Guidelines for Lab Reports

By Dr. Jeffrey A. Simmons

[based on Preparation of Manuscripts by the Ecological Society of America,

(http://esapubs.org/esapubs/preparation.htm)]

Writing lab reports is not just another assignment. It is something that all science majors should be able to do well.  If you go on to a health profession you will definitely be asked to write reports of this nature. If you go on to a career it is very likely that you will be required to do scientific writing of some sort.

Organization

Cover Page

The cover page should include a descriptive title of no more than 20 words. The title should be in a larger font than the rest of the information. Also include the name(s) of the author(s), the date, the course name, and the University’s name. 

Introduction

The Introduction serves two purposes: it provides background information so the reader can put the study in context and it lists the objectives and hypotheses of the study. Keep the reader in mind as you supply background information. What will they need to know in order to understand the rest of the report? This will require that you do some library research to find relevant articles that you can cite. Here are some questions to address. 

· Why is this area of study important?

· What research has been done previously? 

· What do we know and what don’t we know about the topic?

Next you should start to explain what your study is about.

· What is the overall question you are trying to answer with your experiment?

· What are your hypotheses?

Your hypotheses must be clearly and fully stated in the Introduction section. In many cases you will want to provide a brief (1 or 2 sentence) description of your experiment so that the hypotheses will make more sense. 

Methods

Your Methods section should include all the information necessary for someone to be able to repeat your experiment. You should include all the details of the experimental design like number of replicates, the treatments, how you controlled confounding variables, what instruments and reagents you used, and what the experimental conditions were. Be sure to address ALL of the following.

· If it is a field study, a description of the field locations and any relevant environmental factors (time of year, time of day, weather conditions, elevation, slope, vegetation type, soil type, temperature, etc.).

· If live organisms are involved, include their common and scientific names and the sources from which they were obtained.

· An explanation of the experimental design. What are the dependent and independent variables? What other variables will be held constant or accounted for? How many replicates? Are there controls or blanks?

· A description of the procedures/steps that will be used.

· How data will be recorded and what calculations will be made.

· A list of the statistical analyses that you will use (if any).

Do not include a list of materials. If a procedure you will be using is commonly known (like measuring pH or temperature) or if there is a written Standard Operating Procedure for it, you may just name or cite that procedure instead of describing it step-by-step.  

Results

In the Results section you present and describe your experimental and statistical results, but without interpretation. The section will include at least one table or figure, but should always begin with text. In the text describe the data in each of your tables and figures (it seems a little a redundant, but some readers comprehend better by reading and others by graphical presentation. Also some tables and figures are complicated and need explanation). For example, you could list the minimum and maximum values, compare the means from lowest to highest, or describe any trends. 

Do not present or describe raw data, only summary data (like means, standard deviations, regressions, correlations, p-values, etc.). Statistical results, if any, should be presented in this section and should include p-values or other rejection criteria. State whether you accept or reject your null hypotheses and why (but resist the urge to explain or interpret; save that for the next section).

Discussion

In the Discussion Section your goal is to interpret your experimental findings and to demonstrate how your experiment fits into the body of literature relating to this topic. Most of the following questions should be addressed:

· Based on your results what is the answer to the overall question that you posed in the Introduction?

· What are the underlying reasons/explanations/causes of your experimental findings? You should try to refer to outside sources for explanations. If you cannot find any, then it is OK to try to reason it out or speculate.

· How do your results compare to results from similar published studies? If your results are very different, can you explain why?

· Were there any complications or problems with your experiment or with the results? If so, try to explain what went wrong and how it could be corrected next time (The oft cited “human error” is too vague, be more specific than that).

· What are the potential sources of variability in the experiment?

The end of the Discussion section should include some closing remarks or conclusions. There are many ways to do this. Here are some examples:

· Look at the big picture. Discuss what your findings mean for a real population or ecosystem in Nature (e.g., if grasshoppers were more active at warmer temperatures than at colder temperatures in the lab, then you might predict that in Nature grasshoppers will be more active on warm sunny days and less active on cooler days, at night or in fall and winter).

· End with a Conclusion paragraph in which you summarize your experiment in one or two sentences.

· Look to the future. What would be the next logical experiment to perform? How could your experiment be refined or improved to get better results?

Literature Cited

The Literature Cited section should include an alphabetical listing of ALL of the sources that you cited and ONLY the sources that you cited in your report. You must adhere to the proper format for listing your references (see the Citations Section below). 

Tables and Figures

	Table 1. Mean concentration of nitrate in stream water at two locations along St. Mary’s Run on 26 June 2007.  Each mean value is the average of three replicate samples.

	
	Mean Conc. 

(mg L-1)
	Standard 

Deviation
	p-Value*

	Station 6
	1.21
	0.42
	0.02

	Station 9
	8.43
	1.17
	



* Student’s t-Test; alpha = 0.05.

A. Making a Table

· Notice the table has only three horizontal lines and no vertical lines.

· The table header begins with "Table 1. . . " and is long enough to thoroughly describe the table's contents.  The reader should be able to figure out what experiment you did just by reading the header. The header belongs in the top row of the table, never beneath it. 
· Units for all values in the table should be clearly shown (Is it meters, liters, %, or something else?)

· All numbers in a column are aligned by their decimal points.

· Footnotes can be added by using superscript letters or symbols (like a, b, *).
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Figure 1. Rate of photosynthesis by phytoplankton in Lake 

Heritage, Gettysburg, PA in 2006. Rates were measured using 

in situBOD bottles hanging at 0, 1, 1.5, 2, 2.5 and 4 meters 

depth. Each point represents the mean of four replicates 

measurements.
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B. Making a Graph

· If more than one line or curve is drawn on a graph, then each line must have a different symbol or color. With multiple lines a legend or key must be included.

· Label each axis and be sure to include the units of measure.

· The figure caption goes below the graph and must be long enough to thoroughly describe the graph.  A reader should be able to figure out what your experiment was just by reading the caption.

· Don’t put a title above the graph.

· Make sure all components of the figure are large enough to read.

Format

· The entire paper must be double-spaced (except for tables and figure captions). Use 1” margins on all sides and 10 -12 size fonts. The font should be uniform throughout. 

· All pages (except the cover page) must have page numbers.

· Italicize the scientific names of organisms (e.g., Canis domesticus).

· Avoid using footnotes or endnotes. See the Citations section for the proper format of citing references.

· Insert tables and figures into the body of the paper. Each one should be located just after the first reference to it, generally on the same page or on the following page. Tables and figures should be inserted between paragraphs and usually look best at the top or bottom of a page rather than in the middle.

· Most scientific papers are written in the third person (“Samples were collected daily…”) but the first person is also acceptable (“I collected samples daily…”). 

· Because the experiment you are writing about took place in the past, most of the paper should be written in the past tense. Some or all of the Introduction and Discussion may be written in the present tense to note that some concepts or ideas are still currently valid (“Plants contain chlorophyll,” makes more sense than “Plants contained chlorophyll”). The Methods and Results section must be in the past tense.

· Always include units when numerical values are given, especially in Tables and Figures. Use S.I. units throughout.

· When writing decimal numbers, always include a zero before the decimal point (“0.03” rather than “.03”).

Citations

A. Citing Sources in the Text

You can cite a reference in two ways.  One is as a parenthetical phrase at the end of a sentence, for example:


Leaf litter is a major source of nutrients for forest plants (Carpenter et al., 1993).

A second method is to use the authors' names as the subject or object in a sentence:

Carpenter and colleagues (1983) reported that leaf litter is a major source of nutrients for forest plants.

If there is one author, use his name and the year:   (Blair, 1998) 

If there are two authors, use both names and the year:  (Chin and Jackson, 1992) 

If there are three or more authors, use the first author's name and "et al." which stands for “et alia” and means "and others":



(Adler et al., 1993)

Lectures, personal conversations, and email are considered “personal communication.”  These are cited in the text as such, but never listed in the “Literature Cited” section: 


(Simmons, pers. comm.)

If you are citing more than one source at the same time, list them in chronological order. If any are from the same year, list those in alphabetical order: 


(Chin and Jackson, 1992; Adler et al., 1993; Carpenter et al. 1993;  Blair, 1998)

B. Listing Sources in the "Literature Cited" Section

Include every source of information you cited in the body of your paper but no others.  List should be alphabetized by the first author’s last name.  If you have two articles by the same author or set of authors, list them by year, with the oldest reference first.  If you have two or more articles written in the same year by the same author or set of authors, try to determine which was published first and list this with an “a” following the year (e.g. “Smith, J.  1998a”).  The next article would be listed as “Smith, J.  1998b.”  

The examples below show the proper format for journal articles, books, chapters from a compendium, internet sites and government reports. Follow the formatting EXACTLY down to punctuation. Note that if you access a journal article online, it is considered a journal article, not an internet site, so format it as such but just add “[online]” at the end (note the 6th example).

Adler, R.W., J.C. Landman, and D.M. Cameron. 1993. The Clean Water Act 20 years later. 2nd  ed.  Island Press, Washington, D.C. 388 pp.

Blair, J.  1988. Nitrogen, sulfur and phosphorus dynamics in decomposing deciduous leaf litter in the southern Appalachians.  Soil Biology and Biochemistry  20(5):693-701.

Carpenter, J., W.E. Odum, and A. Mills. 1983. Leaf litter decomposition in a reservoir affected by acid mine drainage.  Oikos 41:165-172.

Chin, H.L., and M.L. Jackson. 1982.  Dissolution for total elemental analysis.  In:  A.L. Page, R.H. Miller and D.R. Keeney (eds.),  Methods of soil analysis:  Part 2 - Chemical and microbiological properties, pp. 1-12.  American Society of Agronomy, Inc., Madison, WI. 

Guasch, H., M. Paulsson and S. Sabater. 2002a. Effect of copper on algal communities from oligotrophic calcareous streams. Journal of Phycology 38:241-248.

Guasch, H., M. Paulsson and S. Sabater. 2002b. Contrasting effects of organic and inorganic toxicants on freshwater periphyton. Aquatic Toxicology 64:165-175. [online]

Harrison, K.H. 1998. Community structure of algal populations. 


<www.esu.edu/research/harrison.html>  Accessed 7/9/07.

U.S.E.P.A. 1994. National water quality inventory. U.S. Environmental Protection Agency. Washington, D.C., pp. 21-35. (EPA841-R-95-005).

Summary:  List all of the authors using first and middle initials and spelling out the last name. Put them in the order they appear in the paper. Only the first word of the article or chapter title is capitalized. The journal or book name is italicized and again only the first word of the title is capitalized. If the title of the article contains a species or genus name, use the usual format (including italics) for naming organisms (e.g. Apis mellifera).  Names of higher taxonomic categories are capitalized (but not italicized), even within article titles (e.g. Hymenoptera).  Other proper names (e.g. names of countries or people) are also capitalized if they occur in the title.  

Before you cite an internet source, be sure you know the author of the page (otherwise it is not a reliable source!). Some authors put their name at the very bottom of the page with the copyright notice.  If authorship is not noted on a particular page, check to see if the page is part of a larger website (e.g. a course-related website).  If so, list the name of the website creator (or course instructor) as the author.  Similarly, if there is no authorship noted for a page sponsored by an organization (for example, a government agency or nonprofit organization), list the sponsoring agency as the author.  
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Figure 1. Rate of photosynthesis by phytoplankton in Lake 

Heritage, Gettysburg, PA in 2006. Rates were measured using 

in situBOD bottles hanging at 0, 1, 1.5, 2, 2.5 and 4 meters 
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Figure 1. Rate of photosynthesis by phytoplankton in Lake Heritage, Gettysburg, PA in 2006. Rates were measured using in situ BOD bottles hanging at 0, 1, 1.5, 2, 2.5 and 4 meters depth. Each point represents the mean of four replicates measurements.
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Figure 1. Dissolved oxygen concentration at 6 depths in Stonecoal Lake, WV in July and October, 1997.




