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SCIENTIFIC WRITING EXERCISE

Paul R. Ecklund, Cheryl R. Franchina, Jon C. Glase, and Jerry Waldvogel

INTRODUCTION

The writing of scientific papers is an extremely important function of all researchers. The dissemination of newly acquired knowledge, by publication of research papers, is necessary for the advancement of science. To accomplish this information transfer, numerous scientific journals are published. Anyone planning to be involved in biological research and/or teaching or planning to apply the information from biological research, as in medical practice, must be able to understand and evaluate the information in the biological journals. To facilitate your understanding of scientific writing, you are asked to read and discuss a short research report from a journal, and each semester you are required to write a report on an investigative study according to a format used for biological journal articles. Due to the great number of journals and the idiosyncrasies of each, there is no single format for scientific papers. We present a format you are expected to use which is similar to that used by many journals and is based on the format presented in Scientific Style and Format, 6th edition (1994) by the Council of Biology Editors Style Manual Committee.

Why are you required to write lab reports in a scientific style? Preparing a scientific paper develops your ability to organize ideas logically, think clearly and express your ideas precisely and concisely. These skills are useful in all aspects of life.

Pages 2 - 12 provide a guide to writing a scientific paper. Pages 12 – 19 give examples of two abstracts and one scientific paper from a scientific journal.

INDEX TO MAJOR TOPICS

Topic
Page
RECORDING INFORMATION
2

PAPER WRITING STRATEGY
2 – 4 

SCIENTIFIC PAPERS:  CONTENT AND PURPOSE

OF THE SECTIONS


Title
5


Abstract
5


Introduction
5 – 6 


Methods
6


Results
6 – 7 


Discussion
7 – 8 


Cited References
8


Appendix
8

INSTRUCTIONS FOR AUTHORS


Abbreviations
8


Scientific Names
8


Tables and Figures
9 – 10 


Reference Citations
11 – 12 

EXAMPLES OF ABSTRACTS AND PAPER



Abstracts
12 - 14


Paper
14 – 18 

RECORDING INFORMATION

A prerequisite for writing a scientific paper is the recording of all the necessary information–all the materials and procedures used and all the data collected. It is not a course-wide policy to require you to keep a laboratory notebook, per se, although individual lab instructors may have this requirement. Nevertheless, the essential information from a study should be recorded during the study on loose-leaf pa​per and included in your laboratory text for future reference.

What is essential information? The results of a study are useful only if they can be verified by repeating the study. Therefore, you must provide the reader of your report with sufficient information for him/her to be able to repeat your procedures. Necessary information may include:


scientific name(s) of organism(s) used


environmental conditions (e.g., temperature, light source)


descriptions of apparatus used


descriptions of manipulations of organisms, tissues, etc.


duration of a treatment or testing period


number of replications of a treatment

NOTE:
Linear distances, areas and volumes should be expressed in metric units.

Recording Methods

If the materials and procedures you employ are identical to those described in the laboratory text, you do not need to record them because you can obtain that information from the book. Record any modifications to methods described in the laboratory text and any “new” materials and methods. Diagrams of apparatus used are often helpful.

Recording Data

All results, observations, and other information which seem to be relevant to your study should be recorded. It is better to find that you have recorded information you do not need than to find you are lacking data which should have been recorded. If replicate sampling is used in your study, record data for each replicate.

PAPER WRITING STRATEGY
The goal of scientific writing is no different from that of regular writing:  to communicate ideas. All the methods of good writing still apply; you must lead your reader from the most general ideas to the most specific details and then back to a summary or broad conclusion. A scientific paper consists of four main sections: Introduction, Methods, Results and Discussion. Each section of the paper does not stand alone; rather, information must flow in logical order from one section to the next. Scientific writing format reflects the scientific method: one starts with known information or observations, develops a hypothesis and predictions and chooses a method and biological system to test it (introduction); one gathers data (methods) and analyzes them (results); one draws conclusions, compares results to previous knowledge, and proposes the next logical research step (discussion).  Although the reader is assumed to know some background information, the idea that scientific writing must be obtuse and full of jargon is a fallacy; a good writer will be understood by a diverse audience. The target audience for your paper determines what amount of detail is appropriate. Your target audience is not a person who actually was present during the study (e.g., your lab instructor or a classmate). Assume your target audience to be persons at your level of biological education (i.e., students in a college-level introductory biology course). Also assume that any audience is very busy, so conciseness and clarity are critical if you expect your paper to be read.

Writing any paper is a lot of work, but should not be overwhelming. The strategy below works best if you space your time over 1-2 weeks. Start early! The hardest part is just getting something down on paper (steps 1-5), but your work does not end there. You should revise many times, starting with the big things and dealing with the most specific details later, but each revision will take less time. Good writers do not write inherently better drafts; they just revise more. In practice, writing the paper need not follow the order of events as they occurred.

1)
Read the information pertaining to the Introduction, Methods, Results and Discussion under SCIENTIFIC PAPERS: CONTENT AND PURPOSE OF THE SECTIONS (pages 5 - 8) and review your laboratory study. Get an idea of the overall structure and function of each section of the paper and how it might apply to your study. If you are hopelessly lost, meet with your lab instructor as soon as you can.

2)
Make a list of specific facts and terms for each section by following the “Include” lists. (You will actually save time if you do this within one week after completing the study, even if you do no actual writing.) It is better to generate a list that is too inclusive, and cut non-essential information later. At first forget about format, citations and page limits.

3)
Write the Methods and Results as soon as possible after doing the study. (This saves you the time of trying to figure out weeks later what you did.) Make sure the content and order of the methods and results match each other closely. If statistical tests are needed, do them first; exactly how you do them will be shown in your paper's appendix (see page 8). Consider seriously whether any figures or tables are necessary to clarify the text; do not assume they are. If you have complex data, you may need to graph or tabulate them in order to analyze them properly; for now do not number figures/tables or refer to them in the text. Every important aspect of your paper must be present in WORDS, so write the text so that it stands alone. Add the abbreviations and definitions of terms used here to your list for the Introduction.

4)
Determine the scientific purpose of your study, rather than the “teaching” purpose. Since all scientific studies compare the results to those from previous work and all student labs are designed to increase your experience, these are not adequate purposes. What did your hypothesis predict and did your results cause you to reject, accept or modify the hypothesis? Answers to these questions become the end of the Introduction and the beginning/end of the Discussion, respectively. 

5) Write the Introduction and Discussion. For the introduction, what information is important for the reader to understand why you did this study using this method? Will s/he understand the statement of purpose upon reaching the end of the introduction? Will s/he know why each method was done? Review definitions; if some address the HOW of the study more than WHY, put them in methods. The bulk of the discussion is interpretation of your results, so match the order and content of the results section. Each point you discuss should be foreshadowed elsewhere and should not surprise the reader. Detailed comparisons to or descriptions of previous papers belong in the discussion. 

You likely will use information from certain sources to explain the purpose and significance of your study in the introduction and to evaluate and explain your results in the discussion. You must give credit to the source of information in the form of a citation in the text of the paper. If you present information exactly as it appeared in the source, it should be in quotation marks. In general, you should avoid using direct quotations, but some definitions may be best presented this way. Instead of quoting information, paraphrase it to convey the idea(s) of the author, but not exactly in his/her words. When you paraphrase an author you must indicate that to the reader. Below are examples of paraphrasing statements in Laboratory 8.

From the background information on isopods:

“These terrestrial crustaceans, sometimes called sowbugs or pillbugs, are common inhabitants of leaf litter and soil. They feed on decaying organic material as well as algae, moss, and bark” (Glase and others 2002).

Paraphrase for a study using Armadillidium vulgare: 

As described by Glase and others (2002), Armadillidium vulgare is a terrestrial crustacean commonly found in leaf litter and soil where it feeds on decaying organic material.

From the background information on fish schooling behavior:

“A fish school can be defined as a group of individuals maintained through time because its members are showing positive orientation towards each other, and not because they are responding similarly to an external factor such as food, light, or shelter” (Glase and others 2002).

Paraphrase:

Glase and others (2002) define a fish school as a group of fish which stay together through time by the positive orientation of the group members toward each other, and not by their similar response to some external factor such as light or food.

6)
Once you have a working copy of the four sections, compose a tentative title and then take a break.

7)
Revise for content and logical flow. See how much sense your paper makes to you later. Can you easily make an outline from the text? If not, you will likely confuse the reader. Move things around to make more sense or to eliminate repetition. Add information you may have skipped. Use transitions (in contrast, however, although, thus, whereas, moreover, despite) to clarify connections between ideas. Carefully review the function of each section of the paper. Transfer misplaced items to the correct section of the paper. Remove details that are not needed to understand the study, or did not affect the results. Work on understanding the whole study and revise as you gain understanding.

8)
When you have a good working copy, solicit friendly reviewers, preferably persons who know nothing about the study. Ask them to point out parts that confuse them; then repeat step 6.

9)
Now is the time to address format. Carefully follow all instructions to authors (pages 8 - 12). Scan for consistency and correctness of tense in each section. Decide where you want the reader to refer to a figure or table to clarify what you say in the text and add the citation (Figure X). Number tables/figures in the order they are cited in the text and give them titles/captions that are consistent with the text. Add appropriate literature citations throughout the paper and write the Cited References section.

10)
Revise just for conciseness, which depends more on the style of writing than the content. The flexibility of the English language enables one to phrase something in many ways; pick the shortest and simplest, not the fanciest, way. Things should be stated in the most direct manner. State things directly. Be direct! Eliminate sentences that contain no specific information ( An important concept is X; Y is interesting; The data are presented in figure Z) or make them specific. Combine sentences that repeat the same phrase(s). Phrases like "in other words," "the fact that," and "it was found that" are red flags that you are not being concise. Replace weak verbs (is dependent on) with active verbs (determines). Do not use contractions of words for conciseness. Do not worry if a section becomes very brief; it cannot be too short unless you leave out critical information or make the text too difficult to read.

11)
Revise for clarity and scientific style. Describe animal behavior as you observed it without making assumptions about the internal state or thought processes of the animal. Eliminate phrases that sound like a student report (in this lab; we learned how; compiled class data). Refrain from expressing irrelevant opinions (clearly, easily, hopefully, luckily).

12)
Start your Abstract by copying and pasting critical sentences from each section. Some things will no longer be necessary (definitions, background) while others are forbidden (references to figures, tables or previous papers). Condense, but make sure each important point is addressed, not lumped in and confused with others or left out entirely. Decide on a final title.
SCIENTIFIC PAPERS:  CONTENT AND PURPOSE OF THE SECTIONS

Title: the ultimate SUMMARY

The title should distinguish your study from a thousand others in the same area of research on the same organism. Only the title appears on the contents page or when your work is cited, so make it interesting and specific enough that someone will read your whole paper. Some journals require the title to be a sentence stating the most important result, conclusion or question of the study.

INCLUDE


Scientific name(s) of the organism(s) used


Optional: common name(s) of organism(s) used (for readers outside your field)

Abstract: SUMMARY

The abstract is an independent entity and may even be published alone. It describes only your study. Do not use the first person. Each part of the paper (introduction, methods, results and discussion) should be summarized without reference to figures, tables or other authors' work. Conversely, the paper should stand alone without the abstract; anything here should also be in the paper. This is the most difficult section of the paper to write because it must state every important aspect of your research in a concise manner. It should be the last section you write.

INCLUDE


Scientific name(s) of organism(s) used


Statement of purpose/hypothesis


Brief review of methods


Results, including results of statistical tests (with alpha values)


Conclusion(s)

DO NOT INCLUDE


Citations of figures, tables or papers


Abbreviations (unless defined here)

Examples of abstracts are on pages 12 – 14.

Introduction: WHY did you do this study this way?

The introduction presents the explanatory system of the study, although it is not referred to as such. Present tense is reserved for generally accepted facts and the past tense is used for the study being reported. Here you establish the basis for your study, which may be observations you have made or those reported by others in the literature. You explain how your methods will address the question, and justify your choice of organism. Any specific terms and abbreviations you use later should be defined here. The introduction, however, is more than just a list of definitions; it should connect them logically, progressing from the most general subject matter to the most specific, and ending with a clear statement of purpose.

NOTE:
Since all scientific studies compare the results to those from previous work, and all student labs are designed to increase your experience, these are not adequate purposes.

INCLUDE

Scientific name(s) of research organism(s)


Background from most general to most specific


rationale for the design of the study


definitions of special terms


hypothesis(es) and prediction(s)


Statement of purpose at the end


Citations for each fact or set of facts

Methods: HOW did you do it?

Write in the past tense as if you personally did the whole study, even if you used compiled class data or some parts of the study were done by a lab technician. If you used a method designed by someone else (for example, a lab book), cite it. You still need to include methods critical to understanding the rest of the paper and note any changes in referenced procedures. If, in your discussion section, you will discuss how a specific method influenced your results in an unexpected way, be sure to describe that method. Some vocabulary may be defined here, rather than in the introduction. Although the ultimate goal of the methods is presented in the introduction, some of the reasoning behind the methods, such as the choice of statistical tests, randomization and controls, may be included here. (Do what is recommended by your lab instructor, or what makes the most logical sense and allows the least repetition between sections of the paper.)

INCLUDE


Scientific name(s) of the research organism(s)


How the research organism(s) was/were obtained, cared for and manipulated


Specialized equipment and materials you used. Common equipment like microscopes, pipettes, pencils, etc. should not  be mentioned.


What you observed and recorded


Number of organisms used and number of replications of each treatment


How data were analyzed statistically (cite reference) and which data (specifically) were compared in the statistical test(s)


Citations of adapted/copied methods


References to any figures needed to clarify the text

DO NOT INCLUDE


A list of materials


Anything which had no influence on your results


Descriptions of routine data transformations, such as calculations of means and standard deviations

Results: WHAT did you get?

Write in the past tense. This section does more than just point the reader to figures and tables; it summarizes the data and results of statistical tests all by itself. Anything that summarizes the data you initially collected should be in the text. The objective is to be concise and clear. Usually the "initial" data need to be transformed for conciseness and clarity. Calculating and reporting descriptive statistics such as means and standard deviations or box plots make the data more concise. Other methods of data transformation involve converting the data into forms which are easily understandable and comparable. The necessity and method of data transformation depends on the kind of "initial" data collected.

Present only the results of statistical testing of the data. The procedures and details of each statistical test should be given in an appendix at the end of the paper. Generally, you will use statistical testing to determine if a significant difference or correlation exists between two sets of data. State the conclusion (result) of each statistical test in terms of whether there was or was not a significant difference or correlation between the things compared.  

Unless a table or figure is needed to show a high level of detail that would be difficult or tedious to present only as text, DO NOT USE IT. Tables or figures are used to present complex data, but they never completely replace text. The important aspects of any table or figure must be summarized in the text. Complex data include things like tables or graphs summarizing the results for large numbers of species or many parts of an experiment, graphs showing the relationship between two variables, photomicrographs and cladograms (evolutionary trees).

INCLUDE

Written summary of the data supported by a citation of each necessary table or figure as the end of the sentence pertaining to the table/figure (Figure X) 


Written result of each statistical test


"[Data A] were (not) significantly different from (OR correlated with) [data B] (alpha level)."


Put  specific descriptions in the places bracketed above.


The exact phrasing depends on the test used.


Table(s) and/or Figure(s), if necessary


A table or figure may be included on the page with text close to its reference, or tables/figures may be on separate pages.

DO NOT INCLUDE


Anything other than the facts (no interpretations, problems, reasons, etc.)


Both a table and a figure showing identical information


Details of statistical tests (HO, HA, degrees of freedom, test and tabular statistics). All of these should be in an appendix.

Discussion: THEREFORE...

Here you interpret and evaluate your results in the larger context of the field of research. Start or end with conclusion(s) that match your stated purpose(s). Address the results you expected and why you expected them (predictions), and how your observed results compared to those expected. If you got any unexpected results, propose a specific hypothesis to explain why you got them (other than "I did something incorrectly") and describe how you would test this hypothesis. Do not list everything that might have gone wrong; address only the things that you believe had a specific effect on the results. Consider future studies–did you add to the explanatory system, change part of it, or generate a new hypothesis?

INCLUDE

Summary conclusion based on your stated objective(s)–first or last


Support for your conclusion(s) from the results


Address each major result individually. Include actual numbers or cite appropriate table/figure.


Comparison to previous studies, if appropriate


Discrepancies: give a reasonable, specific explanation and a potential test


Implications of your conclusions for future studies

DO NOT INCLUDE

"Error analysis" as in chemistry or physics laboratory reports

Cited References: BIBLIOGRAPHY

Here you list all the literature references you cited in the paper. If a reference is not cited in the text, it should not be here. See pages  and 11 and 12 for the format to be used.

Appendix
An appendix may be used in some journals for necessary information that does not fit into the accepted format for a paper. You have been directed not to include the procedural details of statistical tests in your paper. Nevertheless, since your conclusions from the study may depend strongly on the results of your statistical tests, it is essential for your lab instructor to know that you performed the tests correctly, so that s/he can better evaluate your paper. Therefore, you are required to include in an appendix the procedural details of all statistical tests you performed.

INCLUDE FOR EACH TEST

The name of the test and a precise description of the data compared in the test


A table showing how the data were treated to calculate the test statistic 


A statement of HO and HA

The tabular statistic with its alpha level (and degrees of freedom, if appropriate)


Comparison of test and tabular statistics, and the conclusion (result) from the test

INSTRUCTIONS FOR AUTHORS

Manuscripts should be arranged in the following order:  title, abstract, text (introduction, methods, results, discussion), cited references, appendix. Put your name on every page. Do not use separate pages for each part. Number all pages consecutively. You may place figures/tables on pages with the text, or on separate pages inserted behind the first page of text that refers to them. The paper must be typewritten, double-spaced and have 1 inch margins. Use the present tense for established phenomena and the past tense for the methods and results being reported. Be as concise as possible, use terms precisely and use metric units.  Do not use footnotes.

Abbreviations
A term should be written out the first time it is used and its abbreviation (abbr.) established in parentheses; thereafter the abbr. may be used. Terms specific to a particular field of study should be either defined or avoided.

Scientific Names
Use the formal scientific name of the research organism(s) (Genus species) at least once in the Title, Abstract, Introduction and Methods. Italic type is preferred, but underlined normal type is acceptable for scientific names. After using the formal name at least once in these sections, the abbreviated name (G. species) or the common name may be used. Do not refer to a species only by its generic name (for example, Sordaria).

Tables and Figures

Tables and figures are used to present concisely a large amount of information which cannot be easily or clearly presented in the text. They are numbered with arabic numerals in the order in which the text refers to them. Tables are numbered independently from figures (for example, the first table mentioned is Table 1; the first figure mentioned is Figure 1). Each table requires a title and each figure requires a caption which includes a title and any additional information necessary to understand the data presented. A good table or figure is complete and interpretable by itself (that is, the reader can understand it without extensive reference to the text); therefore, any labels, special notation or abbreviations must be defined in the caption or in the table/figure itself.


Do not use the same data in both a table and a figure.


All types of graphs and diagrams are regarded as figures, and should be treated as such.

DIRECTIONS FOR CONSTRUCTION

TABLES


Identification. Each table requires a number (arabic numeral) and title located above the table.  


The title should briefly state exactly what data are presented.


Any other information required to understand the table and not readily available in the accompanying text should be in a footnote directly below the table.


Items. Do not leave blank spaces in a table. If an observation has a zero associated with it, include the zero. If an observation is missing, put a dash (-) in the appropriate space.


Units. Measurement data (for example, length, weight) must be in metric units.

FIGURES


Identification. Each figure requires a caption located below the figure. The caption should include:


the word “Figure” followed by an arabic numeral.


a title which briefly states precisely the content of the figure


explanations of any symbols used (Brief explanations of symbols may be placed directly on the figure.)


any other information required to understand the figure


Graph Axes. Construct graphs that show the relationship between two variables in this way:


Use the horizontal axis (abscissa) for the independent variable and the vertical axis (ordinate) for the dependent variable. 


Label each axis to indicate the variable and its units.

Reference Citations

When you use information in your study or paper which is not the product of your own research, you must give credit to the source in the form of a citation. Citations are required for any statement of an unobvious fact, methods designed by someone else and statistical tests. Sources of information are cited in the text of the paper where the information is mentioned and in the Cited References section.


Be sure that all references in the text are present in the Literature Cited and vice versa.

CITATIONS IN THE TEXT

Use the "name and year system" in which the last name(s) of the author(s) and the year of publication are given. The year of publication and sometimes the name(s) of the author(s) are in parentheses. See examples below.


For one or two authors, give both last names and year.


For three or more authors, give the first author's last name plus “and others” and year.

Examples:
(1)
The red wavelengths of light have been shown to be important in photosynthesis (Smith 1953).


(2)
Smith (1953) has shown the red wavelengths of light to be important in photosynthesis. 


(3)
The egg-laying rate of soil invertebrates is greatly affected by soil temperature (Green and others 1968). 

If more than one paper by the same author(s) in the same year are cited, assign them letters. (Jones 1960a), (Jones 1960b).

If more than one reference is cited in one sentence, list them in chronological order separated by semicolons. (Jones and Smith 1960; Jones 1961a,b; Doe and others 1975)

To cite information from a paper you did not read, but saw cited in another reference, use the following form: Smith and Brown (1978; cited in Thomas and others 1992). Include only the reference you read in the Literature Cited section.

CITATIONS IN THE CITED REFERENCES SECTION

Include only references that have been cited in the paper and you have read. List the references in alphabetical order of the last names of the first author of each work. If you have more than one reference with the same first author and publication date, list them in the order a, b, c, corresponding to your citations in the text. Below are instructions for writing and examples of the types of references that you are most likely to use. Give special attention to the punctuation used in the examples.

General Form for All References. All authors of the work must be listed. The last name of each au​thor precedes the initials of that author (do not use full first and middle names). Names of authors are separated by commas, and a period follows the last author listed.

Example: Smith JE, Taylor B, Jones EA.

The publication date immediately follows the name(s) of the author(s) and is followed by a period.

The information which follows the publication date depends upon whether the reference is an entire book, a part of a book, or a journal article.

Books. The first letter of the first word and the first letter of each proper noun are capitalized in book titles.  The address of the publisher and the publisher's name follow the title. If specific pages are not referred to, the total number of pages in the book are given after the publisher’s name.

Examples:
Jensen WA, Salisbury FB. 1972. Botany: an ecological approach. Belmont, CA: Wadsworth Publishing Co. 758 p.

If a second or subsequent edition of a book was used, the number of the edition (abbreviated) follows the book title.

Example:
Campbell NA, Reece JB. 2002. Biology 6th ed. San Francisco, CA: Benjamin/Cummings. 1247 p.

NOTE:
If your reference is to a specific part of the book by Campbell and Reece (such as a chapter, one or more pages, a table or an illustration) you should give the pages on which that part occurs, instead of the total number of pages, after the publisher’s name.

Paper or Chapter in a Book by Various Authors.
Example:
Kowal NE. 1971. A rationale for making dynamic ecological systems. In: Jordan EO, Falk IS, editors. Systems ecology. New York: Academic Press. p. 123-193.

In this case Jordan and Falk are the editors of the book.  Notice that the pages on which the paper or chapter occurs are preceded by a “p”.

NOTE:
Each chapter study and appendix in this laboratory text should be cited as a chapter in a book by various authors.

Example:
Glase JC. 2002. Enzymes: testing a model. In: Glase JC, Ecklund PR, editors. Investigative biology. Ithaca, NY: BioG 103-104, Cornell University; p. 53-70.

Journal Articles. The first letter of the first word and the first letter of each proper noun are capitalized in the titles of journal articles. The title of the article is followed by the name of the journal. Although an abbreviated journal name is used in many cases, you should give the full name of the journal. The first letter of each noun in the journal’s name is capitalized. The name of the journal is followed by the volume number, a colon, and the page numbers on which the article occurs. An issue number within a volume is shown in parentheses only when it is paged independently (see third example).

Examples:
Evans LS, Ting IP. 1973. Ozone-induced membrane permeability changes. American Journal of Botany 60:155-162.


Croll NA. 1976. When Caenorhabditis elegans (Nematoda: Rhabditidae) bumps into a bead. Canadian Journal of Zoology 54:566-570.

Note in the second example that the scientific binomial (genus and species) of the research or​ganism in the article title is italicized.

Example:
Strobel GA. 1975. A mechanism of disease resistance in plants. Scientific American 232(1):80-88.

This article is in the first issue of volume 232. Since each issue of Scientific American is indepen​dently paged (begins with page 1), the issue number must be given so the reader knows which of the six issues of volume 232 contains the article.

