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ABSTRACT
By informing the general public about science through writing that is interesting to read and
easy to understand, science writers can create avenues for a better-informed public. Science writing
has been used to present complex information as early as 60 BCE. Science writing is both a craft and
an art. Science writers have the opportunity to work in many different fields of study and constantly
learn new things. If scientists or writers are interested in entering the science writing field, they
should be prepared to provide proof of education in either writing or science fields. Just as science
itself is ever-varied and ever-changing, science writing shifts and moves with it. Science literacy is
hugely important; without it, it is difficult for people to make informed decisions about everyday
interrelated issues concerning the environment, health issues, or scientific movements. The most
important avenue for improving science literacy is clear and accessible writing. It is the duty of
science writers to provide the public with correct views on modern science. Elements of good
science writing should include audience analysis research, a logical structure, and the traditional
elements of technical communication. To demonstrate the science writing process and provide
examples of popular science literature, I worked with two peer-reviewed articles in the scientific
fields of economics and astrophysics: Female Autonomy in Rural North India: Impact of Economic, Social
and Political Factors by Sharmistha Self and Richard Grabowski and Three ways to solve the orbit of KIC 11
558 725: a 10-day beaming sdB+WD binary with a pulsating subdwarf by J. H. Telting et al. If scientists
and writers have a passion for providing avenues for a better-informed public and simplifying
complex scientific information for a general audience, they should consider making the transition to
popular science writing.
Keywords: science writing, popular science, scientific literacy, science
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Introduction
In the fields of both science and writing, members have a common goal: to share
information. Scientists conduct research, make advancements, and build upon the experiments of
others before publishing their work for fellow scientists to attempt and refine. Writers use words to
carry ideas across pages and continents that are read by, commented on, and critiqued by other
people. These two cycles of information may at first seem unrelated, but there is a powerful overlap
that needs attention. With a society shaped by scientific advancements or discoveries such as genetic
engineering, antimatter, and cloning, the demand for science writing that is understandable and
interesting is strong. Scientific writing—peer-reviewed articles in scientific journals or laboratory
reports, for example—is one method to inform readers about modern science. However, for the
general population, such writing can be confusing, boring, and inaccessible. Unless individuals have
an educational or professional background in a particular scientific field of study, it could be a
struggle for them to understand any scientific literature in that field. Science writing for a popular
audience is another option—an option that is not only available for both writers and scientists but
also requires skills from both. It is the duty of science writers to explain complex scientific material
in words that people want to read. By informing the general public about science through writing
that is interesting to read and easy to understand, science writers can create avenues for a betterinformed public.
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Defining Science Writing
From The Immortal Life of Henrietta Lacks to the annual editions of Best American Science Writing,
popular science writing is everywhere. However, even though science writing is easy to find, it is not
easy to define. Throughout history, and especially in BCE, science writing was disguised by fables
and epic poems. In as early as 60 BCE, Titus Lucretius Carus wrote an epic poem called The
Persistence of Atoms presenting the atomic theory of Epicurus. In his concluding lines, Lucretius
described a doctrine of classical physics that was held to be true until the 1900s—the idea that
matter can be neither created nor destroyed:
For everything of mortal mass long since
has been used up as boundless time passed by.
But if the stuff of which this sum of things
is built has lasted down through empty ages,
surely it is endowed with deathless nature;
no thing, therefore, can be reduced to nothing. (Bolles 423)
In 1905, when Einstein indicated that matter could be destroyed, the doctrine was reworked. Even
though the physics behind The Persistence of Atoms is no longer held as valid, the epic poem is still one
of the oldest and most beautiful examples of science writing.
Similarly, in his essay On Science Writing, science writer Timothy Ferris speculated that
scientific literature was first introduced not in written form but through fables. In the eighth century
BCE fable Works and Days, Hesiod described the movement of constellations as indicators for when
to plant and harvest certain crops. It was so widespread to incorporate astronomical information
into fables that Quintilian claimed in the first century CE “no man can understand poets if he is
ignorant of astronomy” (Ferris 4). Ferris concluded that “writing from its very beginnings may be
identified dualistically as both a craft (the recording of information) and an art, which makes
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information and sentiment memorable,” as exemplified by Lucretius and Hesiod. Science writing is
neither an art nor a craft—it is an intermingling of both (Ferris 4–6).
If what Ferris concluded is true, and science writing is both a craft and an art, it is equally as
important to understand what science writing is not. The Massachusetts Institute of Technology
used this approach to help clarify the definition of science writing: “What science writing is not is a
technical report aimed at other specialists. Or a lab paper, or a how-to manual, or a peer-reviewed
research article in even the most prestigious scientific journal” (“What is Science Writing?”). Writer
George Gopen explained further, arguing that “the fundamental purpose of scientific discourse is
not the mere presentation of information and thought, but rather its actual communication.” No
matter how pleased authors may be with their writing, the importance of the work lies in the ability
of its audience to accurately perceive the material (Gopen and Swan).
Usually, that audience is the general public. Through avenues such as newspapers,
radio/podcast programs, books, and technology, a science writer “communicates information about
science (and/or medicine, math, engineering, technology) in terms intended to be understandable
and relevant to a broad audience” (Stein and Baccouche 119). In the article Popular Science Writing:
Communicating Science to Peers and Public, Khoon Koh Aik described popular science books as “the
bridges between science and society” (144). Aik argued that people who have the ability to write
highly technical information for the public are rare—that they make the complicated look simple,
but not simplistic (143–144). It is an ambitious, difficult, and compelling goal (“What is Science
Writing?”). Although science writing can be overshadowed by the enormous amount of scientific
disciplines, technical articles, and specialized works that exist, Ferris argues that it challenges readers
to change their viewpoints and open their minds (11). Therefore, it has an irreplaceable spot in the
worlds of both writing and science.
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Careers in Science Writing
Science writers have the opportunity to work in many different fields of study and constantly
learn new things. Ben P. Stein, a science writer at the American Institute of Physics, and Aziza
Baccouche, an accomplished science television producer, described science writing as a fulfilling
career because they have the opportunity to learn something new every day: “Science writing is a
fulfilling, mind-expanding, and enjoyable pursuit. It provides the twofold joy of learning about
interesting research and explaining it in understandable terms to the general public. They argued that
there is a desperate need for more communicators in science (Stein and Baccouche 119).
The work environment of science writers varies greatly. They can work at university news
offices, national newspapers, or science departments. Stein and Baccouche claimed that “the setting
in which most science writers work is in media relations/public information offices. These include
the news offices of universities, national laboratories, corporations, nonprofit organizations, and
museums” (Stein and Baccouche 119). Another popular avenue is freelance science writing or
journalism (“A Guide to Careers in Science Writing”), through which science writers have the
advantage of working from a place of their choosing and the freedom of flexibility.
If scientists or writers are interested in entering the science writing field, they should be
prepared to provide proof of education in either writing or science fields. According to Stein and
Baccouche, “many perspective employers of science writers look for applicants who have at least
bachelor’s degrees in either English/journalism/communications or in a branch of science,
engineering, technology, or mathematics.” However, many prospective employers of science writers
also prefer experience in both fields (Stein and Baccouche 120).
Since science writers span from senior-level positions in national laboratories to entry-level
assignments at small newspapers, the salary range is wide. The Council for the Advancement of
Science Writing defined average salaries for several possible science writing careers. According to
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their salary guide, freelance science journalists are the most poorly paid science writers, averaging
between $1.00 and $2.00 per word for magazine articles. On the other hand, authors of science
books who actively market their work and establish their reputation can earn a healthy living (“A
Guide to Careers in Science Writing”).
Writers in the field of science writing do not necessarily emerge from writing-intensive
backgrounds; there are often transitions between science and writing careers. One example of such a
transition is Jenny Morber, who worked as an engineer for several years before deciding to write
popular science. Although aspects of her transition were difficult, she found several opportunities to
make a move to a science writing career:
I found that opportunities are plentiful for scientists and engineers who want to
write. Science journals need good writers to dissect, edit, and summarize clunky
articles. Consumer organizations need people to translate research into newsletters
that people can understand. Science bloggers and journalists keep the public up-todate with scientific breakthroughs. (Morber 48)
Morber was drawn to popular science writing because it allowed her to explore a variety of
interesting topics and the freedom to enter different scientific disciplines. From her journey, it is
clear that popular science writing is a good choice for scientists or writers who are interested in
communication, simplification, and modern science.
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Trends in Science Writing
Just as science itself is ever-varied and ever-changing, science writing shifts and moves with
it. The major movement from exclusively printed materials to a combination of online and paper is
one change that affects the field of science writing. To meet audience needs and expectations, it is
important to provide both options for science writing: if one of popular science writing’s many goals
is to be accessible, it makes sense that it should be physically accessible, as well. There are
drawbacks, though, that are not necessarily obvious. Declan Butler, a senior reporter at Nature
magazine, argues that electronic media may have the ability to be stored and accessed digitally, but
paper has one major advantage: paper lasts. In a world of technology that constantly changes
formats and digital objects, paper can survive for thousands of years, regardless of hardware and
software obsolescence (Butler 198). Although traditional channels such as newspapers and science
television are still popular, there has been a significant shift to online sources (Nisbet and Scheufele
1774). Butler summed up what may be the only realistic web strategy for some time: “Experiment as
much as possible, and be as fast on our feet as we can” (Butler 200). To keep pace with changes in
technology, science writers must pay attention to those changes. In her article Responsible Writing in
Science, Lidija Bilic-Zulle described another trend in writing that is even more important to adhere to
in science writing: responsible writing. She argues that there are two distinct ways in which science
writers must uphold responsibility—the content of their writing and the quality of their
research/experimentation. Bilic-Zulle further claimes that scientific misconduct, plagiarism, and selfplagiarism may be harmful to the reputations of science writers, but that such acts are also harmful
to science itself (Bilic-Zulle 279–280). Although writers and scientists should avoid irresponsible
writing regardless of the topic or genre, it is even more important to be aware while in the field of
science writing. In addition to her thoughts on responsible writing, Bilic-Zulle commented on the
importance of English in the scientific community. She argued that, since the “vast majority of
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scientific publications are in English and it is highly requested to write and publish in English to be
recognized in broader scientific community,” authors and scientists without experience in English
will have further obstacles to overcome than their English-speaking counterparts (Bilic-Zulie 280).
Although popular science writers cater to different audience needs, it is important to note that most
of the scientific material they will be translating or simplifying will be written in English. Other than
working with potential language barriers in an already complex field of writing, science writers must
be aware of the flaws in scientific writing and take them into account when working with peerreviewed articles or laboratory reports. In Doing Science, Writing Science, Jutta Schickore explained that
“there is a mismatch between what scientists do and the presentation of results in scientific
publications” (324). One of the main reasons for this mismatch can be attributed to the scientific
journals in which scientists publish their research. Due to high page charges and severe space
restrictions, scientists remove any information or steps that they feel are not absolutely essential to
their argument. Therefore, some of the pieces that science writers need to work with an article or
research may be missing. While a few obstacles exist in the field of poplar science writing, the field
changes with science and technology, so problems may decrease and new issues may arise. Even so,
the need for science writing is so great that science writers must move forward.
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Science Literacy
Modern culture is heavily based in science and technology, so a population of scientifically
literate global citizens is necessary. In Reading and Writing to Learn Science: Achieving Scientific Literacy,
Shawn Glynn and Denise Muth based their definition of scientific literacy off of the American
Association for the Advancement of Science and concluded that the scientifically literate person is
“one who is aware that science, mathematics, and technology are interdependent human enterprises
with strengths and limitations; understands key concepts and principles of science; is familiar with
the natural world and recognizes both its diversity and unity; and uses scientific knowledge and
scientific ways of thinking for individual and social purposes” (qtd. in Science for All Americans).
Unfortunately, accepting this definition as true, many people are not scientifically literate (Glynn and
Muth 1057). Science literacy is hugely important—without it, it is difficult for people to make
informed decisions about everyday interrelated issues concerning the environment, health issues, or
scientific movements. To further the lack of science literacy, academic texts in no way invite the
general public to read them. Anne Osbourn, founder of SAW (Science, Art and Writing), argued that
“the tendency of academics to ‘tell’ people things, often in inaccessible language and with an air of
arrogance, is disrespectful . . . It is not the way we would like to be taught” (Osbourn 1547). One of
the biggest barriers to science literacy is the typical research report and “its lack of clarity,
intelligibility, and relevance except to a very limited audience” (Sandelowsk 375). In general,
academic texts focus on methods and theories while popular articles focus on people (Parkinson and
Adendorff 10). The distinction is important, especially concerning the science classroom.
Barbara Austin tested the effects of popular science literature on science literacy in her
classroom. In her tenth grade summer physical science course, students read selections from a
popular nonfiction science book, and the results were significant:
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Because the selections were interesting and accessible, there was no hint of the ‘Why
do I have to learn this?’ attitude from students—in fact, the reaction was quite the
opposite. The human story that framed the science concepts truly engaged students
in learning science—they even requested more readings from the book because it
helped them understand course concepts. (Austin 27)
To further showcase the success of popular science writing in her classroom, Austin added that a
majority of her students had informal conversations with teachers and their peers about the readings
and the science concepts within those readings (Austin 32).
Especially within classrooms, the effectiveness of popular science writings has been noticed.
Some educators are frustrated with the arguably “dry, voiceless, and positivistic” traditional forms of
scientific writing and actively pursuing science writing that cannot be “blamed for ‘turning off’
interest in science” (Keys 118). The importance of having science concepts explained in clear
language is now seen as crucial to the growth of science literacy (Glynn and Muth 1058).
Jean Parkinson, a linguistics and applied language professor, outlined reasons why science
literacy through popular science writing is so important. She first argued that, since popular science
writers report on scientific findings before they are validated or endorsed, popular science writing
allows students to see inside the social construction of scientific knowledge. Additionally, popular
science texts challenge the idea that science is authoritative and introduce the idea that science is
open for debate. Parkinson further claimed the accessibility of popular science texts “represent
science as the activity of many unknown scientists rather than a few well-known people like
Einstein,” which challenges the idea that science is limited to a select group of people. While all of
her points defend popular science writing as a tool to improve science literacy, her concluding
remarks go back to the idea that popular science writing is “conceptually simpler than academic
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texts, and thus can help students understand the science” (Parkinson 18) Therefore, the most
important avenue for improving science literacy is clear and accessible writing.
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Global Demand
Science is powerful, and while it affects our daily lives, millions neither understand nor care
about it (Ferris 7). There exist feelings of confusion and distrust, and it is more difficult and
important than ever for scientists and researchers to be able to explain and justify their findings and
research to a broader audience (“How to be Popular”). Yet, since universities and laboratories have
not recognized the academic position of popular science writing (Huiyun 307), few scientists have
received formal training in the genre (“How to be Popular”). In Views on Popular Science Publishing,
Shen Huiyun argued that creating works of popular science benefits nations and the people who live
in them and that science writers “bear the responsibility for propagating scientific knowledge, the
scientific method, and scientific thought. If popular science writing is accurate and high-quality, it
can help improve national development and educate the general population (Huiyun 307–308). It is
the duty of science writers to provide the public with correct views on modern science.
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Elements of Good Science Writing
Good science writing falls under the categories of both good science and good writing, and
the combination of the two disciplines creates high expectations for science writers to meet. Factors
such as audience analysis, voice, use of metaphor, presentation of research, and the elements of
technical communication apply to well-written and well-researched popular science writing. In
Readings for Technical Communication, Jennifer MacLennan argued that prose without passion, in the
passive voice, and without analogies is also devoid of humanity. Such prose perpetrates that “science
is not what human beings make, but something human being merely report as having been made or
discovered” (MacLennan 47). Science writers should aim for writing that is clear, interesting, and
accessible to all of its readers.
Similar to any significant writing project, a piece of popular science writing should be
founded on the expectations and needs of its audience. From the structure of the entire piece to
sentence-level choices, every part of the writing process must adhere to what the audience expects.
In general, the piece “needs a beginning, a middle, and an end—and, unless you are Quentin
Tarantino, it needs to be presented in this order” (“How to be Popular”). Each individual sentence
needs to maintain the interest of the audience and encourage them to read until the conclusion.
In The Science of Scientific Writing, Gopen and Swan provided an example of meeting audience
expectations. Suppose a table of data was included in the piece that tracked the temperature of some
substance in three-minute intervals. This data could be represented in several ways, but consider the
following option:
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Temperature

Time (minutes)

Time (minutes)

(°C)

Temperature
(°C)

25

0

0

25

27

3

3

27

29

6

6

29

31

9

9

31

32

12

12

32

32

15

15

32

Table 1 (Gopen and Swan)

Even though the same data is represented on both sides of the table, most readers find the right side
easier to understand for several reasons. Since we read left-to-right, the audience prefers familiar
context on the left and more interesting information on the right; similarly, information is most
efficiently and easily understood when it placed where the audience expects (Gopen and Swan).
Another important technique—an aspect of science writing that clearly differentiates it from
scientific writing—is voice. Qualitative and scientific research is usually written in a detached, thirdperson voice. Jane Gilgun, professor of social work and author of Grab and Good Science: Writing Up
the Results of Qualitative Research, stated that “qualitative researchers who write in distanced, thirdperson voices and who give short shrift to informants believe that this kind of writing is scientific
and that lively, first-person writing is not” (Gilgun 260), and she vehemently disagreed with that
claim. On the contrary, she argued that readers should be hooked by the material as well as find it
both memorable and interesting (Gilgun 261).
Metaphors are another powerful literary tool that science writers can use to liven up their
work. However, there is a danger to using weak comparisons in science writing. When science
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writers do not take metaphors seriously enough, the meaning behind the comparison can be easily
misunderstood and therefore affect the audience’s understanding of the scientific concepts behind
that metaphor (Sandelowski 378). The line between metaphor and theory is thin (Low 145), and it is
the duty of the science writer to make a compromise between accuracy and simplification—there is
a balance between simplifying ideas and communicating accurately that must be maintained (Low
129).
Although qualitative data is not as prevalent in science writing as it is in scientific texts, there
are occasions during which it will have to be relayed to a general audience. In Writing a Good Read:
Strategies for Re-Presenting Qualitative Data, Margarete Sandelowski emphasized the story behind
qualitative data in popular science writing. In each set of data, there are a multitude of stories to
tell—the popular science writer just has to choose. She argued that, usually, “researchers will
summarize as much as they can of their data, in the hopes of getting it all in, and of achieving the
much-touted ‘thick description’ without getting to the point of what any of these data mean.” In her
opinion, the best way to work with data is to illustrate or exemplify parts of the story that the
science writer wants emphasized.
The traditional elements of technical communication—accuracy, clarity, simplicity, and
readability—perfectly apply to popular science writing. In the case of science-based writing, it could
be argued that accuracy of the data, concepts, and evaluation is the most important factor. Even so,
as MacLennan argued, “regardless of how accurate his material may be, however, it becomes
worthless if it is communicated inaccurately” (MacLennan 144). Clarity, on the other hand, should
be “our constant aim.” From the organization of the piece as a whole to the paragraphs and
individual sentences to individual words, clarity is a prerequisite to audience understanding.
(MacLennan 145–146). Hand-in-hand with clarity is simplicity: the goal of communicating an idea as
quickly and easily as possible, whether that is by choosing familiar words instead of technical terms
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or defining complicated terms (McLennan 148). To improve readability, science writers should vary
sentence structure and length, exercise versatility, and write with style (MacLennan 150–151).
Language should be accessible, without convoluted sentences or jargon (Glasper and Peate 965). By
employing the elements of technical communication, science writers can make their work more
accessible and interesting to their audience.
Carl Zimmer, the author of eight popular science books on topics from parasites and
Escherichia coli to evolution, is already familiar with the field of science writing. In his interview with
Nicola Jones, he stressed that scientists do not need a long paper trail to become a writer and, even
though many scientists think that science writing is easy because it is not scientific research, good
science writing is difficult to produce. In his interview, he concluded with solid advice for new
science writers: “Find a subject you love so much that you could spend two years writing about it—
even if nobody bought the book when you were done. That way, if people do buy the book, it’s a
bonus. Love for your topic is very important” (Jones 737). Passion for the scientific topic is crucial;
without it, the writing will reflect that impassion.
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Application
To demonstrate the science writing process and provide examples of popular science
literature, I worked with peer-reviewed articles in the scientific fields of economics and astrophysics.
Throughout the project, I met with the professors at Missouri State University, interviewed them to
understand the technical information in the articles, and wrote popular science pieces inspired by
their work.
Dr. Sharmistha Self’s article Female Autonomy in Rural North India: Impact of Economic, Social and
Political Factors was published in the Journal of Economic Development in 2013 (see Appendix A). She was
excited to introduce me to her research and explained to me that she was a development economist,
and any issue that pertained to developing countries interested her. Although she presented me with
several choices, I decided to work with Female Autonomy in Rural North India because it combined
research in economics, sociology, and political science. Dr. Mike Reed worked with eighteen other
scientists around the world to write Three ways to solve the orbit of KIC 11 558 725: a 10-day beaming
sdB+WD binary with a pulsating subdwarf in Astronomy & Physics (see Appendix B). Among other things,
the article contained research based in seismology, Dr. Reed’s specialty.
Working with subject-matter experts was daunting at first, because it was the first time I had
ever done so. To make the process easier and take up as little time as possible from both professors,
I compiled a short list of specific questions. Most of my questions were unrelated to the information
directly in the article—I asked them about their inspirations for research and for any interesting
stories concerning the articles. The two most helpful questions I raised during our discussion were
“What inspired you to research this topic?” and “Do you have any interesting stories about
researching this topic or working with your coauthors?” I wanted to get a hook or personable story
that I could include in my version to make it interesting for my audience, and Dr. Self and Dr. Reed

Welker 17
were willing to share stories with me. They were also happy to explain the more complicated
economics and astrophysics concepts.
Midway through writing the popular science pieces inspired by the articles, I realized that
simplifying the articles was tricky. I have absolutely no background in economics, politics, sociology,
astronomy, and physics—sometimes, even the most basic concepts throughout the articles confused
me. If popular science writing is meant for an audience that does not have an educational or
professional background in those fields of study, then I was a member of that audience. After that
realization, working with the articles became an entirely new and interesting experience. I also
noticed that my pieces were significantly shorter than the peer-reviewed science articles because I
was working with concepts instead of specific methodology.
While working with the peer-reviewed articles and deciding what information was important
for my audience to know, I implemented several elements of science writing. To showcase the
difference between scientific and science writing, I will present several examples from both sets of
articles.
My overall goal with my economics piece was to describe the methodology and research in
terms that a general audience could understand and would want to read. In Dr. Self’s article and in
my popular science piece Female Independence and How to Achieve It (see Appendix C), the language has
several terms unfamiliar to anyone in the audience who has not studied or practiced economics. To
clarify some of the terms, like “autonomy,” I used synonyms such a “independence” and “selfgovernance.” There were several spaces where I tightened the language and significantly lowered
the word count:
The main focus of the paper will be to determine those variables which influence the
extent of female autonomy in the Indian state of Uttar Pradesh. This state was
chosen for two reasons. First, this state represents an environment in which
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traditionally women have faced significant barriers which have created large gender
gaps in terms of employment, health care, and physical mobility. Thus it will be very
useful to determine whether within such an environment there are useful policies
which could have been used to enhance female autonomy. Secondly, the data set
utilized for Uttar Pradesh contains information on a variety of household and
individual variables unavailable in other publicly available data sets. (60–61)
In my popular science piece Female Independence and How to Achieve It (see Appendix C), I derived the
intention behind the paragraph and used simpler language. It appears as follows:
Self decided to center her research in the rural state because there are large gaps in
gender equality in areas such as employment and the data covers a variety of
individuals and households.
At a later point in her article, Dr. Self used several tables and graphs and then used statistics to
derive information from the graphs:
A preliminary look at the data shows wide variability in terms of both measures of
female autonomy being used in this paper. In terms of leaving the house without
permission, these proportions range from 0% of the women needing permission
(three villages) to 76% of the women needing permission to leave the house. On
average about 35% of women needed the permission of a male member of the
family. In terms of whether or not a woman has the freedom to visit the doctor
without a male escort, the values range from 0% of the women needing a male escort
to 69% needing male escort. On average, about 33% of women overall need a male
escort. Given this variability in a woman’s freedom of movement outside the home,
a natural question arises regarding what factors might be able to explain or influence
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the variation in female autonomy within any particular village, as well as across
villages. (66)
I was concerned that so much statistical data would unnecessarily confuse the audience, so I wrote
the following alternative:
Slightly more than a third of all women from the Uttar Pradesh data set need the
permission of a male family member to visit the doctor. Similarly, a more than a third
need a male escort.
One section in Dr. Self’s article listed the parameters of her study within a paragraph:
Most papers relating to female autonomy concentrate on her autonomy within the
household. This paper begins by taking a different view by measuring female
autonomy outside the household. Specifically, it looks at two measures: a woman
being able to leave the house to see a doctor without the permission of a male
member of the family and a woman being able to go to a doctor’s office unescorted
by a male member. Thus, here we are not focusing on mobility for its own sake,
which is important in itself, but we are looking at mobility that is associated with a
definite purpose and thus even more important. A woman may need to visit the
doctor for her own health or for her children or any other member of the family.
Both of the variables being utilized as the dependent variables measure whether
females enjoy freedom or autonomy of mobility outside the home. (64)
Instead of using a paragraph, I decided to implement a bulleted list:
In her research, Self chose one situation as a measurement of female independence:
mobility, the freedom of a woman to move about. Instead of looking at overall
female mobility, she further focused her view on two scenarios:
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the ability of a woman to visit a doctor without permission from a male
family member



the ability of a woman to visit a doctor without a male escort

The scenarios include a definite purpose and a destination outside the home.
By working with general concepts, simplifying statistical data, and implementing lists, Female
Independence and How to Achieve It is more accessible to a general audience than a peer-reviewed article.
Astronomy and astrophysics are incredibly difficult subjects. To further my restrictions, I
attempted to use portions of the article to which Dr. Reed personally contributed and not directly
work with sections headed by other scientists. Instead of describing the methodology and research,
as opposed to how I approached the economics article, I focused on the results of the research. To
non-scientists, describing more than fifteen months of recording data from wavelengths of light and
radiation from a single star and its orbit is not interesting. However, the thought of an invisible star
is fascinating, and so in Invisible Dwarf (see Appendix D), I focused my popular science piece on the
conclusion as opposed to the methods. For example, the main portion of the conclusion is as
follows:
From our new low-resolution spectroscopy we discovered that KIC 11 558 725 is a
binary consisting of a B subdwarf and an unseen companion. We found a circular
orbit with Porb = 10.05 d, and a radial-velocity amplitude of 58 km s−1. From the high
signal-to-noise average spectrum we redetermined the atmospheric parameters of the
subdwarf: Teff = 27 910K and log g =5.41 dex. (10)
The information presented in that paragraph would be overwhelming and complicated for a general
audience. To describe the same information and relay the same message in my popular science piece
Invisible Dwarf (see Appendix D),I focused on the overall meaning:
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There is an invisible star circling its companion, and Dr. Mike Reed, in cooperation
with astronomers from around the world, used measurements and observations to
prove its existence.
Similarly, there were complex portions of the conclusion involving methodology that was important
to the overall meaning of the research:
One may wonder if it is still necessary to use spectroscopy to solve orbits for targets
in the Kepler field. For the case of KIC11 558 725 the phasing of the spectroscopic
results with respect to the Kepler light curve proved essential in order to establish that
the light-curve modulation is due to Doppler beaming, and not due to reflected light
from the companion or to a contaminating object in the course Kepler pixel aperture.
In general, the Doppler beaming amplitude may not reflect the radial-velocity
amplitude in case the companion significantly contributes to the observed combined
beaming amplitude. However, the phase and amplitude of the light-travel delay as
determined by using the pulsations as clocks provide the same orbital constraints as
derived from spectroscopy. (11)
I summarized the research and methods to highlight the important points:
When collecting data on light wavelengths from the subdwarf B star, there was
always the chance that the subdwarf’s invisible companion could eclipse the other
and skew the data. It was Kepler that saved the day—it applies algorithms to give
accurate light curve data regardless of contamination from other influences.
Since Dr. Reed’s article contained so much mathematics, physics, and astronomy, it was very
confusing for a non-professional. To alleviate misunderstanding, I included definitions and
metaphors. For example, I defined a pulsating subdwarf B star as “a type of subdwarf star with
spectral type B. Subdwarf B stars are much brighter and hotter than typical subdwarf stars, and KIC
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11 558 725 is no different.” To further explain the pulsating aspect of subdwarf B stars, I included a
comparison: “It pulsates, and the changes in its brightness make it look like the twinkling star from
the childhood song.” Although the resulting popular science article was short, I pulled the meaning
out from behind the scientific jargon in Dr. Reed’s article and clearly displayed it for my audience.
My pieces, while not intended for a specialized audience, simplify the content of the original
peer-reviewed articles and make them accessible for a general audience. By using literary and
rhetorical techniques and following the standards of technical communication, Female Independence and
How to Achieve It and Invisible Dwarf exemplify popular science writing.
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Conclusion
Science writing is powerful and difficult, but it is also rewarding. Popular science writers are
in demand everywhere—in newsrooms, at universities, and in national laboratories---and for good
reason, because the genre contributes positively to science literacy in and out of the classroom.
While there are techniques of good writing and technical communication that are applicable
to all writing, including science writing, the most important aspect is passion. Science writers must
want to learn new things each day and spend time familiarizing themselves with one research topic
at a time. They must love what they do, because working with subject-matter experts, scientists and
academics who do not accept science writing as legitimate or scholarly, and unfamiliar scientific
concepts must be exhausting. However, if scientists or writers have that passion for providing
avenues for a better-informed public and simplifying complex scientific information for a general
audience, they should consider making the transition to popular science writing.
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Appendix A: Female Autonomy in Rural North India: Impact
of Economic, Social and Political Factors
Printed with permission from Sharmistha Self
Self, Sharmistha and Richard Grabowski. “Female Autonomy in Rural North India: Impact of
Economic, Social, and Political Factors.” Journal of Economic Development 38.1 (2013): 59–82. Print.
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Appendix B: Three ways to solve the orbit of KIC 11 558
725: a 10-day beaming sdB+WD binary with a pulsating
subdwarf
Printed with permission from Mike Reed
Telting, J. H., et al. “Three ways to solve the orbit of KIC 11 558 725: a 10-day beaming sdB+WD
binary with a pulsating subdwarf.” Astronomy & Astrophysics 544.1 (2012): 1–16. Print.
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Appendix C: Female Independence and How to Achieve It
Courtesy of Dr. Sharmistha Self
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Female Independence and How to Achieve It
In her corner office at Missouri State University, Dr. Sharmistha Self keeps paperwork in
stacks on her bookshelves. Her book collection covers the back table, and potted plants balance
precariously on piles of textbooks and journals. The scribbles and drawings from children hang in
places of pride: above the calendar and on the side of the filing cabinet, facing the entrance. It is not
just an office—it is an extension of her, and it feels like a home.
Southwest Missouri was not always her home, however; Self is from India, and although she
now resides in Springfield, Missouri, her passion remains in Southern Asia. As a professor of
economics and someone who was raised in a developing country, she decided to study development
economics. As a woman from a developing country, she began looking into gender-related issues—
and she found them.
What stood out to her was that women, specifically in the rural area of northern India, have
little independence or control over their own decisions. When women gain independence and the
ability to make their own choices, research shows that the benefits are abundant. Violence against
women by male family members decreases significantly, and their entire household, including their
children, feel the overall benefits. But what decides their level of independence? How can such an
enormous problem as gender equality even begin to improve?
Uttar Pradesh, in the northern part of India, is the home of over 200 million people. There
are more inhabitants in the state than in any other Indian state, and it is the biggest subdivision in
the world. Self decided to center her research in the rural state because there are large gaps in gender
equality in areas such as employment and the data covers a variety of individuals and households.
After viewing the public data, with tables of percentages and rows of statistics, Self found that there
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are several factors that may determine the level of female independence, including politics,
economics, and societal conventions.
In her research, Self chose one situation as a measurement of female independence: mobility,
the freedom of a woman to move about. Instead of looking at overall female mobility, she further
focused her view on two scenarios:
 the ability of a woman to visit a doctor without permission from a male family member
 the ability of a woman to visit a doctor without a male escort
The scenarios include a definite purpose and a destination outside the home.
The results were unsettling, especially for those in Western culture. Slightly more than a third
of all 1,963 surveyed women from the Uttar Pradesh dataset need the permission of a male family
member to visit the doctor. Similarly, more than a third need a male escort. However, the data was
not cut-and-dry: proportions ranged from 0 percent to 69 or 76 percent. But what causes such
variation within and across villages?
Several societal factors contribute to the level of female independence. Women who are
older, marriages in which there is a small age gap between husband and wife, and the education of
females all give women a better chance of choice. Caste (social status) and religion (Hindu, Muslim,
etc.) have an impact as well. A big societal factor includes assumptions that are almost common
sense: If a woman is the head of her household, she will have more control. On the other hand, if a
woman has infant children, she will have less freedom of mobility. While the influence of society
only covers some of the factors, it is an important piece.
When women have the option of working outside of their home, they gain financial
independence and have more of say in their household and life. By taking part in household
finances, women influence purchases and monetary decisions. In a culture where women are
expected to do housework and men work outside of the house, women can tip the balance of power
by spending more effort outside of her home than inside it. The threat may be necessary—

Welker 72
husbands could put on a show of power and threaten their wives with divorce; in turn, if she works
outside of her home, she has options. Financial independence gives women control and allows them
to make choices.
Surprisingly, Self found that the political data returned unexpected results. In areas where a
woman held the title of Pradhan, the village leader, female independence was not improved overall.
However, in areas where a female rose to power from the lower caste and gained political
experience, women are much more likely to have more control over their choices.
Though societal factors are difficult to change in a short amount of time, Self suggested
policy changes to improve female independence overall. By drafting policies that advertise
employment outside of their homes and politically reforming the caste system, women in Uttar
Pradesh have the chance of gaining more independence and the power to make their own choices.
In Springfield, Missouri, both men and women are allowed to leave their homes—either
with a purpose, like visiting the doctor, or to wander around aimlessly—without permission or
escorts. In developing countries such as India, that is not necessarily true. As Self continues
researching gender inequality and uncovering new data, her conclusions will continue to reveal the
solutions to this global problem. With work such as hers, there is a hope that someday both men
and women will have the option of visiting the doctor, alone and without permission.
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Appendix D: Invisible Dwarf
Courtesy of Dr. Mike Reed
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Invisible Dwarf
Even on the darkest nights and with the strongest technology, astronomers cannot see
everything the night sky has to offer. Of the many mysterious aspects of space and the sky, one
involves a quiet friendship between two stars in the Milky Way galaxy, one more shy than the other.
There is an invisible star circling its visible companion, and Dr. Mike Reed, in cooperation with
astronomers from across the world, uses measurements and observations to prove its existence.
When the NASA space telescope Kepler was launched in 2009, its mission was to search a
small portion of the Milky Way galaxy for Earth-like planets. Although it continues to meet its
goal—based on data from Kepler, astronomers have determined that there may exist as many as 40
billion habitable Earth-like planets orbiting sun-like stars—it also accomplished the task of collecting
data on everything in its viewpoint. Although that field of view is limited, and it only covers around
0.25% of the sky, it includes a subdwarf star named KIC 11 558 725.
Even without its unseen companion star, KIC 11 558 725 is rare; it is one of only 16
pulsating subdwarf B stars in the entirety of the Kepler viewing field. KIC 11 558 725 is a subdwarf B
star, which is a type of subdwarf star with spectral type B. Subdwarf B stars are much brighter and
hotter than typical subdwarf stars, and KIC 11 558 725 is no different. It pulsates, and the changes
in its brightness make it look like the twinkling star from the childhood song.
Pulsating stars are what caught Dr. Reed’s interest. As an undergraduate student, he spent
his time working with stars. In graduate school, he changed his focus to whole galaxies. Then
technology improved, pulsating subdwarf B stars were discovered, and he wanted to make a
contribution. After years of research, and in collaboration with astronomers from Belgium, Spain,
Poland, Australia, and California, Dr. Reed presented his discovery of an invisible star, most likely a
white dwarf, that circles KIC 11 558 725.
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It was not easy to prove the existence of the subdwarf B star’s invisible companion star, but
one indication of its existence was hidden in Kepler’s data. When collecting data on light wavelengths
from the subdwarf B star, there was always the chance that the subdwarf’s invisible companion
could eclipse the other and skew the data. It was Kepler that saved the day—it applies algorithms to
give accurate light curve data regardless of contamination from other influences, so it continued to
gather useful information.
Dr. Reed and the team of astronomers spent more than fifteen months working with
observations from Kepler, but it was worth it—they also used that data to learn more about the
internal structure of KIC 11 558 725 and of subdwarf stars B stars in general.
There is a deep beauty to the idea of an invisible star circling another, unseen for countless
years. It is even more overwhelming to realize that white dwarf stars are old; they are stars at the end
of their lifespan. Subdwarf stars eventually become white dwarf stars, and so KIC 11 558 725 is
being continuously circled by its fate. The invisible star is no longer unseen—it has been seen, it has
been recorded, and it will not be forgotten.

