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 Guides for Scientific Writing


Papers for this course will be done in scientific writing style, which is the way most scientific work is published.  This is the style used in professional journals; however, it varies somewhat according to the publication.  This format has been developed to make all parts of scientific studies (e.g., hypotheses, background and pertinent literature, methods, implications of results) readily accessible to the reader.  Thus using the appropriate format is a very important part of scientific writing.  Arbitrary modifications of the format by "creative" writers can only confuse readers and lessen the clarity and impact of the results.  The best way to learn this type of writing is to read papers in journals and to practice writing.  Here are some guides to the general format of scientific writing (all sections should be labeled except 'Title' and 'Introduction'):

1) Title  


Choose a title that reflects the major conclusion of the paper.  It is usually less than ten words. Compare these two example titles:

"Response of Patients to Different Doses of Ice Cream"

"Frequent Administration of Ice Cream Boosts Patients' Morale"

The second one tells the reader much more about the findings of the study than does the first, which is a bland, non-committal statement that tells your reader little other than the subject matter of the report. 








2)  Abstract  
The abstract is a very brief summary of 1) what you did, including a statement of the hypothesis tested, 2) how you did it, i.e. the general methods used, 3) the specific, major findings of your study, and 4) your conclusions.  Present the information in this order.  Conclusions should include a statement about how the findings contribute to scientific theory or to the solution of applied problems in the area of study.  If species, e.g., white oak (Quercus alba) or taxa, e.g., bumblebees (Bombus spp.) are mentioned, scientific names should be given and italicized.  Readers should be able to use the abstract to find quickly what is in the paper before deciding to read the entire thing.  No information should be given in the abstract that was not given in the rest of paper.  The abstract should be written in the past tense and is generally written last.

3)  Introduction  

This introduces the reader to the subject and entices her to continue reading.  A captivating first sentence might pose a general question or identify a controversy.  WHY are you doing this study?  The introduction should include any background information needed by the reader to understand the hypothesis posed and the purposes and procedures of the study.  Examples of background information: important concepts pertinent to your study, relevant information about species you are studying, and a review of the literature as needed to justify your study, that is, you are presenting what is known so that it is clear how your study will add to what is scientific knowledge.  Always tell the readers why your study is important.  


Students often begin their lab reports with, “In this lab we…” or “In this experiment we…”. Avoid both of these phrases. Remember that you are writing in the style of a scientific paper, not a lab assignment.  You should describe your work as a “study” rather than an “experiment” (if you really are talking about one specific experiment within a series of experiments covered in your paper, such as in the Results section, it’s okay to use the latter phrase).

All of the information in the introduction should lead logically to the hypothesis, i.e., the hypothesis and test you propose, should seem to the reader like the next logical step for scientific research.  The introduction usually concludes with a paragraph that includes a clear, concise statement of the experimental questions, the hypothesis, its predictions, and the general approach that will be used to test the hypothesis.  Additional information about the methods to be used to test the hypothesis is found in the Methods section.  Write about your study in the past tense but about the findings of others in the present tense.

In text citations



How do you know what to cite?  Proper credit must be given to the authors of any study you   use as background information.  For our purposes, “general knowledge” can be information found in a textbook that is not referenced.  For more specific background information, proper in text citation is critical.  For our papers, we will use the (name, date) format. What does (name, date) look like in the text?  At the end of a piece of information that is not general knowledge cite the following way: one author (Beers, 2007), two authors (Beers and Kemphues, 2007) or three or more authors (Beers et al., 2007).  It is critical to give all the authors credit - most papers are written by more than one person and when you are the second or third author you want credit!  If you start a sentence with "In the study by Beers and colleagues (2007) or Beers and Kemphues (2007)…”, keep the date with the names – do not cite it at the end of the paragraph.
4)  Methods 


Here you present the experimental design and methods used to collect and analyze your data.  Present enough information so that the reader can evaluate what you did or duplicate 


your procedures. However, do not clutter your paper with unnecessary details. This section should not be a transcription of the lab manual.  Methods are always presented in the past tense.



Each experimental procedure should begin with a subheading of the procedure being performed.  Words you should not use in your materials and methods – tubes and plates – they are pieces of glass or plastic that serve as places for your reactions to take place or your cells to grow.  Talk specifically about your reactions or the cells growing on specific types of media instead. You should provide effective concentrations of reagents used, not volumes.  If you can do the math for your reader – DO SO!


How to calculate effective concentration:


The contents of all solutions, suspensions and reagents should be provided at the first mention of the solution.  The ingredients and concentrations of the stock solutions you used are found in the lab manual appendix.   To avoid ambiguity, most scientific papers provide the effective concentration of a particular reagent at the time of the reaction rather than giving volumes of various stock solutions as they are added together.  Remember that you do not usually have to provide the effective concentrations of diluents. Providing the reader with effective concentration replaces volumes and stock concentrations, so do not include both. Additionally, be careful not to write the sentence so it appears that you are describing stock concentration when you are giving effective concentration.  Some examples of how to calculate the effective concentrations of specific chemical agents are provided below.  

1.   The effective concentration of ampicillin in broth during cell growth is calculated by multiplying the stock concentration (100 mg/ml) by the dilution created when 10 µl of the stock ampicillin was added to 10 ml =10,000 µl of broth.  0.1 mg/ml AMP is the effective concentration of the concentration of ampicillin in the culture because there is 10 µl of stock ampicillin in 10,000 µl (10 ml) = 1/1000 dilution of the 100 mg/ml stock to 0.1 mg/ml. Concentrations of the components of the broth are not significantly changed by the addition of the 10 µl of ampicillin to 10,000 µl of LB, so the concentrations of the ingredients used to make the broth can be given as stock concentrations (without adjustment).

2.   If 100 µl of a solution containing 50 mM glucose, 10 mM EDTA and 25 mM Tris buffer were used to resuspend a bacterial cell pellet, the concentrations in the stock solution are not altered because the pelleted cells do not represent a measurable fluid volume. 

3.   When 200 µl of a stock solution, containing 0.2 M NaOH and 1% SDS, are added to 100 µl of suspended cells, the total volume is now 300 µl. The diluted solution contains 0.132 M NaOH and 0.66% SDS as the effective concentrations of alkali available to denature the DNA and to dissolve lipids and proteins.  These effective concentrations were calculated by multiplying the stock concentrations by the fraction of the volume of the NaOH/SDS solution to the total reaction volume: 200 µl/300 µl = 2/3 or 0.66. 

Data Analysis: 
Include a section in the Methods on the mathematical calculations and statistical analyses you used.  Tell your reader the variables that were compared, the types of statistical tests used, and for what they were used.  What (-level (threshold significance probability) was used?  Were the data transformed in any way (by taking their logarithms, etc.)?

Example of a Methods Section for Cell Biology:

Heat-shock Assay

Using aseptic technique, yeast cells of haploid strains HSP104(WT), (hsp104, hsp104T317A , hsp104N728A, and diploid strain hsp104T317A  hsp104N728A were grown in liquid culture to a cell density  of 0.6-0.8A600nm in yeast peptone dextrose medium (YPD: 1% yeast nitrogen base [Invitrogen], 2% glucose, 2% peptone) at 30C. They were subcultured into fresh YPD and incubated for 3 hours with shaking to exponential growth phase before each was shifted to a 52C waterbath for either 0, 2, 5, or 10 minutes. At the end of the appropriate incubation time each culture was diluted 1:4000 in sterile water. A 200(l aliquot from each time period and each strain was spread on YPD solid medium (2% agar). Another 200(l aliquot of each strain at each time period was diluted in 100% glycerol 5:1 (culture to glycerol) in wells of a microtiter plate. A 5 fold serial dilution was made in 20% glycerol using the remaining wells. Each dilution was spotted onto YPD solid medium using a sterile frogger.  All yeast cultures on solid medium were incubated at 30C for 48 hours and then moved to 4C until growth was assessed. 
Example of a Partial Methods Section for Organismal Biology:

Experimental Setup:

Nine jars with 20 Tribolium castaneum per jar were prepared. Tribolium castaneum were of a mutant strain in which their exterior was black in color, rather than the wild-type red. Three jars contained 20g of whole-wheat flour (0% yeast in jar).  Another three jars contained 19g of whole-wheat flour and 1g of yeast (5% yeast in the jar).  The final three jars contained 18g of whole-wheat flour and 2g of yeast (10% yeast in the jar). All yeast and flour were measured using a digital scale and transferred into 480 ml plastic collecting jars. The jars were sealed using rubber bands and two layers of cheesecloth as the lid.  Tribolium castaneum in the jars were placed in a climate controlled chamber of 29o C, 50% humidity, and constant room lit conditions for a period of ten weeks.
Statistical Analysis
Averages and standard deviations of both the five and ten week counts were calculated and graphed as a column graph.  A one-way ANOVA and Tukey HSD test were run on both counts to compare the yeast/whole wheat combinations. The growth rates between 0-5 and 5-10 weeks were calculated and graphed as a linear plot in Excel.  Student’s t-tests were run to compare the 0-5 and 5-10 week growth rates for all yeast/whole-wheat combinations.  

5)  Results  



   The Results section should be a narrative leading your reader through your experiments to determine how the data relate to the hypothesis and each other leading to the conclusions of the paper. The Results section should NOT consist of only Figures and Tables, and the Results text should not be a list of results. It should be a story with proper transitions between paragraphs and varying sentence structure. The text of your Results section must describe the experiments you did (without excessive methodological details, which belong in the Methods section), indicate which figure(s) show the results of each experiment, and briefly state the implication of those results (without excessive interpretation, which belongs in the Discussion). A good template to use is the “Why, How, Where, What, So What?” structure, beginning each paragraph with a topic sentence about the biology you are exploring with this experiment.

Example:  “To determine whether the cheek epithelial cells contained a nucleus (WHY?), they were stained with methyl green, which binds to acidic molecules such as DNA (WHAT?). As shown in Figure 1 (WHERE?), a round, dark-staining structure was seen in each cell (WHAT?). This suggests that the cheek epithelial cells do indeed have nuclei (SO WHAT?).


Please note in the above example that Results are always written in the past tense.


Statistical Analysis 


If you run statistical tests to compare groups of data, then you should include text in the Results that describes the results of those tests and properly cite the results of your tests in text. It is important to focus on the overall trends of your data, so it might be helpful to use the “Why, How, Where, What, So What?” format to describe the general trends of your data and then include a few sentences that specifically describe the relationships between data statistically. Examples are given below for ways to describe results of statistical tests and how to properly cite them in text. 

The following sentence is an example of a clear, concise statement of a finding and the supporting statistical result of a Chi-square test.


"Significantly more honeybees visited inflorescences with petals than without petals 



(Chi-square test, X2 = 7.20, df = 1, P < 0.05, ( = 0.05)."

       Another example for citing the results of a t-test: 
“The mean number of beetles in population E was significantly higher than in population D 
(t-test, tstat = 2.87, df = 8, p = 0.02, ( = 0.05).”
Another example for citing the results of an ANOVA and Tukey test: 

“Mean population sizes in corn or white flour were not significantly different from each other but were significantly different from the mean population size in wheat flour (ANOVA, F = 22.7, df = 2, 6, p = 0.002, ( = 0.05; Tukey HSD test).”


Note in the example results above how the statistical test is presented: name of the test, test statistic, degrees of freedom (or sample sizes of the groups tested), P value, and alpha level. This form may be slightly modified for different types of tests but all four parts of this information must be given.  Tests that you may use are the t-test, the Wilcoxon test and Analysis of Variance (ANOVA).  Results for these tests are given as follows.


T-test, t = 3.21, df = 18, P < 0.05, ( = 0.05


Wilcoxon test, X2 = 1.82, df = 1, P = 0.61, ( = 0.05


ANOVA, F1,30 = 5.65, P = 0.05, ( = 0.05

Results will always include more than just the outcomes of statistical tests, because results of such tests do not indicate the direction or magnitude of difference among the treatment groups.  This information--direction and magnitude of difference among treatment groups--is the key outcome of your test.  The test statistic merely indicates the probability of a given outcome happening by chance. Useful tip: Avoid using the term “significant” in most scientific expression, unless referring to the results of a statistical test. This word has a very specific meaning in a scientific paper, as we have seen.

Tables and Figures:

The text of Results presents your findings and the data documenting those findings are given in tables and figures.  However, never present unanalyzed raw data; rather, compile it in a way that makes your findings readily interpretable by the reader.  Note that the same data are never presented in two ways, e.g., in both a table and a figure.  Choose the best single way to present the data and use that method only.  

A table is any data presented in tabular form. Each column of data should have a heading that describes completely what is in that column including the units of measurement. Some columns may need a double heading. For example, when reporting data from different species, you should specify which column of data was collected from each species.  It will also be necessary to give an additional heading over all of the species’ data columns indicating what type of data are in these columns. Enter data values so that decimal points are vertically aligned, and align and space all entries for maximum clarity.

For example:

Table 1.  Means ± SE for a test of the hypothesis that food type affects flour beetle (Tribolium castaneum) population growth in a 70-d period. ANOVA, F = 22.7, df = 2, 6, p=0.002, ( = 0.05. Tukey levels1 not sharing the same letter are significantly different.
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                                 Number of Beetles
Type of flour
Mean ± SE                Tukey Level

Corn
196 ± 13.3                             B

Wheat
385 ± 17.3                             A

White 
132 ± 42.1                             B
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1Tukey HSD test.
A graph, map, photograph, or drawing would be considered a figure. Label the axes carefully with titles and specify the units. For example:
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Figure 2  Protein calibration curve using the Biuret Assay.   A range of concentrations of Bovine Serum Albumin (BSA) were reacted with Biuret reagent (alkaline copper sulfate).  The resulting purple colored products were read in a spectrophotometer at a wavelength of 540 nm.  Absorbance data were plotted against BSA concentrations as a regression line using Microsoft Excel.
 
It should be possible to understand each figure or table without explanation in the text.  Hence table headings and figure captions must include all of the information needed to interpret the result presented.  Table headings are always found above the tabulated data; figure captions are always found below the figure.  Footnotes below a table, are used when symbols or abbreviations require explanation. Also, save discussion of your findings for the 'Discussion' section of your paper.
Make sure each table/figure is mentioned specifically in the Results text and that each result described in the text has a table/figure associated with it. Number figures and tables separately (each starting with one) and consecutively in the order to which you refer to them in the text.  

The correct way to refer to a table/figure is:


Length of activity periods was inversely proportional to temperature (Table 1).


Parents of both species fed their chicks between 09:00 and 14:00 (Fig. 1).

6)  Discussion  

 This is where you interpret your findings for your readers.  Do your results agree or disagree with previous work?  Do your results support your hypothesis? Possible reasons why they do or do not?  The best discussions will have a strong story line and will focus on one theme that complements or extends the hypothesis presented in the Introduction.  When organizing the discussion, it is best to follow the pattern of organization that you established in the 'Results,' and all groups of data presented in 'Results' should be briefly discussed, but the Results should not be repeated. In other words, tell your reader what the results mean in the context of the biological system with which you’re working. If a finding is not important enough to discuss, it should not be included in the paper.  

 You may also want to emphasize unexpected or negative results as well as your confidence in the results. Remember that the results you obtain will not always completely support your hypothesis. If your hypothesis is based on previously published data, then you will likely find some support for your hypothesis in your data. However, many experiments also yield unexpected results, and this not does mean that your data are “wrong”. In fact, unexpected data (as long as it’s not yielded by gross error) and its interpretation can make for a more robust Discussion. Always point out the importance of what you found whether the data were expected or not.  This can best be done by relating your findings to other relevant studies, including theoretical studies or applied studies (e.g., in forestry, agriculture, conservation), and be sure to cite these other studies in text. Writing a strong discussion is not necessarily dependent on showing that your results support your hypothesis, but it is more based on your ability to show why your data are viable and important relative to other studies in the field. Your findings may lead you to modify current theory, propose a new hypothesis, or suggest additional future tests.  

If you include suggestions for improving your study, always present your work in a positive way; do not denigrate your results. For example, a statement like "sample sizes were too small to draw any conclusions" causes the reader to ask why larger sample sizes were not gathered, and it makes her question your ability to think creatively; were no conclusions possible?  Conclusions are usually presented in the discussion, although they are sometimes put in a separate section called 'Conclusions'. Most discussions emphasize the “take-home’ messages of the paper in a concluding paragraph.  Summarize the principal findings, interpretations, and implications of your work showing how your hypothesis was supported (or not).
7) Literature Cited  


This is a listing of all articles cited in your paper.  It is arranged alphabetically (by the authors' last names).  This is not the same as a bibliography, which is a listing of many references on a subject, but is a listing of only those papers specifically cited in your paper.  Footnotes are not used when writing in scientific format.  

In the Literature Cited section your references would appear as below.  Reference format varies among journals; the format below is used in the journal 'Ecology.' Please note that each course and/or instructor may require a specific format that may be slightly different than the one provided in this set of guidelines. Be sure to follow the guidelines for references set by your course instructor.

References to journal articles
Barkalow, F. S., Jr., R. B. Hamilton, and R. F. Soots, Jr.  1970.  The vital statistics of an 

unexploited gray squirrel population.  Journal of Wildlife Management 34:489-500.

Waller, D. M.  1979.  Models of mast fruiting in trees.  Journal of Theoretical Biology 80:223-232.

Reference to a paper in an edited volume (e.g., where separate authors write chapters of a book)
Chesson, P. L.  1986.  Environmental variation and the coexistence of species.  Pages 240-256 

in J. Diamond and T. J. Case, editors.  Community Ecology.  Harper & Row, Publishers, New York, New York.

Reference to a book
Odum, E. P.  1971.  Fundamentals of Ecology, 3rd Ed.  W. B. Saunders & Co., Philadelphia, 

   Pennsylvania.

Lab Manual
The lab manual should not be cited as a reference.  It is only available to students in the course and therefore a reader could not verify the information.
Websites

Websites may be used as starting points for your investigation but MOST should not be used as sources to support your conclusions.  Sites like Wikipedia are good starting points but are not verified.  Please find a primary literature source to support any information from these sites.  

A few exceptions to this rule include sites like the CDC and NIH, which may be the primary source for certain information.

Personal Communications

Limit the amount of personal communications citations in your text.  These are generally used when you are using someone else’s unpublished experiments to support your conclusions.  Information given in lab lecture should not be cited as a personal communication from your lab instructor – find a primary literature source.
Miscellaneous Information 

1)  Dates - day comes first, then month, and year: 18 July 1977


2)  Time - use the military system: 08:00 is 8 A.M. and 15:00 is 3 P.M.


3)  The first time you mention the common name of a species in the text of your paper you must give the scientific name also.  After the first time, you may use either the scientific or common name.  Because the abstract is a brief report of the entire scientific paper, also give the scientific name of a species the first time you mention it in the abstract.  Thus scientific names will be given at least twice in your paper--once in the abstract and once elsewhere within the paper.  The scientific name (genus and species) is underlined or italicized and usually in parentheses such as:



gray catbird (Dumetella carolinensis)



oxeye daisy (Chrysanthemum leucanthemum)



raspberry (Rubus spp.)


Always capitalize the generic name.


4)  Numbers over ten are presented as numerals; spell the numbers ten and under.


Exceptions to this rule are:


a. When presenting measurements, you can always use numerals, e.g., 6 mm.


b. Dates, percentages, page numbers, figure and title numbers, and decimals can be given as numerals.


c. When giving a list, with some numbers included that are over ten, all can be given as numerals:



18 cardinals, 12 blue jays, and 5 crows


5)  Always use the metric system.

Writing tips


1)  Be sure to divide the text into paragraphs correctly -- don't make the paper one 



long paragraph.  Each paragraph must have a topic sentence that identifies what the paragraph is about.


2)  Be consistent with tense throughout a paragraph.  Don't switch from past to present -- stick with one or the other.


3)  Use simple declarative sentences.  Remember your goal is to convey information; you must write so that you cannot be misunderstood.


4)  Be sure that sentences are complete, with subject and verb.


5)  Eliminate redundancy.  Your tendency will be to repeat statements from the introduction or results in your discussion.  Be aware of this and avoid it.


6)  Prepositions should have objects


Wrong:  Samples were numbered to correspond with the plots they were taken from.


Right:  Samples were numbered to correspond with the plots from which they were


taken.


7)  The word 'data' is plural; 'datum' is singular.  Use the correct verb.


8)  Be sure that pronouns clearly refer to a particular noun.


"Sometimes nests were built in bushes, and they were often hard to find."


Does 'they' refer to the nests or to the bushes?


9)  Avoid anthropomorphism (giving human characteristics to non-human subjects.)


"A plant chooses to grow in a wet area."


Honey bees have a visual appreciation for color


Honey bees try to optimize costs.


Wind discouraged pollinators.


10) 'Species' is both singular and plural (a 'specie' is a coin).


11) Do not use slang or idiomatic phrases.


12) Contractions should be avoided.


13) Avoid use of qualitative and often meaningless adverbs such as almost, largely, 



very, most, strongly, greater, etc.


14) Writing concisely means eliminating all unnecessary words.  Often, 'the' is unnecessary.



Wordy: The areas without trees had a greater density of the defoliated plants.



Concise: Areas without trees had a greater density of defoliated plants.


It is very important in scientific writing to be clear and concise.  Scientific writing should not be flowery - delete all unnecessary words.  If anything is ambiguous, rewrite until it is clear.  Write not only to be understood but so that you cannot possibly be misunderstood.


There are a lot of things to remember here, especially if this style of writing is new to you.  Each time you write a paper, you should review these guides, then reread your paper critically a couple of times for clarity, conciseness, and grammatical errors.


A good source of answers for specific questions is the CBE (Council of Biology Editors) Style Manual.  Often you can answer questions just by looking at published journal articles.  Some biological journals in the Science Library are Ecology, Auk, and Journal of Mammology.

Prepared after Ellen Johnson, 10 Mar. 1978; revised, Sept. 1997; revised, June 2009
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Figure 1.  Mean ± SE population size of Tribolium beetles after 70d growth in three different flours.  Initial population size = 20, n = 3.  ANOVA, df = 2, 6, p=0.002; Tukey HSD test results are shown as letters above columns.  Means not sharing the same letter are significantly different.
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