UNM Undergraduate Biology Labs


Writing Scientific Papers

In science, one of the most basic goals is the development and application of new knowledge.  Writing reports and papers is the easiest and most effective way to share the information with the scientific community.  However, scientific papers come under great scrutiny as they are reviewed, tested, and retested time and time again.  These published papers act as persuasion vessels in an attempt to validate the researcher’s data and interpretations.  If the paper withstands the critiquing, in time the results may become accepted as scientific fact.   

Learning to write a good scientific paper or lab report is a skill requiring much practice.  One must understand the experiment, concepts and why it is being performed, be able to collect and record data, and interpret the results and develop logical conclusions based on the findings.  Last but not least it is important to be able to write clearly and concisely to convey ideas and persuade an audience.   All scientific papers follow the same general structure:

1.
Title

2.
Introduction


a.
Hypothesis


b.
Predicted Results

3.
Materials and Methods

4.
Observed Results

5.
Discussion


a.
Conclusions


b.
Implications

6.
Literature Cited

Title
Keep titles under 10 words long.  The title should be to-the-point, but descriptive, letting the reader know exactly what the paper is about.   

Introduction

The introduction sets the stage for the rest of the paper.  This is where the hypothesis and purpose for the experiment is presented.  It is important to include and cite any form of background information relevant to understanding the experiment.  Researchers also often include their own predictions in this section.  A strong introduction answers (but is not limited to) several important questions:

1.
Why was this study performed?



- Usually this stems from a previous experiment or some observation of nature.

2.
What is the hypothesis?



- A hypothesis is a general, testable statement about a phenomenon or behavior.  


- Ex.
Question: Why are mature chiles red?




Hypothesis:  Mature chiles are red to attract birds.


3.
What information already exists on this topic?



- Ex. 
The hypothesis was developed out of the knowledge that many 





other plants produce bright red colored fruits with seeds that birds are 




attracted to and eat, thus allowing for dispersal of the seeds.

4.
What is the experimental design?




- Ex.
Birds were allowed to select between red and green mature chiles.

5.
What are the predicted results?


- A prediction is what one expects to see when the experiment is performed if the 


  hypothesis is correct.



- Ex.
It was predicted that the birds would select the red chiles over the 




green chiles. 

Materials and Methods
In this section, all materials used and methods followed throughout the experiment are reported.  This allows the reader to visualize the set up of the experiment and duplicate the experiment, should they wish.  However, it is easy to overpower the reader with too much detail.  Keep in mind what information is important to the results obtained and for reproducing the experiment.  This includes details such as concentrations, temperatures, measurements, units, timing, calculations, etc.  Irrelevant details like “A wax pencil was used to label the test tube,” can be left out!! When following a procedure from a lab manual or published paper, simply describe how you conducted your experiments (there should be enough detail such that the reader could easily duplicate your experiments – no lists!).  However, it is still necessary to describe, in detail, any changes to the procedure or special equipment used.  
Materials and Methods usually answer the following questions:


1.
What materials were used?


2.
How were they used?


3.
When and where was the experiment performed and data collected?


    
- Most important in field studies
Results

“A picture is worth a thousand words.”  The results section of a scientific paper is for reporting the data collected without discussing any conclusions.  Data should be organized into tables, figures, graphs, photos, etc (Do not put the same info in both a table and a graph).  Emphasize key points or unusual trends with an objectively written summary.  In many cases, the actual figures and graphs are included at the end of the paper, after the Literature Cited section.  Each figure or graph has its own separate page and is introduced in the results summary.  All figures and graphs must be properly labeled.  This includes titles, legends (if necessary), axis and column labels, units and numbered figure headings.  Figure headings appear at the top of tables and the bottom of figures, graphs and photos.

Ex.
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Figure 1: Natural Selection in Moths


When referring to a graph or figure in the text, refer to the figure number.  

Ex.
Figure 1 shows a normal distribution of the original population.  However after  



selection occurred, the remaining population appeared to begin to separate into 



2 potentially different populations based on color.  

Or


Ex.
The original population shows a normal distribution before selection occurred (Figure 1).

Figures should be able to stand alone, allowing the reader to understand your results without having to dig through your paper.  
Discussion
Discussion sections are two fold: 1) conclusions and 2) implications.  The conclusion portion restates the primary goal of the research, the hypothesis and whether the data and results collected support or reject that hypothesis.  This is the primary argument for a scientific paper to convince readers of the experiment’s validity.  Remember scientists never claim that a hypothesis is true, correct or proven; it is only supported or rejected.  Make sure to interpret the data collected and try and relate the findings to existing scientific knowledge.  The second part of the discussion section helps to take the findings of the experiment to the next level.  Speculation and suggestions for improvement or further studies are appropriate here.  This is also the only spot in the paper where personal opinion is acceptable.  A strong discussion answers (but is not limited to) several important questions:


1.
Did the experiment support or reject the hypothesis?

Why?

How?




If rejected, was there some sort of error or bias that affected the outcome?


2.
What analyzed evidence produced that conclusion?

3.
What is the significance of those conclusions?




How does this experiment apply to the “bigger picture?”


4.
What improvements could be made in the future?

5.
What other experiments could be developed from these results?


6.
What is your opinion about the outcome of the experiment and what are your 



thoughts about the implications of the experiment?

Literature Cited

This section is two fold: 1) reference cites within the paper and 2) a list at the end of the paper of all reference materials cited in the paper.  
Cites within the paper

Any information that was gathered from a secondary source (a published article, a university lecture class, the internet, etc.), MUST be cited both in the paper and at the end.  When a reference is cited in the paper it is appropriate to list the primary author’s last name and the publication year in parenthesis after the SUMMARIZED referenced information.  Scientific writing does not favor quoted information.  The researcher must BOTH restate the referenced material in their OWN words and cite the reference.
Ex.
The snow leopard is a difficult animal to study because of its camouflage coloring and loner mentality.  In an attempt to track, photograph, and research these elusive phantoms of the animal kingdom, a team of wildlife biologists traveled to the Himalayas in Tibet, one of the few remaining habitats of the snow leopard (Jackson and Hillard, 1986). 

**If the reference only has one author:  
(Wexler, 1994)


**If the reference has two authors:
(Jackson and Hillard, 1986)


**If the reference has multiple authors:
(Jongmans et al., 1997)
Cites at the end of the paper

In the end list, all information is given about the referenced material so that a reader can refer back to the secondary sources if they are interested in learning more about that topic.  Keep in mind that every journal requires a different format.  A good format that includes all the necessary information is shown in the following examples:
Articles:

One Author (author format can be used for book, chapter or website as well)
Wexler, M.  1994.  The art of growing giants.  National Wildlife.  Vol 32, No. 6: 20-26.
Two Authors (author format can be used for book, chapter or website as well)
Jackson, R. and Hillard, D.  1986.  Tracking the elusive snow leopard.  National Geographic.  Vol 169, No. 6: 793-809.

Multiple Authors (author format can be used for book, chapter or website as well)
Jongmans, A.G., van Breemen, N., Lundstrom, U., van Hees, P.A.W., Finlay, R.D., Srinivasan, M., Unestam, T., Giesler, R., Melkerud, P-A., and Olsson, M.  1997.  Rock-eating fungi.  Nature.  Vol 389, No. 6652: 682.
Books:

Bird, W.Z. 1990.  Ecological aspects of fox reproduction.  Berlin: Guttenberg Press.

Book Chapters:

Campbell, N.A and Reece, J.B.  2002.  The darwinian revolution.  In Biology 6th Ed, ed. B. Wilbur, pp. 432-444.  San Francisco: Benjamin Cummings.

Websites:
Council-Garcia, C.L.  2003.  Biology 122 Laboratory Syllabus, Room 109.  Retrieved June 12, 2003 from <http://www.unm.edu/~ccouncil/>.


**If you have found a reference on the web that is a journal article, newspaper article, book, etc., this CAN NOT be used as a website cite, because a published hardcopy exists.  You must find all the information about the actual, hardcopy reference and then cite it as a book or journal article.**

General Style Comments

1.
All scientific names (genus and species) must be italicized.  (Underlining indicates italics in a typed paper.)

2.
When taking and recording measurements, make sure to use the metric system and do not forget to include the units.

3.
Be sure to divide paragraphs correctly and to use beginning and ending sentences that relate to the purpose of that paragraph.  A paper should never be one long paragraph.
4.
Every sentence must have a subject and a verb.  SO PROOFREAD, PROOFREAD, PROOFREAD!!

5.
Scientific writing is often written in third person; avoid using the pronouns, I and we. 

6.
Avoid slang, the use of contractions, and quotations, but do try to incorporate vocabulary relevant to the subject.

7.
Be wary of switching verb tense in a paper from present to past.  Try to keep the entire paper in the past tense; after all you already conducted the experiment.

8.
Make sure to label the sections correctly (Introduction, Materials and Methods, Results, Discussion, Literature Cited)

9.
PROOFREAD your paper multiple times – it helps to have a friend proofread it as well.

10.
Remember, this is a FORMAL paper.  DO NOT include comments like “I did not like…,             I learned a lot…,” etc.  They are inappropriate and irrelevant.

