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Writing a Laboratory Report

1.
Introduction

A well-organized laboratory report generally consists of the following sections:  introduction, materials and methods, results, discussion, and conclusions. Scientists and researchers always use a similar format to report their research. The purpose of this exercise is to teach you how to write a laboratory report. You should also gain practice in scientific thinking and writing. Here is a link to a comprehensive presentation of biology lab report writing:  http://writing2.richmond.edu/training/project/biology/biology.html
2.
Components of the laboratory report

As noted above, the laboratory report usually consists of five sections. Before discussing each of these components, it is worthy of comment that sometimes, particularly in the case of very long reports, a title page and an abstract may be required. If used, the title page gives the title of the laboratory experiment, the names of the lab partners, the date of the exercise, and other details as required. If no title page is used, then these items are incorporated at the top of the first page just before the introduction. The abstract is a précis of the lab report, summarizing the entire report in a single paragraph of fewer than 200 words. Note that an abstract cannot be written until the entire report has been completed.

The introduction presents the subject of the report and prepares the reader with background information relevant to the laboratory exercise. To write a good introduction, you need to have done some research and investigation into the problem of the exercise. The introduction should also state the objectives of the experiment, that is, the goals that you wish to achieve during the exercise.

Materials and methods tell the reader two things:  (1) what equipment was used in the exercise, and (2) the steps necessary to perform the experiment. The materials component can consist of a list; it does not have to be couched in grammatically correct sentences. Methods are really a step-by-step account or description of exactly what was done during the exercise. Methods are sometimes referred to as a procedure or protocol. This section is extremely important because it allows others to conduct similar experiments with minimal error. You could view the methods and materials as similar to a recipe in a cookbook. A recipe first lists the necessary ingredients (materials) and then explains how to mix and cook the ingredients (methods). Diagrams are often used to illustrate a particular portion of materials or methods that would be enhanced by visual representation. For example, a method that required an esoteric piece of equipment might include a diagram of that device. The methods component is sometimes referred to as the experimental procedure section.

The results portion of your laboratory report presents the raw data you have obtained by performing the procedure. Note that this is the actual results, not what you expected to happen. Raw data is often presented in a chart for clarity and easy access. Results may also include any manipulations you have performed on the raw data. Data are analyzed using statistics, which gives more meaning to the data. Both raw and analyzed data may be presented graphically as bar graphs, line graphs, or pie charts. Graphs also make the interpretation of the data easier.

The discussion section of the laboratory reports is an insightful interpretation of the results obtained. In other words, the discussion explains why you got the results, and what those results mean. You must be scrupulous in reporting any errors or problems with data or their collection. It may be necessary to obtain additional information and do additional research in order to interpret the results, particularly if they were unexpected. The discussion is usually the largest part of the laboratory report; it is in this section that you clearly demonstrate that have understood and can interpret what you have done.

Finally, a conclusion must be made. A conclusion is a clear and concise summary of the objectives and discussion. It must also indicate if the objectives were satisfied. For example, if the objectives of the experiment were to show that a compound could be an effective buffering agent, but it only resulted in a 0.5 pH unit change, then we would know the objectives were not satisfied. In the conclusion, you may also criticize the experiment and make suggestions for improvement.

Depending on the scope of the lab report, you may also include references and appendices. References would be included if you needed to do additional research or if you were quoting directly in the report from some other source. Appendices might include various quantitative materials that were collected during the experiment but not reported in any of the other sections; these should be indicated by an appropriate notation within the text of the report.

3.
Diagrams, charts, and graphs

Diagrams are pictorial explanations. The show you how something should look. A good diagram will include labels and scale markers, if appropriate, and must include a title. Here are two examples; first the bad:
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then the good:
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Equipment need to measure blood pressure:  the sphygmomanometer (top) and stethoscope (bottom).  [ex http://www.nhlbi.nih.gov/hbp/detect/tested.htm ]

Charts or tables provide a logical and organized way of presenting raw or modified data, making the data clearer and more accessible. In a chart, or table, the numerical data are listed in columns and rows, each of which must have appropriate headings. What follows is a typical table (note that the data in the table are not raw data):

	Hospital
	Hospital Type
	Average Number of Pints of Blood Used Daily

	
	Winter
	Spring
	Summer
	Fall

	A
	urban
	15
	20
	25
	19

	B
	urban
	18
	21
	27
	22

	C
	urban
	14
	18
	23
	17

	D
	urban
	13
	19
	24
	20

	X
	suburban
	9
	17
	22
	15

	Y
	suburban
	11
	12
	18
	14

	Z
	suburban
	10
	16
	21
	13

	M
	country
	4
	8
	15
	11


Graphs are visual representations of the data. They are made by extracting data from a chart and presenting the data in a more visual form. It is often easier to interpret data when seen in a chart rather than presented as a table. There are three basic types of graphs:  bar graphs, line graphs, and pie charts.

The bar graph is often used to illustrate the magnitude of the data. This bar graph has been derived from the data in the table above.
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Line graphs illustrate how data change over a period of time or as a function of some other variable. In other words, line graphs are based on the formula:

y = f(x)

The following graph uses the same data to illustrate that the amount of blood needed at a particular hospital varies by season:
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Although they look very different, pie charts are very similar to bar graphs. Pie charts are used to express the magnitude of data in proportions or percentage distributions. Such graphs are rarely used in the sciences, but are most commonly found in business. Here is the seasonal blood use data from Hospital A plotted as a pie chart:
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4.
Statistics

Statistics help scientists interpret data by converting the data into more meaningful forms. There are many different statistical applications available, and you are probably already aware of a few of them. A few basic statistical manipulations are presented below. Keep in mind that this is a very limited, and somewhat simple, list, and that there are many more, some of which can be quite complicated.

a.
Mean.  The mean is simple the numerical average of the data. To determine the mean of a set of values, add the values together and divide this sum by the number of values (the count). Using the data presented in the chart, determine the mean number of pints of blood used by suburban hospitals during the summer:


A look at the chart reveals Hospital X used 22 pints, Hospital Y 18, and Hospital Z 21. The number of hospitals is three, so the mean is 

(22 + 18 + 21) / 3 = 20.3


What is the average amount of blood used by the urban hospitals during the summer?


What is the average amount of blood used by all hospitals during each of the seasons?

b.
Median.  When data are arranged by order of magnitude, and the number of values is odd (3, 5, 7, etc.), the middle value is called the median. If the number of items is even (4, 6, 8, etc.), the median is the mean of the two middle terms. Again, using the data presented in the chart, determine the median of the mean number of pints used by suburban hospitals in the fall and by urban hospitals in the fall:


Suburban hospitals used, as an ordered array, 13, 14, 15 pints; thus, the median is 14.


Urban hospitals used 17, 19, 20, 22 pints; the median is (19 + 20) / 2, or 19.5.


What is the median of the mean number of pints of blood used by all hospitals in the spring? By urban hospitals in the summer? And by suburban hospitals in the winter?

c.
Range.  The range is one of the three basic methods of determining the variability or dispersion in data. To calculate the range, simple take the difference between the highest and lowest values of the data. In other words, subtract the minimum value from the maximum value. Once more, using the data from the chart above, calculate the range of mean daily blood use by Hospital Y:


During winter, 11 pints, spring 12, summer 18, and fall 14.


The maximum use was the 18 during the summer, the minimum the 11 during the winter. Thus, the range is 18 – 11 = 7 pints.


What are the ranges for mean daily blood use by each other hospital?

Here is a site with straight-forward descriptions of basic statistics:  http://www.robertniles.com/stats/
5.
Exercise

Create a graph, bar or line, of the percentage of total blood use by Hospital M for each season of the year.
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