynamics. I also liked the application of classical mechanics to the rotational
and translational motion of the popcorn during its jump. Both are included in specific
sections of the sketchnote titled “Model & Critical Temperature” and “Jumping Popcorn”,
respectively. In each of those sections I present details from the paper that others might
not include. There are also plenty of details that I did not include. It is purely a matter of
personal preference and what interests you that influences the choices of what to include in
your sketchnote.

Technical documents frequently contain data and fits of models to data. Several ques-
tions arise regarding data figures in publications. Should you include data plots in your
sketchnote? How many plots should you include? Is it ok to sketch data? First, it is unnec-
essary to include many data plots in your sketchnote. In fact, in keeping with the sketchnote
being about big ideas as opposed to a comprehensive record of the source content, you may
want to limit the number of data figures in your sketchnote. I seldom have more than one
or two data sketches.

When you do want to include a data sketch, it is important to remember that you are not
making a document for the official scientific record. You are making notes for yourself.
Sketches of data in your sketchnote are representational only. Therefore, they do not have
to comply with the same rules of scientific data presentation, but only convey the main idea
of what the data is saying. If you intend to share your sketchnote with others, then you can
include a disclaimer such as “sketches of data in this sketchnote are representational only
and should not be interpreted as a record of an actual measurement.”

Data sketches need not look identical to the way they are presented in the original paper.
For example, I drew a modified representation of Figure 3 from the paper [13] in the section
labeled “Jumping Popcorn” so that it fit better in that section. I completely reoriented Fig-
ure 6 into the form seen in the section labeled “The ‘Pop’” in the sketchnote. Reorienting
the sketch enabled it to fit in the remaining space on the page.

The flow of information in the sketchnote follows the structure of the content in the
technical paper. It starts with a title in the upper left-hand corner with cartoon jumping
popcorn for visual interest. Next, a version of the visual abstract we drew in Figure 2.2 is
included in the first panel and poses the research question being asked and answered in the
paper. The popcorn anatomy is included in the following container and gives just enough
description of this unfamiliar topic so that I can understand the paper. The measurements
and data analysis are presented in the next three sections/containers as the sketchnote flow
continues counter-clockwise, ending underneath the title.

Now that you’ve read in some detail my approach to sketchnote a technical publication,
we can summarize it as follows.
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2 Written Technical Content

1. Read and understand the paper.

a) Read title and abstract and make a sketchnote.
b) Skim paper content?;
¢) Research unfamiliar terms.

d) Complete reading the paper carefully.

2. Decide what to include in the sketchnote:

a) If topic unfamiliar, include background information from other sources?
b) Include which data sketches? How many? Use hero image?

¢) How much theoretical/experimental detail to include? What do you want to
remember?

d) How much analysis detail to include? What do you want to remember?

e) Choose structure and flow of sketchnote that makes it easiest for you to follow
(e.g., paper structure or other?).

3. Create draft of the sketchnote (optional).

4. Create finished sketchnote.

Another sketchnote example based on a technical publication titled Statistics of Frac-
tionalized Excitations through Threshold Spectroscopy[17] is shown in Figure 2.4. We will
not go into the same level of detail as in the previous example, but rather highlight some of
the main characteristics.

The content of this sketchnote was influenced by my unfamiliarity with the paper’s sub-
ject. Morampudi’s paper described how neutrons could be used to detect a quasiparticle
called an anyon. Though I knew about some aspects of the paper, I did not know any-
thing about anyons nor threshold spectroscopy. After reading the abstract, I researched the
concept of anyons via several references, including Refs. [18], [19], and [20]. There was
enough context in the paper on threshold spectroscopy that further research on that topic
was unnecessary.

The sketchnote is divided into two major sections. The upper half includes the title
and a brief review of anyons, with cartoon characters helping to explain them. The first
character asks “what’s an anyon?” The second half answers the question. The narrative
in the characters’ discussion is based on my understanding of statistical mechanics and
the content in Refs [18], [19], and [20]. Using cartoon characters to explain anyons is
unnecessary but it adds visual interest for me. This method for explaining scientific material
to a broad audience using cartoon characters has been used, for example, in the “Cartoon
Guide to...” series of books. See, for example, Ref. [21].

31 skim in the following order: introduction/conclusion/figures
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2.2 Sketchnoting a scientific paper

The bottom half contains a description of the proposed method to detect anyons in a
quantum spin liquid. These panels contain a lot of text, equations and data sketches. These
were all included because the method proposed was new to me, it involved something in
my professional area of interest (neutron spectroscopy), and I wanted to remember details
of the proposed experiment.

This sketchnote is visually more dense than that in Figure 2.3 and that density is offset
somewhat by including some cartoon elements. This higher density results from anyons
and quantum spin liquids being more abstract and challenging to understand for me than
popcorn dynamics and thermodynamics. In cases where you want to remember details
about more challenging topics, you may spend quite a bit of time working on the sketchnote
(including researching the topic). Of course, this means that you will spend a lot of time
with just one paper, but that time spent will result in a deeper understanding of the material
and a meaningful visual reference that you can review anytime.

Exercise 2.2.1. Create a sketchnote based on the content in the paper Collective motion
of humans in mosh and circle pits at heavy metal concerts{4]. Note that you can use the
sketchnote you made of the title and abstract in Exercise 2.1.1 as a starting point.

Exercise 2.2.2. Create a sketchnote based on the content in the paper In-vivo biomagnetic
characterisation of the American cockroach[10]. Note that you can use the sketchnote you
made of the title and abstract in Exercise 2.1.2 as a starting point.

Exercise 2.2.3. Create a sketchnote based on the content in the paper A LEGO Watt bal-
ance: An apparatus to determine a mass based on the new SI[22]
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Fig. 2.4. Sketchnote of the paper Statistics of Fractionalized Excitations through Threshold

Spectroscopy[17].
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3. Technical Presentations

“People feel good after talks they understand.”
— N. David Mermin, What’s wrong with those talks?[23]

Creating a sketchnote based on a technical presentation can be one of the most difficult
applications of the method and requires a workflow to be successful. This chapter describes
a workflow that I developed and gives an example of its application. The result of the
workflow is to obtain a good enough understanding of the talk’s content that you can create
a visual summary of the content.

There are three main challenges. First, if you are not familiar with the topic, then you
will face the same challenges as when sketchnoting a scientific paper of an unfamiliar topic.
The gap between what you know and what the speaker assumes you know could make it
difficult for you to follow the presentation. Second, as opposed to sketchnoting written
technical content, there is time pressure to capture the main ideas during the talk. Time
pressure can lead to stress and make sketchnoting frustrating. Third, the information in the
talk can be dense, both visually and verbally. When the time pressure is combined with a
presentation of dense information, the result can be a harrowing sketchnoting experience.
The speaker may talk at too rapid a pace or display data-heavy slides too briefly, making
it difficult to distinguish the big ideas from less important details. Unfortunately, this is an
error that many speakers make when creating a technical presentation. It can be attractive
for a speaker to include as much information on their research effort as possible rather than
to tell a compelling story with a beginning (importance of question), middle (approach to
answering question), and end (results and implications of the answer). Moreover, speakers
often assume a common background and expertise, thus leaving out fundamental informa-
tion that you require for understanding even if you have some familiarity with the topic.
A talk often is only self-contained for the speaker who created it. You approach it with
your (different) background and expertise. Therefore, preparation is the key step in the
following workflow:

1. Preparation: Read and understand talk title and abstract.
2. During the talk: Create a rough sketchnote.

3. After the talk: Create a final sketchnote.
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3 Technical Presentations

In the best circumstances, when you know the topic well and the speaker presents the
talk in a deliberate, well-paced and easy-to-follow manner, you may be able to create the
final sketchnote during the talk. Preparation may be unnecessary. It is also possible that
you may be able to create a final sketchnote during the talk after you have done adequate
preparation. I have experienced both situations. However, in most cases I do all three
steps: preparation, rough sketchnote and final sketchnote. In this chapter, you will learn
the complete workflow and see its application to a technical presentation you can view
on-line.

3.1. Preparation

A major challenge when sketchnoting a technical talk is to recognize what is important and
what is of lesser importance. This is especially difficult if the topic is unfamiliar to you. In
that case, everything seems important. Becoming familiar with essential concepts before
the talk helps in a “live” sketchnoting situation.

Preparation may require nearly no time to several hours, depending on how familiar you
are with the topic. The benefit of preparation obviously goes beyond sketchnoting. When
you go to a talk prepared, you can be more engaged with the talk and get more out of
it. Regardless of your familiarity, the first step is to read and understand the talk title and
abstract. You can make a quick sketchnote based on these as part of the preparation, as
discussed in the previous chapter. If there are unfamiliar terms or concepts, then you can
consult texts, scholarly papers and/or research group websites to gain some understanding.
Reviewing the speaker’s publication list, especially published work closely related to the
talk, can be very helpful. You can become familiar with recent results, experimental tech-
niques, analysis methods, and other researchers doing related work (from the references
in the publications) by skimming or reading selected publications authored by the speaker.
Often the speaker’s research group’s website will include links to recent presentation slides.
Previous presentations can be a good resource as you prepare.

While preparing and doing research for the talk, think about what visual vocabulary el-
ements you might want to use in your sketchnote. A visual vocabulary is as important as
a verbal vocabulary for a sketchnoter, especially in a “live” sketchnoting situation. This is
true for sketchnoting technical and non-technical talks. Just as you usually do not think
deeply about what word comes next when speaking to someone or when writing it on the
page, you do not want to think too hard about how to sketch something.! When sketchnot-
ing, you need to focus on the content of the talk, rather than how to sketch a concept. A
good visual vocabulary enables you to keep your focus on the content of the presentation
rather than think about how to represent a concept in a quick sketch. You can prepare by
brainstorming different ways to sketch concepts and terms related to the presentation title
and abstract.

'In particular, when you write the word “pencil”, you do not have to think about how to draw each letter in
the word. However, if you draw a pencil for the first time, you have to think about how to assemble a series
of lines so that it is a visual representation of a pencil.
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3.2 During the talk

The last step in preparation is to create the title on the page with the speaker’s informa-
tion, date and any other information you wish to include. You may prefer to make the title
in advance to save time.

3.2. During the talk

When the talk begins, listen for the main point. This often is part of the speaker’s intro-
ductory material early on. Since you already know the title and abstract for the talk, the
speaker’s main point should not be a surprise to you. However, you may learn additional
helpful context in the introduction. This is a good opportunity for you to sketch your inter-
pretation of the main point or the research question being asked, which can be informed by
the sketchnote you made of the title and abstract.

The speaker may also describe the structure of the talk. This can be particularly helpful
so that you think about how to organize the page based on that structure. You should make
note of that structure so that you can use it as you develop the sketchnote over the course
of the talk.

As the talk unfolds, listen for important information that supports the main point. In
a scientific talk, the speaker may present theoretical background, mathematical develop-
ment of an existing or proposed theory, experimental consequences of theory, description
of experimental techniques used in the research, results, conclusions and new areas to be
explored. Visual information that you can consider sketching include drawings of appara-
tus, diagrams that explain concepts, plots of theoretical models, data and/or model fits to
the data. You have to determine which of these to include in your sketchnote based on the
relative importance to the main point. This is your personal choice, but often you need to
decide quickly. If the pace of the talk is rapid, then it may be challenging to make these
sketches in real-time. It is helpful if you developed some visual vocabulary so that you
can sketch concepts quickly. However, even the best preparation and most complete visual
vocabulary will not help if the slides are presented too briefly. In some situations, I use the
camera on my cell phone to take snapshots of some slides during the talk.?

During the talk, it is likely that there will be topics discussed or examples given that are
either unfamiliar or discussed too quickly, in spite of your preparation. You have a choice
to include these. If you do decide that they are important enough to include, then you will
need to do some research after the talk.

3.3. After the talk

The last task is to create the final sketchnote. This may require resolving concepts that
were unfamiliar or unclear during the presentation. There are two things you can do. First,
right after the talk concludes, you may have an opportunity to ask the speaker questions.

2Certain venues prohibit photography of any kind. Get permission before taking photos of slides. Also, with
the increasing number of talks being offered live in a virtual manner, you can take screenshots of slides as
long as the speaker has given permission.

19



3 Technical Presentations

Take advantage of this opportunity. You can also show the speaker your sketchnote after
the Q&A session ends with the audience and ask specific questions for clarification. In
my experience, speakers are often excited to see the novelty of a sketchnote of their pre-
sentation. It shows the speaker that you were paying attention to their talk and are deeply
interested. If the speaker presented an unfamiliar topic or example, this is an excellent
opportunity to find additional references so that you can include information from those
in your final sketchnote. Feel free to request the speaker’s email address and offer to send
him/her a photo of your final sketchnote, if he/she is interested. That connection also allows
you the opportunity to follow up with additional questions for clarification via email. Sec-
ond, you can educate yourself on unfamiliar topics by following up on relevant references
cited during the talk. Information from other sources, perhaps read during your preparation
phase, can also provide needed background for your final sketchnote. You may decide that
there is important background that was not provided during the presentation but is needed
for you to have as an enduring reference in your sketchnote. Recall the example from the
previous chapter in Figure 2.4 based on Ref. [17]. In that example, half of the sketchnote
was background that was not included in the paper being sketchnoted. Remember that the
sketchnote you make is a reference for you. What you choose to include is up to you.

The next step is to review your rough sketchnote and determine which sketches to include
in the final version. In particular, if there is one figure - either an illustration of a major
theme, concept or data that summarizes a major result - you can consider using that as a
hero image as described in the previous chapter. If you choose to include a hero image,
you will need to consider how big to make it and where to place it. The choices you make
regarding how much theoretical and/or experimental detail to include, how much analysis
detail, and the conclusions are based on what you want to remember. You need not include
everything from your rough sketchnote in the final version.

The next step is to choose how to organize the content. If you are satisfied with the orga-
nization of the content from your rough sketchnote then you can simply use that. However,
you may decide afterwards that a different organization of the content will communicate
the information more effectively for you.

Once you have determined the content to include in your final sketchnote and the organi-
zation of the content, you can draw the final version. This is, perhaps, the easiest part of the
workflow for me. It entails carefully sketching things again so that they are neat and easy
to understand, and writing things so that they are legible. For written words, I emphasize
major points and annotate containers and groupings of ideas with carefully drawn large,
bold text to draw attention to those elements.

The steps in the workflow for sketchnoting a technical talk described above are listed
below.

1. Preparation: Read and understand talk title and abstract.

a) Read the title and abstract.

b) Research unfamiliar terms and concepts.
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d)

3.3 After the talk

Scan speaker’s publication list, particularly work closely related to that de-
scribed in the title and abstract.

i. Read recent related papers by the speaker.

ii. Review recent related presentation slides by the speaker.
Develop a visual vocabulary for unfamiliar terms.
Create a sketchnote of the talk title and abstract.

Start your rough sketchnote of the talk by making the title with the speaker’s
information and date.

2. During the talk: Create rough a sketchnote.

a)

b)

c)

d)

During the introductory part of the talk, listen for the main point. What is the
overarching question and why is it important? Sketch your interpretation.

In the introductory part of the talk, listen for the structure of the talk. Write
down the structure as an outline.

For slides with data important to the overall message, make a data sketch. If the
speaker is moving too quickly, take a photo of the slide.?

Make simple sketches of concepts, experimental techniques, apparatus, data
and fits, when they seem important.*

3. After the talk: Create final sketchnote.

a)

b)

c)
d)

If you have questions not answered during the Q&A session (or there is no
Q&A session afterwards), ask the speaker your questions for clarification.

If a topic is unfamiliar, consider including background information from other
sources.

Determine which data sketches to include. How many? Use a hero image?

Determine how much theoretical/experimental detail to include. What do you
want to remember?

Determine analysis detail to include. What do you want to remember?

Choose the structure and flow of the sketchnote that makes it easiest for you to
follow (e.g., paper structure or other?).

3Note: Photography may not be permitted in certain situations. You should ask beforehand.

4A speaker may argue that everything in the talk is important but remember that your goal is to extract the
most important aspects of the talk for you. Therefore, not all information presented should be recorded in
your sketchnote.
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3 Technical Presentations

3.4. Example: Sketchnoting a live talk

We will demonstrate this workflow by applying it to a “live” talk. We will create a sketch-
note of a scientific talk that was recorded and is available for you to view. The title of the
talk 1s Ultracold Molecules: From Quantum Chemistry to Quantum Computing by Dr. Alan
Jamison and it is about 1 hour long.[24] Dr. Jamison presented this talk to the Perimeter
Institute at the University of Waterloo on May 6, 2020. You can view the video by clicking
here.” The abstract for his talk is listed below.

Cooling atomic gases to ultracold temperatures revolutionized the field of atomic
physics, connecting with and impacting many other areas in physics. Advances
in producing ultracold molecules suggest similarly dramatic discoveries are on
the horizon. First, I will review the physics of ultracold molecules, includ-
ing our work bringing a new class of molecules to nanokelvin temperatures.
Chemistry at these temperatures has a very different character than at room
temperature. One striking effect is our recent result using spin states of reac-
tants to control chemical reaction pathways.

Our first step is to read the title and abstract. A simple sketchnote representing this
is shown in Figure 3.1. Drawing a quick sketchnote of the abstract and title is a useful
exercise because it forces you to start to think about how to visualize the paper’s concepts
and highlights the main points at the outset. The description in this abstract is a high-
level summary. Since I did not know much about ultracold molecules, I did a quick web
search and learned that there are a couple ways to achieve ultracold molecules. They can
be made (1) by cooling a gas of stable molecules, and (2) they can be made by combining
ultracold atoms to form molecules.® The resulting sketchnote shows a simple sketch of two
cold atoms and a cold molecule, the title and a couple statements about quantum chemistry
interpreted from the abstract.

Since this was an unfamiliar topic, I read several online resources and I skimmed a
related publication by the speaker.[25] It provided exposure to terminology and concepts in
the field that could be important in understanding the talk better. In particular, the concept
of sympathetic cooling described in the paper provided needed context as a demonstration
of what one can do with ultracold molecules.

I did not have to spend much time thinking about a visual vocabulary after skimming
online resources and a paper. The main images consisted of simple molecular models
(ball and stick models), potential/energy-level diagrams, and straightforward data plots. I
sketched these many times before during technical presentations.

The final step in preparing for sketchnoting the talk is to make the title for the sketchnote,
shown as the bold handwriting in the upper left-hand corner of the page in Figure 3.2. This
is optional but I frequently do this step. It forces me to think subsequently about content

Shttps://www.perimeterinstitute.ca/videos/ultracold-molecules-quantum-chemistry-quantum-computing ac-
cessed June 28, 2020.
Shttps://jila.colorado.edu/yelabs/research/ultracold-molecules (accessed June 28, 2020).
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Fig. 3.1. Sketchnote of the title and abstract from Ref. [25].

layout and how to arrange information on the page based on how I’ve drawn/written the
title.

During the talk I found the material was presented at a reasonable level and at a comfort-
able pace for me. There was only one example given that required further research. In that
case (spin-controlled chemistry/hydrolysis), I made note of the Ref. [26] provided on the
slide. Part of the issue was that I could not resolve several features in the figure presented
on the slide in that example.

The time that the speaker spent on each slide was long enough to allow me to make rough
sketches of important diagrams and data during the talk. For many technical presentations
I have attended, this has not always been the case. In those cases, I used the camera on my
cell phone to take snapshots of some slides during the talk.”

My rough sketchnote is shown in Figure 3.2. In order to distinguish this from the final
sketchnote, I used the digital equivalent of a pencil to emphasize that these are rough notes.
This messy page of notes is a typical example of how my rough notes appear when taken
during a presentation.

After the talk finished, I reviewed my rough sketchnote. As mentioned above, there was
only one example that was unclear to me and I made note of the reference. I reviewed the

T only do this after asking if it is acceptable to do so.
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Fig. 3.2. Rough digital sketchnote based on a colloquium by Dr. Alan Jamison.[25]

reference afterwards ([26]) and found the figure that was not clear in the speaker’s slide. In

fact, I found that example so interesting (i.e., an application of chiral materials) that I added

more detail in the final sketchnote. A marvelous flexibility of this note-taking method is
that, since the notes are for you alone, you are free to let your intellectual interests take you
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3.4 Example: Sketchnoting a live talk

in different directions and add any related items that pique your curiosity.

As I reviewed the rough sketchnote, I looked for figures that captured the message. This,
like the other choices you make when sketchnoting, is a personal choice. You should ask
yourself “is this something that I want to remember?” I made quite a few sketches in the
section describing the process used to make ultracold molecules. The size of this section
and the number of sketches reflects the amount of time that the speaker spent describing
that process in detail. However, on further review I decided that it was unnecessary to
include all that detail. Note that this is a common occurrence in my rough and finished
sketchnotes from technical talks. I often have more detail in the rough notes compared
with the final sketchnote. I use the time after the talk to review my rough sketchnote and
discern what should be included in the final sketchnote. Once I decide which sketches to
include, I sketch them more carefully so that they are easy for me to understand with a
quick view.

The final major design choice that I made was to structure the information flow in two
columns and group major themes in numbered, rectangular containers. I then wrote the
text more carefully so that it was more legible and I added emphasis in several locations.
The words that describe the topic in each container were drawn neatly in bold. This draws
attention to the content in the individual container and distinguishes it from the supporting
text within. I also chose to draw some words in cartoon form. In particular, see the writing
in container number 2: “Instead...first cool the atoms then put them together!” This borrows
a trick from comics to emphasize bold statements or concepts. The notion of first cooling
atoms and then assembling them was new to me. The conventional way of starting with
molecules and cooling them to low temperatures is an obvious approach. But the speaker
did an excellent job explaining why it is so difficult to cool molecules to uK temperatures.
To highlight this novel way to create ultracold molecules, I used block letters and added
drop shadows to them in that phrase.

You have learned the workflow and seen a detailed example. Now it is your turn to put
the workflow into practice. You can choose to apply the workflow to a technical talk that
you attend or practice with any of the numerous technical talks available on-line.

Exercise 3.4.1. Create a sketchnote based on the talk by Itai Cohen titled From Flies, to
Mosh Pits and Mecca: Predicting the Collective Behavior of Organisms from June 20,
2016. Note that your work from Exercise 2.2.1 will be helpful to review before watching
this presentation.®

Exercise 3.4.2. Create a sketchnote based on a technical presentation. You can sketchnote
a “live” talk or choose one from video libraries available on-line, such as from the Perimeter
Institute (physics)’, UC Berkeley (physics)!'?, or Stanford (biology)!!.

8https://youtu.be/s4InWqgsxCc accessed July 5, 2020
https://www.perimeterinstitute.ca/video-library accessed July 10, 2020.
1Ohttps://physics.berkeley.edu/resources/colloquia-and-videos accessed July10, 2020.
Mhttps://biox.stanford.edu/videos accessed July 10, 2020.
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Fig. 3.3. Final digital sketchnote based on a colloquium by Dr. Alan Jamison.[25]
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4. Presentation Planning & Visuals

“The longer you give your audience something interesting to look at, the longer
they will give you their mind.”
— Dan Roam, Draw to Win|27]

You have seen how sketchnotes can be used to make a visual recording of technical content.
Two other applications of sketchnotes are planning and presentation.

4.1. Planning tool

You can use a sketchnote as a planning tool. For example, if you are writing a paper or
a report, you can begin by planning its organization and how to present the ideas in a
sketchnote. Similarly, you can plan the content and organization of a presentation using a
sketchnote. This additional step in the workflow essentially replaces the standard approach
of starting with an outline. In fact, this is a type of “visual outline.” I find that sketching
my ideas first on a blank sheet of paper before typing the first word in a report or creating
the first slide promotes a different way of thinking that results in a more effective process
of content creation. When you do your visual brainstorming on a digital platform or using
index cards, it is easy to rearrange your ideas quickly.!

As an example of a planning sketchnote, I created the sketchnote in Figure 4.1 as a
first step to plan the content of an article that I wrote about sketchnotes.[28] I drew this
sketchnote to capture my thoughts on what to include as well as how to organize it. I
did not start typing the manuscript before I made the sketchnote. This can be a valuable
time-saving step.

4.2. Presentation visual

The other application - and the one that we focus on in this chapter - is as the main visual
in a presentation, rather than slides in a slide deck. This extends your planning described
above from brainstorming on the page to creation of the final visual. In this case, the
sketchnote must be prepared carefully so that it can be understood by everyone in your
audience. The writing must be legible and the drawings must be clearly identifiable. But
first, why would you want to make a sketchnote presentation visual?

n fact, I created a very short sketchnote summarizing the overall structure of the book, and several additional
detailed sketchnotes for individual chapters.
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Fig. 4.1. Sketchnote used to plan a published article.[28]

There are several reasons why you should consider using a sketchnote as your presenta-
tion visual. First, it shows your audience that you care that they understand and remember
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4.2 Presentation visual

your message when you bring paper copies of your sketchnote. Alternatively (or in addi-
tion), you can display a QR code in your presentation that links to an on-line electronic
version. When you project the QR code at the end of your presentation, the audience can
scan the code with their smart phones from their seats and download the visual instantly.
Second, sketchnotes are made of hand-drawn elements and it has been suggested that hand-
drawn visuals are more engaging and accessible. In Dan Roam’s popular book Show and
Tell: How Everybody Can Make Extraordinary Presentations[29], he cites several advan-
tages. The pros of drawing, according to Roam, are “With practice, these require very little
time to create; Show exactly what we want; Are “warm” and inviting to look at; Show
a human touch; Easy to keep simple.”’[29, p.217] He cites the following cons: “Require
basic drawing skills; Can become overly “cute”—which is mostly a problem in reports and
pitches.” My experience incorporating hand-drawn visuals and the reactions of audience
members supports most of Roam’s points. In particular, the feedback from audience mem-
bers on using hand-drawn visuals has been positive. I have not received any disparaging
comments nor comments that any presentations were overly cute, even when adding car-
toon characters to my presentation visuals. Nevertheless, it is not always appropriate to use
hand-drawn visuals. There are some things you should not present as a sketch in a presen-
tation, such as experimental data and model fits. If you wish to present a sketchnote with
measurements, import the computer generated plots. This is straightforward with many
drawing apps for tablets.

A sketchnote that describes the benefits of a presentation sketchnote visual and how to
design and deliver such a presentation is shown in Figure 4.2. We discussed some of the
elements presented there already so we discuss design and delivery next.

Several factors should be considered when designing your presentation sketchnote. First,
a digital sketchnote (or digtal photo of your sketchnote) should have sufficient resolution so
that it is easy to read when zooming into different areas. I frequently choose a digital doc-
ument that is 2200 pixels x 1700 pixels. This resolution not only allows you to zoom in to
smaller regions in your visual, but you can print the sketchnote on paper with good fidelity.
Second, you should write/draw the title of your presentation prominently and legibly. You
want your audience to notice it first when they first look at your sketchnote. Third, select
a layout for your sketchnote with which you are comfortable transitioning from one area
to another. The randomly arranged popcorn[1, pp.113-115] layout is not a good choice
in this case because it can be difficult to follow. It is best to organize information in an
easy-to-follow path. A sketchnote presented to an audience for review during a talk should
be easy to follow and coincide with the flow of the talk. Fourth, use as many visuals as you
need to make your point, including figures, images, and hand-drawn pictures. Also, since
the words you speak are the focus of the presentation content, only put enough words in
your sketchnote to convey the main ideas. In summary, use less words, more visuals, and
good organization.

You can present your sketchnote visual using any photo display program in which you
can zoom into a region and pan to the next. If your sketchnote is hand-drawn on paper,
you can take a photo or make a scan and use the digital image. Alternatively you can
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Fig. 4.2. Sketchnote summary of how to design and deliver a presentation using a sketchnote as the

primary visual.

create a digital sketchnote on a tablet. I have used an application called Tawe? to present

Zhttp://www.tawe.co/ accessed July 3, 2020.
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4.2 Presentation visual

my sketchnote.> This application allows you to plan your path through the sketchnote in
advance and control movement about the image.

When presenting your sketchnote, you can begin with a view of the whole sketchnote
and then zoom in for a close-up view of the title. That gives your audience a hint of what’s
to come during your presentation. You zoom and pan through the main ideas drawn in the
sketchnote as they are ordered in your talk. You can finish your talk zooming all the way
out so that your audience can see the entire sketchnote. This is is a particularly good way
to finish your talk because the audience is reminded visually of everything you just spoke
about. For the Q&A session afterwards, you can simply zoom into any relevant region as
you provide a verbal response. The advantage over slides is that you need not flip through
numerous slides in your slide deck to find the right one.

An example of a sketchnote used as the primary presentation visual is shown in Fig-
ure 4.3. Since this talk discussed the importance of innovation in instrumentation design,
it included more technical drawings than plots of data. There was one quantitative plot. In
that case (upper right hand corner of the sketchnote), I bent the rule by including a sketch
of the data. In fact, I imported the figure into the digital sketchnote and traced the figure
in a style that matched the rest of the sketchnote. A reference to the source of the figure
is included below the sketch. The content for this sketchnote is organized in a modular
layout. The flow of the talk began with the title in the center and moved clockwise from
the upper left hand panel, finishing in the lower left hand panel. In each of the four panels,
I zoomed into several areas during the presentation to highlight specific details.

Figure 4.4 shows another example of a sketchnote visual I used in a presentation to a
community of technical experts to describe the development of a neutron scattering in-
strument at NIST. Though it was largely a historical talk, I included significant technical
detail, including several quantitative figures. I created the sketchnote digitally and im-
ported data plots, schematics, and a photograph. The flow of the sketchnote follows a
counter-clockwise direction, with small arrows indicating the path.

3 Any mention of commercial products is for information only; it does not imply recommendation or endorse-
ment by NIST.
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Fig. 4.3. Sketchnote used as the primary visual in a presentation at the 2019 DENIM

conference.[30]
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Sketchnote used as the primary visual in a presentation at the 2016 conference in

Garching titled 50 years of Neutron Backscattering Spectroscopy.|31]
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5. Selected Science Sketchnotes

In this final chapter, I share a selection of science sketchnotes I have created over the years.
Many of these are based on publications but several are based on technical talks. The
purpose of presenting these sketchnotes is two-fold. For the publication-based sketchnotes,
you can see how I chose to attack the general problem of representing the content in a
way that I would remember and want to review. Also, you can see the progression of my
technique starting with my first sketchnote of a technical talk in Figure 5.1. You can find
all of my public science sketchnotes at the following URL: https://flic.kr/s/aHskAffbgK.
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Fig. 5.1. Sketchnote made with pen on paper based on a scientific seminar given by Yasuo Endoh

in 2014 at the NIST Center for Neutron Research.
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Fig. 5.2. Digital sketchnote made using a tablet based on a scientific seminar given by James
Glasbrenner in 2015 at the NIST Center for Neutron Research.
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Fig. 5.3. Sketchnote based on the paper Physics of Beer Tapping[32].

38


https://doi.org/10.1103/PhysRevLett.113.214501

lw\@ éﬁsz:ogw

NOILJDFIUINNGH
e e §25943Nd
821901948 304 M01S
09 GNOdS3Y SaNLLARd

943N9RH 3534 ING

(hs24) L191749 38 AW
STVILAVY ALADYH @
NIQYY W Qol-Q) @

ALISOISIA ANISUZANI
'MLIIAISUAD 40 NOILKA WA
syt ‘a1 YadkHIq S1ad WA

. $-vg , 0] = w30
6}13 _ m.dM Mo_ ua¢_‘s_.;w\\

( SOV LANOVH 40
LNAHNEINNG 20 ALSYSIN) W

SAMAY4 0 pamon

WINN~ y¥an0

JTET )
049 2k ._ !
135430 —y 3

V>N =

(s2anoH) F

- oNISNOS IUINRN FLHL L1024120

O ' n 1 AR SaHROWIN0)

v SIMUICI ILINIRNH

3SIHL0Q F10Y LeHM
SIS 193N
Nl LNas3dd
39 STOUWI
PITENLLG Y

\
NOLL43IAd (VoI FAIQ _ J J
204 Q1214 DLANSYH NS &= B
INN43)FY0LINRH

Y SAHWOIADQD

SN < v - 7
-

ALALISNIS
AN -

LA L Av0UA 3 S WaHelakl 2IHLR WniSa) V)

¥ mZe._,_un_mﬂm NN 52505 = 30w, QANSEIN N RALINIRH P
NeiNAosd wo | Y i B IR NN 4 AN
v, L3235 4h =W OUN
T | TS ezt * avaq £ 9NN Wuwzuﬂ
X D& a‘\ - .—uzum—un—n_ha
PR MW m @@ HOMOIHL 301 DDY3d
SINIHIINCBIH 61
* PN ANt S)3dS w0

£102 934 2
TARE SO0 LOLT: MX2P 1y°1a HNOY -1

HIPo¥YI0) NeYINE am 10

NOLLBH319BYRH 2UINIBHO!E OAIA-N)

Fig. 5.4. Sketchnote based on the paper In-vivo biomagnetic characterisation of the American

cockroach[10].
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Fig. 5.5. Sketchnote based on the paper Higgs amplitude mode in a two-dimensional quantum

antiferromagnet near the quantum critical point[33].
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5.6. Sketchnote based on numerous talks delivered at a technical symposium commemorating
the 50-year anniversary of the NIST Center for Neutron Research.

Fig.



5 Selected Science Sketchnotes

H-H ‘SNALLIANG)

WS NI N
\( SNHNH 30 IN0RH 3929
N33 SVISIAY SAINTHIA

3MDATI) HL KIS
T3 ol SALNNLAM0

uw_.wxaz
Q S

w)J

o

Tvaau -NoN Huieh N0H @ 441

s a0 ||| é% ?

INVHIS SNINANL SYIY QL _
B ONS S35vd5.1003 30

2100'¢2'€0
BT IR

v &a@ SAMHAIAS

SS3NAIANUH LNuN0Q ; ™) %S C
L hHon =231 1033 N1 10100 %8b 5

_ ™2 %.0G G
mzo__.c._sr_wz:wm.agv30.\.omC

20 —
\sz:&D—/ \
o ol U | en o > B
::._._zmu“w M%ﬂmzow SNOLYINHIS ——> T - .

IsIoN
s._”..o;“ ,ﬁm‘uz.m.

319303 SISKIYNY
3HL QIQ 1M

_‘ KAL3IHN0IAA

NOILINNS 39YM|
NOILY13330) . Vv NN >_A_
ALD01IN—ALNOIIN - v U
S03QIA
( Véd - Mo“w%ﬁwm @ N
A .JM
31vIMIIY) oo NG dnno3 « §
0L Q23 YLq -] SAMSOH 30 ~
SO3QA 3INLNOA 001 < <
& o0 WHILIM sBRYTE
M)

Qg9 9-t ¥ ¢ZWEOZmZA_ IHL
QNO 9ALY0dALNI YLYQ AD0TIA m z_mo._ me_ ©

SBHWH 00S qALNMNIS

T T T2

L L I

oot Seveon| JNTHI0W —-

I RELL
L9t SYIHSOW SN
NYEW N0j jLIYM

ANIL uw>o .
WSO Lid HoH W 10H. Y v

()3

(w\dmzz,qr CELSHAIINV NV NI

\
\

\ J3HSOH ¥

LON NI

n- \u\v {sw)L

. IMNLYAEIHAL \ Lid-153g —7

(W)

(sl
sr_.uisw
NoNgI3LSIa 5.?15!1
mvu AR Ea.m.,en_ X ()9
(*%)30d M3M YLvq

VYA 3HL SL13 NOLVSI21SIq
NNYH21709-TAMXYH Q-C

Y 2 ﬂ._..u =(¥)44d

()™ sLI4 AO3q !
ILN3NGIXI 33N

@

30M Pwo r._:oaz,..ﬁ_ww_mmu_. gé

loLg 22l tu..zu,?_m\mo_. a1 :10Q ‘(g102) 106822 'OT1 L1 A3 mr:n_ 713 DA3QYANNS

SLASIND LW ANS3H  5L1d T1267 P HSOW -2 GNYWIH % NOLLOW N LIATI0)

T IS L1 W

Fig. 5.7. Sketchnote based on the paper Collective Motion of Humans in Mosh and Circle Pits at

Heavy Metal Concerts[4].

42


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.228701
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.228701

rio[fuzhi *ufEug ¢

ndilamg
- SOILSIZAVIYH) *upy ¥y
ANWVH NI SLIRUOIJ
3794Vd -1 N0
- aﬂﬁm u.m_e&zsw
g TR A
/ N\
hz.«%me% TS w__ SNoinLiLsans dal
ALINAYLS A Q236> Sy

QIMOHS S1S3). Parand

(wu)y 2+hzex
00bl @5 oon oo g 80 0 90 £0 Wo €0 20 0%
< ; + « — )
g
SNOUONAY 9 R -
ININYS -4993N3 W ] L4IHS 2070) ol 2
NI 1V3H 9105 | Tdand—amg ¥ g
304 SALVAIIND XD 0 3 NBISNOITY HLNN sl o
. QNGB DIy
i DNVLITYY R 3
HOWH nymsnm - . S~ 't 7
ol . ™
{om & e sot ¢
SLUZHTAVEVAN 1-292N ) 1Y O—0 000 g {ore
m
NOWWIHIQ b3k 5 o g ¥
¢ 0 0 1o a9 o 0 0 2
0 0 w0 | 0 20 €0 VO 9 &
I'0  S0°0 €00 100 100  $000 S000 1O X
0000000 O® s
SLIOYID 3HL
Sausgm

3HL 1Y 123SNI QL s119
} ™M3N 3HL S3AMINI
aN PIMNIOL SIHL AN ™

Do
.rmm_oﬂ,?w;om._o:_.mud\;o_.o_ :10Q ‘hoas-2btb' S5 ' 0T

K31SH3R D 2INYDION] SHY  3aMSSFYd IWIININD 3D NOLLYIINddY HONOAHL
21d3Vd INY LINOIA QL 3J0HJOHOIND | VU WAL IS WNODAAL
meWE.nuz_:EZZG.mmo\_GZQ._.Gm Q.r.__._h_azwuwm Cc&.._d._.w_._.ﬂ

jppam Spyoprn.

a-od @

9 5K QL

_q\:m\_._.\c:\ﬁ,z . z. . 30NSS324
@

I,

‘o 250 9D 3M

=
s = .
— — 2S34ANd AN SL270N 13D o)
= — HLIM LIS d9L 3HL LV SHALY 23H1Q
= :Z_Q —— QaLYN0SSY 3RS AL 3M Sau.cwmawa

Y HLIm W AL)S d9.L IHL 0
NOLLNLULSINS HOMOIHL SINF
10033491Q FAYH (V6D 3M INIS

IR

SL0IA KIOLSIH LNOHINOIHL

A_..unao

NIANGAQ NLISNIS
j $3M8 10633341d " OUA3d0ad
(Fp'#pe o/ omraLdaOeay WoLM0 L
-—
(*phdpe + ulw @wu_.oumzm oLiewo P BHL 20

ere — INILLIS QT3 THL5AE)

FHL SIONUYHD HIIHM
o ‘ ** 35NYHD QL ( DNVLSIA 1WldY
0 OH 3H) ._«_o $3SNYD X ONIDNYHD

1\ NJOB SY™ 41138
QY LSAUNOD ¥ QuH TINTD)

Q

w0 ® .
190 &G

LN3A3341Q SA1314 X INIAI0A

o 9 (gl SBtAG-8 TAOTIL

SU NCONN SLINV 3S3HL 40
dN 3YN 3FNIONALS b NO TsY S LNANOIA 01N SIML

LNGONTE-HLYY3 - NINIQ-A TIINIWNOAING - TG0
TINALITHR- ALITIGULS 43HIIH - 40700 3 LHIAd

dI-2y3aN33LL3d

+$31133d03d 3718631S3Q
SHL H1I1 SIUDY 002 NI LNIMDId INTY M3N LSS 3HL
0323002S1Q HEAL HIAW3S3IA SINVINGIGNS SV Loor NI DYg

" ANNOIONOYE IHOS

oy

Trigonal Bipyramidal Mn>* Chromophore to Violet and Purple through Application of

Fig. 5.8. Sketchnote based on the paper From Serendipity to Rational Design: Tuning the Blue
Chemical Pressure[34].
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Fig. 5.9. Sketchnote based on the paper A separated vortex ring underlies the flight of the

dandelion[11].
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Fig. 5.10. Sketchnote based on a 10-minute Coffee & Neutrons talk by Ryan Need at the NIST

Center for Neutron Research on June 6, 2019.
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Fig. 5.11. Rough sketchnote based on a seminar at the NIST Center for Neutron Research by UC
Berkeley’s Whitney Loo on January 23, 2020.
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Fig. 5.12. Final sketchnote based on a seminar at the NIST Center for Neutron Research by UC

Berkeley’s Whitney Loo on January 23, 2020.
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