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        Foreword

      
      The problems of our time are only solvable across disciplines. But first we need to learn to talk to each other! This book will help you achieve this goal while having fun in recognizing many familiar characters and scientific archetypes.

      Before we focus on the “how,” we’ll need to understand the “why.” Why do we communicate in the flawed ways we typically do? Language can be used not just like a conduit between people, but like a shield—it can protect us from criticism, from being found out as an imposter, from questions we can’t answer, from being vulnerable. But the shield also prevents real dialogue, joint problem solving, and the emergence of ideas from others. Observing scientists working together for several decades in academic and private-sector settings, I have found that language can clarify but also obfuscate, and weaknesses can be—sometimes subconsciously—covered up by a flood of data. A highly complicated deck packed with jargon and complex concepts can belie the fact that the data may not fully support the conclusion; a complex abstract filled with abbreviations can hide flawed underlying assumptions, which could—in plain view—make the very premise of the paper irrelevant. Tacit agreement can effectively be generated by confusing and overwhelming the audience until no one dares to ask, as revealing ignorance with a potentially “stupid” question is a social risk when surrounded by esteemed colleagues. It is no coincidence that the clearest, most fundamental questions tend to be asked by already established researchers who are beyond reproach. No longer having to fear being criticized for not doing enough experiments or accused of simplistic thinking, they can take the risk of clarity and deliver slides that are Zen-like in their focus on the essential. Younger, more insecure researchers tend to show all the work in the lab from the last several years, just to make sure everyone knows they have been productive.

      Then there is the language itself: scientific disciplines have evolved their own technical language, to name the previously unnamed and to distinguish and point out details that our regular language cannot resolve. In addition to providing clarity and allowing effective communication, specialized terminology becomes a signal for in-group belonging and group identity, excluding others. This behavior, well studied in medical fields, can serve a purpose—for example, to legitimize the provider. Unable to gauge medical specialist expertise, patients are impressed and intimidated by the fluent use of terminology together with nonverbal cues like white coat and stethoscope; they will readily accept that the doctor knows a lot more than they do and will become more compliant, less likely to question decisions. Here, the style of communication goes beyond transmitting information, inspiring trust and respect but also adding elements of power and even intimidation. Talented imposters can go undetected for a shockingly long time as long as they talk and dress the part. Similarly, scientists (and funding agencies) can keep going for a long time without being challenged on their fundamental thinking and results, ultimately to the detriment of scientific progress, and with an opportunity cost of unrealized benefit to society.

      What can the individual learn from this? Before designing a presentation or piece of writing, it helps to self-reflect and become aware of what is going on underneath the surface, in the subconscious. Is there a deep-seated goal of looking competent or genius-like, wowing the audience with data and sophistication, establishing status in the field? Is the goal to protect oneself from being caught saying something incorrect, as one qualifies everything down to the last finely branched detail? Or is the goal to allow others to truly understand, to participate in ideation and problem solving?

      For the latter, we need empathy. One must be able to put oneself in the audience’s shoes and imagine what it is like to be them, with their background knowledge, and then tailor to that. While conceptually simple, this can be challenging for scientists—ego is generally venerated and many presentations are written to impress others, rather than to make them understand. It is difficult to step back from decades of deep immersion in a scientific field and explain what one assumes “everyone knows.” In a fundamental shift toward altruism, one needs to move from the self to the other as the true focus of the work. When done well, this can propel a publication from a specialized into a general-interest journal, amplifying its impact. However, clarity takes courage—removing unnecessary data and slides risks making one appear less masterful: more of a teacher, less of a genius. Some may feel like they are being caught with their pants down when they distill concepts, speak clearly, and openly reveal assumptions and gaps in our understanding. It might help to remember Albert Einstein’s comment: “If you can’t explain it simply, you don’t understand it well enough.”

      The simplest questions are often the most profound. Be brave and allow others to follow your thinking—the connections, the assumptions, the gaps. This mindset will allow you to make full use of this wonderful, entertaining, and insightful book and venture boldly into the world of true engagement with others.

      Dr. Julia Schaletzky, Center of Emerging and Neglected Diseases, University of California, Berkeley
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        Me, You, and This Book

      
      As science-inclined people, we use the tools of our respective trades to probe voids. We call, click, or coo into dark spaces and listen for returning echoes from realms molecular, mechanical, or medical. Many of us would prefer to live fully in that process of exploration, even with the stubbed toes and dropped flashlights, but we regularly have to stop and make a different kind of call. After a deep breath, we turn and shout over our shoulders to describe our findings to others. We hope that they can hear some excitement and promise, because we need their support—some additional rope, and maybe some recruits to continue the journey. For many of us, that second process—repackaging the contours of rarely glimpsed spaces into words—contains less joy and more frustration than the first.

      I no longer run a research lab, but when starting this project, I realized that I still address perceived voids. As with my first two books, this one emerged from a simple question that I could not answer to my satisfaction.

      
        Book Genesis

        A Silicon Valley engineer and I wrapped up a productive session of writing coaching. After I went line by line through their writing, we tightened and improved the language together, leaving their research report more clear and concise. We also rewrote a draft email (on a sensitive workplace issue), because their blunt messages had previously inflamed workplace conflict. They expressed great satisfaction with our work. “But I want to know,” they said. “What book can I use that has this advice?”

        I said that out of hundreds of writing books, I would compose a short list of recommendations. I went to my shelves and browsed some old favorites, from Strunk and White to William Zinsser, from the lyrical and celebrated Francine Prose to the literally brainy and less-known Yellowlees Douglas.1 I next perused the internet of book listings and ordered several possible solutions to review. Some books spoke to science journalists and others to professional technical writers. Some addressed academics, or specifically academic biologists.2 Angelika Hofmann’s expert and impressive tome spans more than 700 pages and categorically covers each professional writing task a research scientist might encounter, from abstracts to text for a poster session and all points in between.3 But I had hoped for a tidy volume that spoke to fundamental principles. That’s what I wanted to share with the engineer: core concepts that could guide them through the unique challenges, pitfalls, and opportunities of sharing technical work with various audiences—and through future tasks neither of us had yet contemplated. (Both physicists and fiction writers share a yearning for distilled theories that can address myriad endeavors.)

        I decided to speak into the perceived gap. As a scientist who loves writing, I’m aiming to assist you: working scientists, engineers, and other tech-immersed folks who may not love writing. Many of you learn with dismay that your careers involve far more written communication than you would have expected, especially given the minimal writing instruction most receive. And while some rightly draw a bright line between “scientific writing” for ourselves (as in research papers and grant proposals) and “science writing” for others (as in press releases, news articles, or marketing materials), I’m going to mix the two.4 Fundamental considerations greatly benefit both, and importantly, I’ve learned that a lot of tech workplace writing lives somewhere between the two.

        As I will do throughout the book, I’m going to start by inviting you behind a curtain that might normally remain closed.

        My agent and I pitched this book idea to various presses. In researching and reading for my other books, I had developed a crush on the MIT Press, and I accepted an invitation to chat with them. My proposal, originally titled “Sharing Your Nerdy Work,” set out a cut-and-dried book of advice for writing science. But they suggested a modification. What if the book included more of me and my specific communication experiences? What if I put myself more obviously on the pages, so that readers and I could share our work? They noted that I’d worn an unusual number of career hats, writing from a wide range of perspectives. I said I would think about it.

        My wife, Dana, made an unusually deep hmmm noise. Dana is a research biologist and an avid reader. She’s also an honest critic of my writing. “Like a memoir?” she asked, wrinkling her nose.

        I shook my head. “Yikes. No, I’m not interesting enough. But some of my situations and tasks might be.” I thought about many possible stories and started a list of which ones contained lessons.

        I repitched the book to MIT. Reviewers assessing the new proposal expressed cautious optimism. One suggested I insert a chapter on field-to-field differences in professional communication, and another said I should address presentations—done and done. And here we are. So, what did the Press mean when mentioning my varied background?

      
      
        Me and My Hats

        As I pursued the traditional path of physics research training, I took writing courses throughout. I needed to scratch both hemispheres of my brain, and I chose my graduate school in no small part because they welcomed a student taking writing courses even as I pursued a science doctorate. (Thank you, Oregon State University.) I used to joke that nothing has benefited my grant writing more than a dozen or so fiction-writing workshops, but now I see that as the plain truth. I developed a writing sensitivity for the ever-present reader. After graduate school, I took a postdoctoral year of science journalism training, from which most graduates step to magazine, radio, and free-lance careers. But in retrospect, I’ve had a more random walk.

        Over the last three decades, I’ve worked as: a reporter; a professor teaching undergraduates; a lab researcher investigating first superconductivity and then sensory biophysics; a university administrator; a spokesperson, shepherd, and fundraiser for a major science construction project; an author; a writing coach for tech employees; and most recently, as a deputy director for a science policy nonprofit. I’ve published scientific research articles in various biology, physics, and physiology journals. I’ve penned magazine features and newspaper columns on technical topics. I’ve written about twenty funded grant proposals covering materials science, electrochemistry, shark research, physics education, and that science building project. I’ve written a couple of books for general audiences covering science history.

        Consistent communication themes emerge from these years, and the various perspectives can benefit you as a hard-working technical person. You’re writing code, creating new technologies, running biochemical assays, or finding cures. You love the science, but you’ve found that you must write (and speak) about your work to maintain collaborations, to defend your ideas, and to keep your projects alive. I think I can help.

      
      
        Approach and Motivation

        To return to Dana’s question, this book thankfully does not function as a memoir. You’ve just completed the autobiographical portion, and from here I just share some telling communication anecdotes. With the help of several skilled and merciless readers, I’ve taken a scalpel to early drafts, reducing some rambles and excising others. Still, I do inhabit the pages and employ my own voice. Given feedback from those aforementioned readers, I now see this approach as honest and appropriate. Admitting an author’s presence resonates with a principle this book will hold dear: in science, we focus intensely on our messages, but at the crux of human communication sits the interplay of the messenger with the intended recipient.

        Far from only sharing my stories, this book features a number of fascinating nonscientist voices; we will hear not just from professional writers and editors, but also from scholars of linguistics, philosophy, communication, cognitive science, and those who map the historical evolution of our brains. That last group appears in earnest late in the book, but I must admit they have an ever more commanding place in my own writing mind. Increasing piles of evidence point to our big brains expanding under ancient social pressures (to keep bands of apes working together) and not simply ecological ones (to find edible plants or to sharpen finer spear points). A leading theory of language development, the “gossip theory,” places social storytelling (which ape did what with whom) as a prime mover for our own chatty evolution.5 This book’s advice all flows, ultimately, from that notion. We cannot examine effective communication as a naked broadcast and reception of data—no matter how fine-tuned the separate transmitters and receivers. Instead, we must consider two primates evaluating one another, sometimes unconsciously, even as bits of information pass like offered fruits from one to the other.

        As motivation for you turning or scrolling more pages, let’s consider the benefits of improving your writing. Beyond your readers obtaining a better grasp of your work and goals, and beyond their developing more sympathy for your viewpoints, better writing will open more doors in your working life. You will find more career options with crisp, clear prose than you will with mediocre, stilted writing. Now that I’ve worked with and at many organizational levels of tech companies, universities, and NGOs, the signal is clear: leadership usually writes well. To a sneaky extent, good writing can lead a reader to overestimate the comprehensive intellect of the writer. Intelligence, of course, encompasses many different facets, while just a subset help construct an effective document. But if you write well, a reader—perhaps unconsciously—starts to “round up” when evaluating your brain’s various skills. To what I consider an unfair extent and with no false modesty, my writing has enhanced working-world assumptions about my mental abilities. I am just as confident that poor writing has unfairly dented the career standing of many brighter intellects.

        So, with a reader’s writerly benefit in mind, this book aims to:

        
          	1.	improve your documents (and emails, and slide decks) step by step,

          	2.	raise your awareness of key issues for science communication, from handling numbers to our densely idiosyncratic verbiage, and

          	3.	expand your writing toolkit and writing awareness to address a greater number of tasks as your goals morph and flow.

        

        With a nod to quickly evolving technologies, I know some of you anticipate the day when an artificial intelligence will upgrade or even draft your reports, posts, and emails. Word processors may soon suggest not only grammar and punctuation fixes but also better sentences and paragraphs. Some of you may already be using a chatbot or similar for mundane text tasks. But even in the most futuristic scenarios, I suggest you’ll want to edit machine-manufactured drafts using this book’s advice, and even if these automated tools master aim 1—doubtful if we train them on existing texts—they probably won’t ace aims 2 and 3 for many years to come.

      
      
        Contents and User Guide

        Every chapter has our nerdy work at heart, and this book progresses from basics, like how to edit for clarity, to more advanced topics, such as effectively employing metaphors and navigating interdisciplinary boundaries. Reflecting the three primary goals, the book contains three modules as follows.

        Chapters 2 through 5 provide a foundation. While heavily science-flavored, with examples from many fields these chapters can help improve any type of writing. We step through dramatic tension, structure, a focus on audience, and the most fruitful steps of pruning your own writing. We will examine text as a stand-alone mechanism. Since we cannot hover at our readers’ shoulders to help clarify our written ideas or stoke their interest, I’m encouraging you to scrutinize your text as you would experimental design or an engineered device, at arm’s length from your personal fascination, enthusiasm, or horror with the subject itself. Good writing, as many say, primarily involves great editing.

        Chapters 6 through 9 cover topics specific to our nerdy types of work. We confront many of our communication challenges, including for those of us who work with English as a secondary language. With cognitive science as a guide, we’ll visit the mathematical brain with an eye to actionable advice. Then, in addition to discussing the great power of anecdotes and case studies, we explore the positives and surprising negatives of using analogies and comparisons.

        Chapters 10 through 12 get more social, looking up from our individual pages and screens to blink at our fellow primates. We dissect our speaking opportunities, including structuring our talks and designing good decks. We hear from linguistic researchers who have probed our silo-to-silo communications differences, and we mull their findings when considering forays into neighboring disciplines. What should we keep in mind for communicating to different ranges and sizes of audience, from our most local research comrades to the general public?

        In terms of utilizing the book, I believe any scientist or engineer—as well as fans of science or those who simply work within tech spheres—can benefit from each chapter. I’ve designed them to approximately stand on their own, striving for an efficiency that should not waste your time.

        If you struggle with writing, dislike the process, or if you work with English as a secondary language, I’d recommend spending more time with chapters 2 through 5. Consider selecting a few pieces of your own writing, including even a long work email. Then go through those first chapters once. Revisit your pieces of writing and edit them. Then hit the high points of chapters 2 through 5 again, and return to your own writing once more. For the novice, subsequent chapters will serve as beneficial bonus material.

        Some of you have accomplished quite a bit of successful writing, with scores of peer-reviewed papers and conference talks behind you. You don’t have much time, and you don’t want to reinvent your writing wheel. In that case, skimming the foundational material and starting with chapter 6 should serve you well. Spend some time with our unique challenges as scientific writers and absorb the thoughts of those who study our nerdy communities and our utterances for a living. Open up one of your grant proposals, a recent slide deck, and one of your longer, more challenging emails—scrutinize these with refreshed eyes and consider what you might change.

        In addition to the chapters functioning somewhat independently, I’ve also included a “condensate” for most chapters. If you feel grumpy and don’t want to read through my stories or examples, you can skip to the condensates and decide whether or not you might find the full chapter of interest. Or looking forward, if you’ve read the book and just want a quick refresher, these short summaries should do the trick.

        For all readers at all levels, the last chapter stares into a most intimidating void. As I sat to start outlining this book’s first draft, a new surprise arrived. Just when I thought I’d tried plenty of communication tasks, life demanded I try a new one.

      
      
        Spousal Bonus, Scary Science

        To the benefit of these pages, readers will hear from another scientist in my household. Compared to me, biologist Dana has maintained a greater scientific focus, researching fundamental molecular biology during a long career at the University of California, San Francisco. (I like to introduce her as “the capital-S Scientist in the family.”) For the last twenty years, she’s worked to elucidate molecular dances on the ends of DNA strands; these remote regions of our chromosomes, the “telomeres,” straddle the fundamental sciences of aging and cancer. The technical vistas and personalities I’ve encountered through knowing Dana have greatly expanded the range and relevance of this book. Happily for me and for you, she does not mind making the occasional appearance, including scenes from an instructive but stressful recent story.

        Right after I signed with the MIT Press, Dana detected a worrisome lump. Given its location, our doctor first hoped for a hernia. We embarked on a herky-jerky diagnostic odyssey, hopping from one waiting room to the next. Each time, we waited anxious weeks as the lump grew, and Dana would give me a serious look. “This,” she said, “is not a hernia.” We entered a new realm of science communication and, in time, I took up a new and unwelcome science writing hat for her friends and relatives.

        Far from household medical hurdles, chapter 13, “Communicating Calamity,” opens up larger, less personal challenges; we must sometimes broadcast information as unwelcome as it is technically complex. Just as some families must endure health uncertainty, we collectively face challenges such as climate change, proliferating environmental toxins, and our global arms race with pathogens. We know that our ability to clearly and accurately communicate these topics can only help humanity’s prognosis. And beyond accuracy and honesty, our fellow apes will always note our tone and approach as much as or more than our information. A spoonful of sympathetic perspective can better move an audience to acceptance, understanding, and even action than can a dry harangue.

        I admit that the last chapter sounds heavy. But I’m aiming for readers to enjoy their time with this book. We will celebrate our love for interesting technical stories, and study how people tell these stories and to what effect. I’m also aiming for a relatively light touch. While the work and topics will remain serious, I believe we technical folk hit our most productive and creative strides when we don’t take ourselves too seriously. Labs and startups tend to thrive when laughter is heard and fun is poked.

        By the book’s end, I’m betting that when you next turn over your shoulder to share what you’ve found, you’ll encounter less frustration and more success. Let’s start with what I consider the most difficult and fundamental truth for anyone who has to communicate their scientific work.

      
    
  
    
      
        2

        Tension

      
      Here’s the problem: our chosen topics usually possess a lot more excitement and fascination for us than for most of our readers or listeners, including fellow scientists and engineers. While a strong whiff of “this is so, so cool” pervades our expert ramblings, it rarely suffices for holding attention. And while we want to sweep others along with our enthusiasm, that same urge can excitedly dig a tunnel into messy details that no audience will want to follow.

      A brief story will escort us to the central challenge and illustrate that I partake of communication humble pie. In one of my last live talks before the COVID-19 pandemic, I visited a northern California series called Wonderfest and gave a talk for general audiences in a local brewpub. Many years earlier, I had investigated the methods by which sharks and their relatives sense the world via electricity. They possess a sixth sense that helps them, for instance, hunt in dark, murky environments. Returning to this topic brought on a nearly childlike joy, and I created a wholly new public-facing talk.

      After a fairly smooth delivery, with no obvious blunders, I fielded some insightful questions from audience members ranging from elementary school students to retirees. I then enjoyed a pint with a few stragglers, including a couple of old friends, Michael and Susan. “Brandon, I loved your passion and obvious expertise,” Susan said before a wide-smiling pause. “Couldn’t follow it.” She patted my arm, blessing my heart. “Just food for thought, because I know you care.” And boy do I care. She’s a sharp person and an astute listener. While she owns no science background, she gave the talk a try. In talking with both of them, I discovered the misstep.

      We can and will talk about many factors that mix in our communications—a soon-to-follow chapter will discuss how we must carefully consider our audience, for instance. But in this case, at a crucial juncture, I followed my own interests and strayed too far from the central promise of the talk. I had abandoned a most crucial communication pillar: keeping one’s focus on exactly what compels a reader or audience member to stay with you. What bargain have we offered these people to maintain their attention?

      I had thought I could explain extra details of “electrophysiology” in the talk—not just the neural impulses (i.e., the “spike trains” of electric voltage) that convey information through a central nervous system, but all sorts of fascinating tidbits that we’ve learned about those spikes in certain sensory systems. And here’s the bad sign returning: I’m getting excited about it even as I type this. I want to tell you about information dwelling not in the height or strength of the spikes but rather in the time between them. (See figure 2.1 for a simulated example; at a meta level, it also mirrors my increasing neural excitement when I talk about this topic.) In the beer hall, I even tried to relay how an animal’s electrosensory system automatically removes signals generated by its own body. But I had abandoned the captivating question that the talk’s flyer and my first slides had promised my audience: What does this sense tell sharks about their watery worlds?

      
        [image: ]

        
          Figure 2.1

        
          A neuron’s simulated “spike train” showing voltage in the vertical direction versus elapsed time in the horizontal direction. Here, the voltage spikes are arriving more frequently, or becoming literally “excited.” (From “NeuralMassSimulation.png,” Wikimedia Commons, accessed and modified July 29, 2022, https://commons.wikimedia.org/wiki/File:NeuralMassSimulation.png.)

        
      
      
        The Wisdom of Fiction

        Fiction workshops provide the central lesson for this chapter and for this book: your readers need some sort of tension to pull them forward, page to page through your writing or slide to slide through your speaking. They need it more than you or they consciously acknowledge or realize. When, in a fiction workshop, you read through an entire story about the main character’s favorite cat dying, you see the crucial deficit sitting under the harshest lights: why would the average reader care about this?

        In technical pursuits, we sometimes answer that question once, in an introduction, abstract, or executive summary. But good writing keeps the question in mind throughout. What aspect of the first page entices readers to start the second? What about the first paragraph snares their interest and brings them to the next? In fiction—and in journalism—we often refer to the answer as dramatic tension.

        “Come on,” you may already think to yourself. “I’m writing about a flatworm. Nobody’s hanging from a cliff’s edge here. Nobody’s tied to the railroad tracks, give or take my expiring funding.”

        Correct! I’m not saying the drama of your work will arise naturally, but the central challenge remains. I’ve seen the topic of tension, with a different name, dominate a lot of my recent dialogue with Silicon Valley tech workers. With coaching, their writing work improves, including their yearly self-appraisals for performance reviews—a task most people dread. Their colleagues take note, and their managers breathe sighs of relief when these writers tackle (in their parlance) the impact of their work. Why does anyone care that you found seventeen bugs in the beta version of a new app? Maybe because that work kept a global launch on schedule, averted negative press, or led to snaring millions of users within the app’s first month, well ahead of schedule. If, in telling our stories, we just list activities and facts while paying no mind to an enticing hook, we sell ourselves short and won’t have many readers granting us their precious attention.

        Let’s explore some of the most obvious and time-tested methods that can infuse your writing with compelling tension.

      
      
        Stakes

        We will always encounter cop shows, horror movies, and ticking time-bomb narratives in our cultural entertainment because they put lives at risk. We find fewer movies about zebra fish genetics. In helping people think

        
        
      
      
        Mystery

        
        
      
      
        Surprise

        
        
      
      
        Goals versus Obstacles

        
        
      
      
        Case Studies

        
        
        
        
        
        
        
        
        
        
          
          
            	•	Stakes (important implications),

            	•	Mystery (compelling questions),

            	•	Surprise (unexpected results),

            	•	Goal versus obstacle (clear aims face off with thorny challenges, because we try hard things).
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