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Wanted:  A Writing Strategy


In the previous essay in this series (How to Write a Paragraph,) I explained that if you didn’t know how to properly organize a paragraph, you would likely find it progressively harder to write as you are given larger assignments.  If you do follow this model of paragraph construction, on the other hand, organizing a much larger paper or thesis turns out to be fairly simple, provided you start with an effective strategy.  A strategy is a plan of attack, but before you can create a plan, you must have goals.  You may have some very specific goals in mind for the papers you write, but any scientific paper ought to be designed to 1) attract other scientists to read at least parts of it, 2) prevent readers from getting lost as they interact with it, and 3) convince them of some important point(s).


These goals might seem trivial, but it isn’t always easy for a novice scientific writer to see how to put them into practice.  This is because you will have to deal with a particularly difficult problem that is somewhat specific to scientific writing.  Very few of your readers, that is, will actually slog through your entire piece.


This essay is meant to help you effectively deal with this problem, but still produce an engaging, clear, and convincing argument.  In addition, you will learn how to use your paragraph organization skills to make your task easier.

The Logic of a Scientific Paper


Your primary and secondary school teachers have undoubtedly tried to teach you how to write engagingly, clearly, and convincingly, but you may still be entirely unequipped to deal with the aforementioned fact of life for scientific writers—scientists rarely read entire articles.  This is because the scientific literature is so vast that nobody can possibly master all of it; and yet, our goal is to make science as a whole internally consistent.  (It’s no good proposing a geological hypothesis or model that conceptually violates fundamental theories of physics, for example.)  We comb through databases, searching for any literature that might bear on our work, and it usually turns out that the stack of literature that could be significantly related is much too large.  To stem the tide, we look at a couple key features to determine whether we want to bother finding and printing a paper; and if we do, we look at a few more key parts for the information we want.  Then, if we just can’t stop ourselves, we might read the entire paper.  Given this reality, it is essential that writers of scientific papers organize their work into an accepted format so that colleagues can quickly find what they want.  


Writers of scientific papers want others to read every word, on the other hand—we all like to feel that our work is vitally interesting and appreciated.  Your writing strategy, therefore, should be to put information where it is expected, but use every opportunity to hook the reader into delving deeper.  Think back to the previous essay on paragraph organization.  The main idea was that readers look in particular places for paragraph elements that perform certain functions.  One of these elements (the POINT) is supposed to give away the gist of the paragraph in a single sentence; so hypothetically, a reader could skim your essay to get the gist without reading the entire thing.  And yet, the issue segment of a paragraph is designed to smoothly draw the reader into the subtle nuances of the overall argument.


The way this give-and-take plays out in a well written scientific paper is surprisingly similar.  Certain elements of the paper are designed to give casual readers the information they want up front, while others are designed to draw the reader into the thick of the argument.  In the following subsections, we will examine how each major element of a scientific paper performs these functions for a typical reader.

The Title


Potential readers will usually find your paper by searching through some kind of online database, and the first part of your paper they will see is the title.  Will they click on it and read the abstract?  If they do, the reasons are likely that 1) they are looking for the kind of information you provide, and 2) your title is sufficiently clear and informative to get across what the paper is about.  Since your title can’t be excessively long, on the other hand, you will have to struggle with the question, “What is my paper really about?”


As I write this, some colleagues and I are working on a manuscript that describes a new kinetic model we created to predict quartz dissolution rates from pH 1-12, [Na+] = 0-0.5 M, and 25-300 °C.  As we struggled to create the title, we tried things like “A Mechanistic Quartz Dissolution Rate Law for pH 1-12, [Na+] = 0-0.5 M, and 25-300 °C.”  This would have been acceptable—it certainly describes a large part of what the paper is about—but we came to the conclusion that the model we created was not the most important aspect of the paper.  Instead, we felt that our most important point was a critique of attempts to derive molecular-scale mechanistic information from macroscopic solution measurements in dissolution experiments.  We changed the title to, “Macroscopic Measurements to Molecular Mechanisms?  The Case of Quartz Dissolution,” and left the description of our model to the abstract.
  This second title is reasonably short, but it also clearly describes the question we are really trying to address, and the kind of information we have developed to do so.  

The Abstract


If potential readers click on your title in the database, they will next encounter your abstract.  Unfortunately, many scientific writers treat abstracts as an afterthought—a nuisance.  And it shows.  Badly written abstracts are often full of vague promises that “we will discuss x,” and the like.  The abstract of one paper about a new ground-penetrating radar system
 says, for example, “Finally, a comparison with a commercially available Geophysical Survey Systems, Inc. (GSSI) radar system is presented, and we discuss how the system can be modified and improved for future exploration on Mars.”  Well, can’t the authors briefly tell us which system performed better, and how their system can be improved?


A good abstract is truly a summary of the entire paper.  Authors present the main issue addressed (albeit in condensed form,) along with their main methods, results, and conclusions.  Consider, for example, the abstract for our manuscript on quartz dissolution.  (And don’t worry if you don’t understand all the terms.)

[Example 1]

Recent work on large (hydr)oxo-molecules calls into question the ability to extract meaningful, molecular-scale information about dissolution mechanicms at mineral surfaces from bulk analysies, e.g., dissolution rate and surface charge measurements.  The idea is to transfer information about molecular-scale processes obtained on these large molecules to macroscopic studies of mineral surfaces.  Here we examine this issue of scaling by evaluating and extending a mechanistic rate law for quartz dissolution that was based on a large set of data from 25 to 300 °C, pH 1 to 12, in solutions with [Na+] ( 0.5 M, and on a triple-layer model of quartz surface acidity (Dove, 1994).  Results obtained with statistical and graphical analyses show that the original model that includes two mechanisms involving hydrolysis of Si centers by H2O at quartz surfaces leads to significant systematic errors in the fit.  However, if the model is extended to include a mechanism involving hydrolysis of Si centers by OH-, the systematic errors are strongly reduced.  There are some indications that the extended model lacks a proton-promoted dissolution mechanism, dominant at low pH.  Even if this extended model is correct, the only reason it could be derived in this manner is that quartz surface structure and acidity are relatively simple.  Similar approaches for other, more complex minerals would not likely be fruitful because of difficulties in precisely determining the surface speciation.  And therefore, by focusing on simpler analogues or molecular modeling, we are more likely to obtain valid insights into molecular-scale processes at mineral surfaces.  ON the other hand, such information cannot be properly transferred to mineral surface processes without the kind of surface-specific information that is becoming available through other advanced experimental techniques.
Here the main issue (whether molecular dissolution mechanisms can be derived from macroscopic measurements) is presented, the methods of attack (statistical and graphical analyses of macroscopic measurements) are briefly described, and the results (the model predicts well, but there are indications it might be incomplete) are summarized along with the main conclusions (it’s going to be hard to do as well for other minerals.)


Abstracts written this way are more likely to give readers what they are looking for up front—while they are still looking through the literature database.  It might seem paradoxical, but giving up your goodies right from the start actually raises the chances that other scientists will want to continue reading the rest of your paper. We scientists are a skeptical lot, you see, and if someone draws a conclusion that we find interesting (or infuriating,) we often want to find out exactly how it was reached.

Tables and Figures


If your title and abstract succeed in luring other scientists to print off your article, it is by no means certain that they want to slog through the entire thing.  Instead, they may merely want to dig out some specific bits of information that were summarized in the abstract, and the first place they will look is in your tables and figures.  When you design them, therefore, you should try to anticipate what kinds of information your readers would be interested in finding quickly.  


While writing our quartz dissolution manuscript, for instance, we decided that many casual readers would simply want to reproduce our model for predicting quartz dissolution rates, so we designed our tables and figures accordingly.  The model incorporates an equation and a separate model for predicting quartz surface speciation. It was also calibrated on a large set of quartz dissolution rate data. Since the equation was already easy to find in the text, we left it alone. The model for quartz surface speciation has a standard form, but its parameters vary from mineral to mineral, so we decided to create a small table to report these parameters. With the equation and the speciation model, others could reproduce our model, but to make sure of its proper implementation, they might want to test it against some of the same data we used. Therefore, we put all our quartz dissolution rate data, along with our model predictions for each experiment, into a large Microsoft Excel spreadsheet that we intended to be an electronic annex to our paper. That way, our readers could download the table in a readily usable format. Readers who would simply be interested in reproducing our model would also want to quickly judge how well it does its job of predicting quartz dissolution rates, so we included as figures x -y plots of predicted vs. measured rates (Fig. 1).

Figure 1.  Here we plot quartz dissolution rates in alkaline solutions predicted with our rate law for particular chemical conditions vs. rates actually measured under those conditions.  The different symbols represent distinct datasets, and the solid lines represent regressions of each set.  The dashed line shows where the predicted and measured rates would be exactly equal.  This figure is meant to show readers how well our model predicts quartz dissolution rate data, including the trends of individual datasets.


It is also important to design figures with serious readers in mind, who will pick apart your every word. In this case, figures serve both to convince readers of particular points (see Fig. 1), and help them follow the complex arguments scientific papers typically include. Many geological papers, for example, include maps and cross-sections to show the reader the location and geological context of study sites. This is usually also described in the text, but many readers (even expert geologists) would be incapable of properly visualizing this information without the aid of a figure.


Since tables and figures are often used by people who don’t really read most of the text, it is imperative that you create captions for them that (as far as possible) fully explain their significance. It is particularly annoying to skim for information in figures or tables and find a caption that gives a barebones description of the content with the disclaimer, “See text for discussion.” Readers understand that a caption can’t say everything, but it ought to be descriptive enough to orient the skimmers.

The Introduction


While serious readers will not necessarily begin at the beginning of your scientific paper, if they have picked through to find interesting tidbits and are sufficiently intrigued, they will start over at your Introduction. And just like the issue segment of a paragraph, your Introduction is meant to draw the reader into the argument. Since your Introduction is part of something much larger than a paragraph, on the other hand, you must also design it to keep serious readers oriented. Your readers should never get stuck on a paragraph or sentence, wondering where you are going with your argument, or why they should care. Read the following brief outline of a typical Introduction in light of these considerations.

The Hook


Science is all about solving problems, but the kinds of problems addressed by individual studies are usually very narrow. Your target audience might not be familiar with your narrow topic, but they might well be concerned with some larger issue that encompasses yours. Your Introduction should, therefore, start with the larger issue as a “hook” to draw readers down to your more narrow focus. A study of paleoclimate indicators in a small region, for instance, might add to the knowledge base needed to address broader questions about the factors that drive climate change. You might begin a paper on this narrow topic with a short statement about the difficulties involved in sorting out the relative importance of climate drivers, and then discuss what kinds of information we need to sort that out. Then you could narrow the focus to another problem—we don’t yet have enough of this information to derive conclusions that are solid enough to satisfy everyone—and explain how more of particular types of information are especially needed to further constrain climate models. Notice how this hook follows the pattern, Big Problem(Big Solutions(Narrower Problem(Narrower Solutions.

Your Narrow Problem(Your Narrow Solution


Now your readers would be ready to be interested in your (very narrow) topic, and you would have established a rhythm that builds to a climax exactly where you want it. Your readers would be concerned with the Big Problem, and agree that we need particular types of information to solve it. They would be concerned that we lack some of this information, and think that more work needs to be done to get it. And guess what? You have tackled a narrow problem whose solution provides exactly this kind of information! At this point, a brief, but clear statement of your narrow problem and your means of solving it would be just the thing to help your readers see the POINT of your work.

The Peek


You could end your Introduction right here, with the POINT at the end of the issue, just as in most individual paragraphs. But just when you have your readers slavering over what your study could potentially offer, you can hardly expect them put that aside and start trudging through your Methods section. Maybe some of your readers already caught a glimpse of your results in the Abstract, figures, etc., but most of the time it is prudent to offer them a little peek at your results at the end of your Introduction. To what extent were you able to solve the problem you tackled? It isn’t strictly necessary, but the Peek can be very effective for smoothing your readers’ interaction with your paper.

The Methods Section


The Methods section is where you would go into detail about how you solved your problem, and so it is imperative that you clearly relate each method to that problem. An easy way to do this is to write an introductory paragraph for the section structured something like this.
In order to solve the problem just outlined, we needed A, B, and C [which are different kinds of information]. We obtained A by using method X, B by using method Y, and C by using method Z. These methods are explained in detail below.

Then you would have subheadings for methods X, Y, and Z. Can you see how structuring your Methods section like this would help keep your readers firmly oriented? In essence, this is writing an issue for the entire section.

The Results Section


Since you just told your readers that you needed information A, B, and C to solve your problem, and you obtained them by methods X, Y, and Z, you will next need to report your Results. Again, you might start with a short introductory paragraph that tells the reader to look for information A, B, and C in the following subsections, which detail the results of methods X, Y, and Z. Then you would insert subsections for the results of each method. It is as simple as that. Can you see how, up to this point, you have told your readers exactly what to expect, so they can always see how what they are reading at the moment relates to the overall argument?

The Discussion Section


Now that you have given your readers results A, B, and C, they would want to know whether they match up with what other scientists have observed. If not, then you need to explain why your results are more reliable. Also, your readers would want to know what your results mean in the context of your problem. Are they consistent with some hypotheses, but not others? How do your new results solve, or contribute to the solution of, your chosen problem? Again, an easy way to do this is to write an introductory paragraph for your Discussion section that says what the significance of your results is, and then insert subsections that support your initial statement.

The Conclusions Section


You will wrap up your paper with a Conclusions section, which is usually a brief restatement of the problem, your methods for attacking it, the main results, and their significance. You should also use the Conclusions section to look forward to further research that is needed in this area, or to highlight important issues that the research has uncovered. If you have made a solid argument, your readers should leave satisfied with what you have done, but wanting to hear more from you in the future.

Paragraph Logic and Paper Revision


The theme I developed in the last section was that a scientific paper should be organized to draw readers into the argument and keep them oriented throughout. But I also promised at the beginning of this essay that if you follow the guidelines for paragraph organization given in the previous essay, it would be easier to follow the advice given here about paper organization. There are three main reasons for this. 1) If you examine closely the model presented here, you will find that the model for paper organization involves the same basic elements (issue, POINT, discussion) as a paragraph. 2) This model also requires these elements be present in every section of a paper. 3) Since a properly organized paragraph always has a clearly stated POINT, it is easy to see whether the ordering of your POINTs adds up to a full and coherent argument.


An easy way to test the flow of your argument is to highlight all the POINT sentences in your paragraphs, and just read them. I grant it will sound a little choppy, but you should be able to tell whether there are gaps in your overall argument, or whether you ought to rearrange some of your POINTS ought to be rearranged.

Into Practice

Remember that good scientific writers have different styles, and the model you have been shown here is only one of them. This model, however, is designed to give you very specific, obvious things to look for as you try to become a skilled scientific writer. As you write/revise a scientific paper, ask yourself the following questions and try to make changes so that the answers will all be “yes.”

1. Does your Title clearly express what your article is really about?

2. Is your Abstract truly a summary of the entire article?

3. Would casual readers find what they would likely search for in your Abstract, tables, and figures?

4. Do the captions offer enough help for readers who don’t want to go searching through the text for the meaning of tables and figures?

5. Does your Introduction connect an established problem (that would interest most readers) to your specific problem?

6. Does your Introduction include a clear, but brief statement of your problem and your proposed solution? (That is, does the Introduction include the issue and POINT for the paper as a whole?)

7. Does each major section of the paper state a clear issue and POINT, so that readers would always be aware of the relationship between the current section and the overall argument?

8. Do the POINTs of your paragraphs form a complete, coherent argument?
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