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Writing Scientific Papers II

This document is about 

· The content of a research paper based on the literature

· Analysis and synthesis

· Conventions and styles in scientific writing

Research papers come in several flavors.  Here you will be doing a review and analysis of the literature, which will lead to a different sort of paper than one in which you present your own research data.  However, to quote an excellent website on writing research papers, which you are encouraged to explore:

A research paper is a piece of academic writing that requires a more abstract, critical, and thoughtful level of inquiry than you might be used to. But not to worry, you'll gradually pick up that mindset the more you envelop yourself in tutorial discussions and lectures at the college level and, of course, the more you write. 

Writing a research paper involves (1) first familiarizing yourself with the works of "experts"--for example, on the page, in cyberspace, or in the flesh through personal interviews--to build upon what you know about a subject and then (2) comparing their thoughts on the topic with your own.  You'll end up using relevant information--facts and/or opinions--from these expert sources, these "others," to support the topic you have been given or chosen to explore. Then, as our subsequent steps will outline, the final product will be a unique and appropriate integration of evidence you have located outside yourself and personal insights generated from your own internal think tank--your mind! 

http://owl.english.purdue.edu/workshops/hypertext/ResearchW/what.html
Another useful source on research papers is the webpage for Northwestern’s Writing Place.

http://www.writing.northwestern.edu/links.html
There is no universal set of standards for scientific writing in biology as there is in some fields, but there are some commonly accepted practices.  This document reviews some of these practices.  In a data-based research paper, you would generally have sections for abstract, introduction, methods, results, discussion, and references.  Here we will abbreviate this to introduction, literature review, discussion, and references.  If and when you write data-based papers or extended lab reports, most of the discussion below should be useful, but will have to be tailored to fit.

I. Content of the paper

A. Introduction

The introduction should set up the problem you are addressing.  What is the question you are discussing?  You should give general information about the topic here – basic information that you might have gotten from a textbook or other general source.  

You need to keep your audience in mind.  Assume that readers of your paper will be the instructor and members of the class.  This group has reasonably good general knowledge of animal physiology, but may have no specific knowledge about your topic.  The introduction needs to make a link for them between the general knowledge that you can assume that they have, and the specifics that you will be discussing. 


Whenever you mention prior research or theories, in any section of a paper, you’ll need to cite references.   See Section III for guidance on this. 

B. Literature Review

For many published review articles, the comments about each study cited are rather brief – possibly only a sentence or two.  You are writing a review article, but reviewing a small number of papers in some depth, so your review will go into more detail on each one.  You can organize this section in at least two ways.  First, you can take each study separately, writing one or more paragraphs about each one.  Second, if it is more efficient or helps you contrast studies, you can do comparisons all the way through the Literature Review section.  In either case, there are several things to keep in mind:

1) You should restate the purpose, methods, and important results of each study, and conclusions that the authors drew from the study.

2) If the paper you are citing has only some results relevant to your topic, those results are all you should discuss.  

3) Your review should focus on those points of a paper that tie into the question raised in the introduction.  However, you should minimize your own interpretation of the results.  Save that for the discussion.   

3) The papers you analyze in some detail may not say much in terms of comparing the adaptation across animals, so you may need another section with information on whatever species you are comparing yours to.  This probably does not need as much detail, and primary references are not required here (at least for our purposes). 


Figures and tables often make the results clearer, and will also let the reader judge for himself or herself about the quality of the data.  You should scan relevant figures from your sources and insert them in your paper.  Don’t overdo it, though.  You need to understand what is most relevant or important to include in a brief review, and reproduce only that material.  Tables may be very useful.  If two papers present the same type of information, a table is often the easiest way to do comparisons. 


Figures and tables need legends that explain what they are.  You should always refer to any table or figure in the text and point out what you expect the reader to see (e.g. Figure 1 shows that lung size is a constant fraction of body weight, since the exponent of the power law is approximately 1).  Never stick in a figure or table and expect the reader to figure it out.  


Figures and tables in published work are integrated into the body of the document.  If you want to do this, that’s fine, but it is also acceptable to put the figures and tables on separate pages at the end.  Generally when a paper is submitted for publication, the figures are at the end and the publisher does the integration.

C. Discussion

This is a very important part of your paper.  Here you may do several things and structuring this section is often difficult even for experienced writers. 

1) Analyze the quality of the work in the papers you have discussed.  You should consider a number of questions and write this section in a way that flows – not a question and answer format.  The following are points to consider; you won’t necessarily want to address them all. Did the authors show convincingly what they claimed to show?  Did they show you the data on which the conclusions were based?  Did it appear that they had a large enough sample to be sure about validity of the results?  Did they perform statistical tests?  (You aren’t expected to know much about statistics, but if a paper contains numerical values, chances are that statistical tests should be done).  What are the limitations of the paper?  In more general terms, did they move the understanding of the topic forward?  

Don’t be too hard on the papers, though, or criticize just for the sake of criticism.  Remember that the authors of most studies have to deal with both biological variability and experimental variability, which can’t be reduced to zero.  The scientific method usually calls for manipulating one variable and holding all others constant, but that is very tough in many physiological experiments, so the biological variability in data can be large.  You have to hope that variation in properties you can’t control either doesn’t make any difference, or that if variation in some uncontrollable property does influence the variable you care about, it will average out.  

2) Discuss what questions are raised by the work and where to go next.  You may want to discuss new hypotheses or suggest further work that could be done, either on the same animal or different animals, with similar or different techniques.  This work could further identify mechanisms, extend the range of applicability of the findings, etc.

3) Given whatever limitations you found in the studies, attempt to provide a brief summary that answers the question raised in the introduction.   You might start this section “In conclusion,…”

D. References

All references cited in the paper should be listed here, and vice versa.  That is, all references in the reference list should be cited in the paper.

Entries should be listed in alphabetical order by last name of the first author.

There are a number of reference styles in force in biology that vary by journal.  Any consistent style that gives complete information (authors, year, article title, journal, volume, page numbers) is acceptable in your reference list.  The style used for references in the textbook is a very good choice.  Books, and chapters in books are referenced differently from articles. Again, the text has examples. 

In citing papers in the text of your paper, follow the rules in section III of this document.
II. Analysis and synthesis

For your paper to be excellent, it requires very good analysis and some synthesis.  There may not be any absolute definition of the difference between these two ideas, but analysis requires critical evaluation of existing material, and synthesis requires generating something new.  In the present context, analysis means taking apart the papers you have chosen to focus on, understanding them relatively thoroughly, asking whether the experiments were the right ones to test the hypothesis (if one was given),  and evaluating the presentation of the results for clarity, completeness, and bias.  You’ll be analyzing each of the papers you are focusing on in your Literature Review section, but that section might involve synthesis as well.

   
Synthesis requires combining information from more than one source.  A few examples of syntheses that might appear in your paper are:
• Discussing common themes that support a general point

• Showing evidence of common results in a table that uses data from multiple sources or plotting data from more than one study in a single graph

• Explaining a conflict between different sources

• Proposing a resolution to a conflict between sources

• Generating a new hypothesis that could be tested based on an analysis of the results of previous studies

• Reflecting on how and why ideas about some subject have changed over time.

• Explaining the advantages of a particular adaptation, or how a particular group or species that uses some physiological mechanism differs from a comparison group that does not use this mechanism. 

Some of the insights just listed would count as synthesis if they were your own insights and were not discussed in original sources.  However, they could be analysis if these concepts were in the original sources, but you pulled them out, recognized that they were important, and reported on them.   

III. Conventions, styles, and mistakes to avoid

· Good scientific writing is both concise and precise.  After you have a draft, go back and see whether you could have used fewer words to get a point across, and whether you really said what you meant to say. [For some reason, reading a draft on a computer screen is not very good for this step.  Even after a tremendous amount of practice in writing, I find that I have to print a document, read it with a red pen in hand, and then return to the computer.] 

· The corollary to that first point is: Proofread your paper carefully to make sure it says what you meant, and to make sure that spelling and grammar are correct. . Spell checkers and grammar checkers are helpful, but they don’t catch everything.  “Affect” and “effect” are both words, but they are not interchangeable.

· Use past tense when describing earlier studies. Only use present tense when you are making a general statement.  It is likely that the literature review section will be entirely in past tense, but the discussion may be in present tense.

· Do not plagiarize.  Generally you should paraphrase or summarize original sources. If you need to quote something, and there are various reasons why you might want to do that, put the material in quotation marks or indent the section of the paper.  Follow the guidelines given below for references. You are responsible for knowing the information on the following site:   http://www.wcas.northwestern.edu/advising/academic.html  

· If a paragraph is nearly a page long, or longer, then it is probably too long for the reader.

· Define all abbreviations (except very standard ones like O2 and ATP and ECG) the first time they are used.  Don’t use too many abbreviations.  They shorten the text but make it more difficult to read.  Never start a sentence with an abbreviation. 

· Use an 11 or 12-point font and 1.5 or double-space the whole paper. Use 1-inch margins. Word has a default of 1.25” margins, which are too big. 

· Number the pages.

· Left justify the text; it should not be justified on both sides of the page. 

· Follow the rules for when to use numerals (1, 2, . . .) and when to use words (one, two, . . .). In general, the numbers one through nine are spelled out, while numbers 10 and higher are not.  Some sources prefer to use words for values less than 100.   Always spell out numbers at the beginning of a sentence or restructure the sentence to avoid starting with a number.

· Put commas between elements in a series, including before the “and” that precedes the last element. An example: The shapes used for the stimuli included squares, triangles, trapezoids, stars, and circles. 

· Elements in a list should have parallel structure.   If you have a list of phrases, they all need to start with the same part of speech, and not a mixture. ( Good: In writing a paper, you should write full sentences, check spelling, and minimize use of abbreviations. Bad: In writing a paper, you should write full sentences, check spelling, and minimizing abbreviations.)  The bullet points in section II are parallel.  

· Here are some guidelines for referencing papers in the text modified from Linsenmeier (2003)

* Books, chapters and articles should be cited in the text of your paper by giving the last name(s) of the author(s), followed by a comma and then the date of publication.  This information should be enclosed in parentheses.  If the name(s) of the author(s) are already in the sentence, then you just need to add the date (in parentheses) right after the name(s).  

* If you quote verbatim from a source, then you need to give the page number(s) too, but generally you will be using your own words, so this is not necessary. 

* If you cite more than one source in the same sentence, then alphabetize the different sources by the last name of the first author and separate them by semicolons.  If two sources have the same first author, alphabetize by the second author’s name. If the author(s) of two sources are identical, put them in chronological order.

* If you refer to a source more than once in your paper, then any reference after the first one will be a little different.  It should give the last name of the first author if there is one author, the last names of both authors if there are two authors, and the last name of the first author followed by “et al.” if there are more than two.  Then give the year of publication.     

Here are some examples:


College students see themselves as less vulnerable than the typical student or the average person to various negative events (Perloff & Fetzer, 1986).

A series of minor, annoying events may affect health more negatively than a single major stressor (Kanner, Coyne, Schaefer, & Lazarus, 1981; Lazarus, 1984; Ruffin, 1993).  [ Note: If you refer to the Kanner paper again, then you would say (Kanner et al., 1981)]

Hill and Stone (1960) list several ingredients that contribute to successful outcomes. 

[Notes: Here the authors’ names are part of the sentence, so just a date is needed in parentheses.  You use “&” to link co-authors within parentheses, but “and” outside parentheses. This is true in American Psychological Association style, and some others, but not all styles]

Other psychologists have claimed that "almost all of us have gone through depression and know how it poisons daily life" (Seligman, 1990, p. 54). [Note: The page number is necessary only because this is a direct quote.]

Taylor (1989) notes that "optimism pervades thinking about the future" (p. 32).

· Write in third person.   Even in the discussion, you should generally not use “I” or “we.”  Rules on this are bending somewhat, but first or second person is generally acceptable only to avoid very complex sentence construction.  

· Write in active voice when possible.  

· Do not use contractions in scientific writing.  Do not start sentences with conjunctions (and, but, or) or, as noted above, numerals.

· Always put periods and commas inside quotation marks.  The location of question marks with respect to quotation marks depends on the context. 

· Remember that the word “data” is plural.  The singular is “datum.” It would be correct to say “these data provide convincing evidence…”  This may sound odd for a while, but you will get used to it.

· Conventions for giving complex scientific units vary by journal.  For instance Kcal/kg-hr could be represented as Kcal/(kg-hr) or Kcal/kg-h or Kcal per kg per hr or Kcal-kg-1-hr-1.  Any are acceptable for our purposes. 
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