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LABORATORY REPORT INSTRUCTIONS AND GUIDELINES
I) Content and Organization:
Lab reports should be organized into four main sections (Introduction, Materials and Methods, Results, and Discussion) as is typical for the publication of scientific data.  Each section should be clearly labeled using a consistent font style and heading placement.  The production of tables and/or figures, and simple descriptive statistics; i.e., means, standard errors, etc., summarizing the data is expected.  In addition, depending upon the experiment, formal statistical analyses may be required, with detailed instructions being provided at the time of experimentation. The lab reports should be typed (1.5 line spacing) with 4-6 pages of text on average. 

Title Page:  Include your name, the date, course number, and an experiment title, all on separate lines and centered.

Introduction:  The Introduction is typically short, but serves several important functions.  For starters, the introduction is used to provide background information related to the research topic.  Generally, only one to two paragraphs are sufficient, with an emphasis on the clarification of terms or concepts related to the research, especially those included to in the title, that may be unfamiliar to a reader. The Introduction is also routinely used to emphasize the importance of the research; e.g., What larger problems does the research address?, What are the potential applications?, etc. 

The Introduction should also include a formal statement of the research objectives and experimental hypotheses (if applicable).  It is also helpful to indicate the basis for the hypotheses and outline the experimental approaches that will be used to test the hypotheses.  In addition, you are also strongly encouraged to develop a series of predictions based on the hypothesis, as these will facilitate data interpretation and writing of the lab report.  These predictions should be formulated prior to the initiation of the research.   A sample objectives and hypothesis statement and is provided below:  

The objective of this research was to test for correlations between pulp mill effluent levels on otter population dynamics in the Coldwater River.  Based on recent fish census data collected by the DNR, showing declines in the abundance of several fish species that are known to form a staple portion of the river otter diet, it was hypothesized that effluent from the pulp mill has adversely affected otter populations in the river.  The capture and release technique of Miller et al. (1985) was used to estimate river otter populations.  If the hypothesis is true negative correlations would be expected between mean annual effluent levels and river otter populations the following year.
Materials and Methods:  Careful documentation of experimental conditions is essential for the critical analysis of scientific data.  Provide detailed information on the plant materials employed (species and cultivar, origin, age, growth conditions, etc., with the scientific names of the plants being indicated with italicized font, per taxonomic convention) and the experimental treatments, including controls.  Summarize the research techniques employed, in chronological order, the experimental time course (when started/finished), and the culture conditions, if applicable.  For factors that would be expected to have significant effects on the biological response observed but were not included as a formal part of the experimental design, such as the types of tissue samples or solvents employed, be sure to indicate which selections were made and why.  In addition, for components of the experimental protocol considered crucial for the success of the procedure you may want to indicate the rationale, e.g., the tubes were capped immediately after solvent addition to limit oxygen introduction prior to formation of the reaction complex, etc.  Indicate what data were collected (dependent variables), how the data was summarized, and the types statistical analyses performed.  The level of detail should be sufficient for other researchers in the same field to repeat the experiment.  In addition, organization into subsections is encouraged; e.g., ‘Plant Material’, ‘Experimental Design’, ‘Experimental Procedures’, ‘Data Collection’, ‘Data Analysis’, etc.  Headings should be provided for each subsection; however, the positioning and font of the headings should differ from that of the major headings in the lab report; Introduction, Methods, etc.
The entire ‘Materials and Methods’ section should be written in paragraph form.  In addition, tradition dictates that the use of past tense and an avoidance of personal pronouns, since it is understood that “you” did the work.  The use of second person pronouns has also generally been discouraged (i.e., the instructor did this, the students did that, etc.), since the use of pronouns, of any sort, has been interpreted to imply that the experimentation is not reproducible without the original researchers present.  Instead, the materials and methods section has typically been written in passive voice.  For example, “the leaves were cut into 1 cm square sections”, “the solution was heated to 65 ºC”, etc.  
With time the use of personal pronouns is become more acceptable in scientific writing, partly as a result of the awkwardness of writing and reading in the passive voice.  Still for the purposes of this assignment I would prefer that you limit the use of personal pronouns to portions of the lab report dealing with data interpretation and strategy, with all, or nearly all, of the experimental protocol being written in passive voice.
Results:  The data should be summarized in tabular and/or figure form (i.e., graphs, photos, diagrams, etc.), with the text being secondary in importance to the tables and figures.  The text should draw the reader’s attention to the most important patterns in the data with reference to the specific tables or figures showing the data.  Tables and figures can be referenced in the body of a sentence or in parentheses at the end of a sentence, i.e., “The best height growth was observed for the 25 µM auxin treatment (Fig. 1)”.   In general, treatment differences are emphasized only when they are statistically significant, as tested via formal statistical analyses; however, a lack of statistical significance does not always indicate a lack of biological significance, especially for experiments with limited replication and large amounts of data variability.  The responses of the experimental controls are also typically highlighted, to demonstrate that the treatment effects were due to the specific experimental variable being tested.
For a typical lab report, the text of the ‘Results’ section should be only one to few paragraphs long.  However, the text should be able to stand alone from the tables and figures and a well-prepared text section will greatly facilitate a reader’s assimilation of the data.  The text should be written in past tense, as is typical for the ‘Materials and Methods’ section.  Interpretation of the data is reserved for the discussion section (see below).  Instructions for the creation of tables and figures are provided separately (See Section II below, ‘Preparation of Tables and Figures’)
Discussion:  The discussion section provides a summary of the principal research findings together with an explanation or interpretation.  Questions that are typically addressed in the Discussion section include whether results were expected and whether they support the research hypothesis?  Be sure to explain the logic that allows you to accept or reject the hypothesis.  If the hypothesis is rejected, how can the data patterns be explained?  Were errors made during the setup of the experiments or are other explanations possibly?  In such instances it is typical to suggest future experiments that could be used to resolve anomalous or ambiguous data.  
II) Preparation of Tables and Figures:  
Tables and figures are used to present data in a condensed form that facilitates treatment comparison.  In addition, graphing facilitates the identification of data trends that may not be readily apparent based on the examination of tabular data alone.  The decision of whether to present a data as a table or figure, or in text, generally boils down to a matter of quantity.  If the data could be communicated in one to few sentences, the preparation of separate tables or figures is unnecessary.  In addition, presentation of the same data across multiple tables or figures is wasteful and is unacceptable. 

The tables and figures should be numbered separately and successively based on the order of data presentation (Fig. 1, Fig. 2, etc).  Each should also be provided with a descriptive title.  In general the titles used for tables and figures are phrases rather than a full sentence.  The first word of the title is typically capitalized, but periods are not necessary unless a legend follows (see below).  By convention, table titles are placed above and figure titles below the table or figure in question.  Tables and figures may be incorporated (embedded) into the text of the results section or printed separately and attached at the end of the lab report, with the former being preferred.  Embedded tables should be inserted as soon as possible after their first reference in text, but should not wrap between pages. All tables and figures must be    referenced in the text of the results section.  
Several conventions apply to organization and formatting of scientific tables and figures.  In general, tables are prepared with the rows being used for the independent (treatment) variables and the columns being used for the dependent (response) variables to facilitate a vertical reading of the data (see Section III, ‘Sample Tables and Figures’).  For graphs, the independent variable is assigned to the horizontal (x) axis and the dependent variable is plotted on the ‘y’ axis.  In both cases; i.e., for both tables and figures, the treatments and variables should be clearly labeled with the units of measurement indicated.  In addition, if data averages are presented, error bars and/or confidence intervals must also be included to provide a measure of the degree of data variability underlying the averages.
The data presented in tables and figures should be self-explanatory without reference to the results text.  All abbreviations and symbols that are unique to the table or figure must be defined.  Information on the degree of treatment replication is also typically included.  Definitions and/or formulations are typically provided for most non-metric response variables, while for metric variables (involving direct measurement), information is frequently provided about the specific measurement protocol; i.e., leaf length was measured from the base of the blade to the tip along the midvein.  If statistical analyses were preformed these are also indicated with superscript symbols being used to indicate whether the treatment averages were significantly different (SEE Section III, Sample Tables and Figures).  For figures showing gel images, information on the lane assignments is required, etc.

The information that is necessary for the interpretation of tables and figures (see previous paragraph) is typically incorporated into the “title block” as one or more sentences, termed a legend or caption, that follow the title.  However, the case of tables, this information may also be presented in footnote form (See Section III, Sample Tables and Figures).  Footnotes that apply to the entire data set are generally placed first and are assigned numerals.  Footnotes applying to the title, specific variables, or data points, are generally assigned superscript letters.

III) Sample Tables and Figures:
Table 1 has been prepared in both caption and footnote form to facilitate a comparison of both styles.  In addition, the use of combinations of captions and footnotes is also possible. 

Table 1.  Effects of cytokinin and auxin types on callus formation and concurrent organogenesis from XCaG leaf tissues, preliminary data.  Each treatment consisted of 4 replications of 6 leaves.  Data were collected after 4 wks of dark culture. Organogenesis frequencies were calculated based on the cumulative data set.  Superscript letters indicate treatment means that differed significantly in regeneration percentage as determined by LSD means separation.

	
	
	Percentage (( SE) of leaves forming callus by location
	% of leaves with organ formation

	Cytokinin
	Auxin

(1 mg/L)
	Cut surface– distal side
	Cut surface– proximal side
	Leaf veins

(unwounded)
	Roots
	Shoots

	
	
	
	
	
	
	

	BA
	IBA
	75 ( 25a
	0b
	0b
	0
	8

	(0.5 mg/L)
	NAA
	100 ( 0a
	25 ( 25b
	92 ( 8a
	0
	0

	
	2,4-D
	100 ( 0a
	100 ( 0a
	92 ( 8a
	0
	0

	
	
	
	
	
	
	

	ZEA
	IBA
	100 ( 0a
	42 ( 8b
	58 ( 8b
	0
	100

	(2.0 mg/L)
	NAA
	78 ( 3b
	78 ( 3a
	100 ( 0a
	0
	0

	
	2,4-D
	88 ( 13ab
	88 ( 13a
	92 ( 8a
	0
	0


Table 1.  Effects of cytokinin and auxin types on callus formation and concurrent organogenesis from XCaG leaf tissues, preliminary data
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	0b
	0b
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	(0.5 mg/L)
	NAA
	100 ( 0a
	25 ( 25b
	92 ( 8a
	0
	0

	
	2,4-D
	100 ( 0a
	100 ( 0a
	92 ( 8a
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	ZEA
	IBA
	100 ( 0a
	42 ( 8b
	58 ( 8b
	0
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	(2.0 mg/L)
	NAA
	78 ( 3b
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	100 ( 0a
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	2,4-D
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	92 ( 8a
	0
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Data were collected after four weeks of culture in the dark.

a Each treatment consisted of four replications of six leaves.  The superscript letters shown indicated treatment means that differed significantly in regeneration percentage as determined by LSD means separation analysis.

b The organ formation percentages were calculated based on the cumulative data set


[image: image1]
Figure 1. Mean weight gain ± SE during callus formation for leaves from the XCaG hybrid.  All media (MS) contained 1 mg/L NAA and either BA or ZEA at 0.5 mg/L or 2 mg/L as indicated.  After 4 weeks, the combined weight of the leaves and callus tissues was determined.  Callus weights were estimated by subtracting the average weight of control leaves of the same size class as the experimental leaves as determined in preliminary experiments.  The letters shown on the bars indicate treatments that differed significantly (α = 0.05) in weight gain as determined by LSD means separation analysis.  

IV) Writing Style:
In contrast with literary writing, which frequently values ornamentation, reiteration, and even ambiguity (termed ‘leaving more to the reader’s imagination’), the most important characteristics of scientific writing are brevity and precision.  The goal is to write efficiently, with minimum length, and a simple, clear sentence structure.  Precision is critical; e.g., if one treatment is said to be superior to another, you must indicate the specific parameters that were used to make the assessment.  Multiple interpretations of the text should not be possible, and several revisions are typically essential to ensure proper work choice to convey the intended meaning.  In addition the use of personal pronouns is avoided (see ‘Materials and Methods’, above).  
Do not assume that you can gloss over details since the reports since the initial reader of the reports is going to be the course instructor.  The reports should be written for a general audience without any assumptions of a specialist’s knowledge on the part of the reader. In addition, you should avoid the liberal use of thesaurus when preparing your lab report.  For many scientific concepts there is often only a single word or a handful of words that will properly convey the intended meaning.  In such cases, it is important to stick with the standard terminology even if the same word is used multiple times in the report.  The key here is to remember that precision and clarity, are more important than variety.  
V) Planning and Strategy:

I would encourage you to approach the lab report assignment as a two stage process, with the initial stage involving the preparation of formal tables and figures.  The process of preparing the tables and figures will help you to identify the most important response variables and data trends.  A thorough and thoughtful analysis of the data prior to the start of the writing process facilitates the writing process.  The data should be evaluated in the context of the experimental hypotheses and related predictions.  
In terms of overall organization, you may want to structure your lab report in the context of a critical argument, with the hypothesis being the argument.  Doing so, forces a thoughtful analysis of the data and facilitates the distinction between essential and trivial data.  Instead of presenting data for data’s sake, the tables and figures should be related to the argument at hand, however, conflicting data should not be excluded.  For more information on the preparation of written arguments, students are referred to the following webpage prepared by the University of North Carolina at Chapel Hill (http://www.unc.edu/depts./wcseb/hanouts/argument.html)   

The preparation of formal outlines is also strongly encouraged.  For obvious reasons, writing without an outline has been compared to taking automobile vacation without having first looked at a road map.  In addition, outlines are more easily discussed with instructors or classmates than written drafts and major problems can be identified prior to the onset of writing.  Outlining tips are available at the Purdue University Writing Center at http://www.owl.english.purdue.edu (Select ‘General Writing Concerns’, then ‘Research Paper Workshop’ (highlighted in the text), and ‘Outline’ from the left menu bar)
V) Grading of Lab Reports:

Grades will be assigned based on the clarity of the writing, the organization and attractiveness of the overall presentation, and the degree to which guidelines (outlined above) have been followed.  The grading process has been designed to be objective, fair, and transparent.  Detailed grading keys will be prepared and available for viewing upon return of the lab reports.  In addition, lab reports that show signs of extra efforts either in terms of the quality of the writing and data analysis, the degree of understanding of the core concepts demonstrated, and/or the quality of the tables and figures will earn bonus points.  However, lab reports that are especially sloppy, including grammatical errors, spelling or typographical errors, or errors in consistency and clarity of thought, are liable to be assigned point deductions in addition to specific deductions outlined on the grading keys.
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