Instructor's Grading Criteria for Laboratory Reports


Your lab instructor will use this sheet when grading your reports. The following is a list of elements that make up a lab report. These are also the places where students make errors in writing their lab reports. Pay particular attention to the items marked with an asterisk (*). We have found that many students slight or entirely omit these important components of the paper. The number of points allotted to each section is given in parentheses. Please see the guide to writing a laboratory report for specific tips on each section.

Quality of Paper (15)
1. *Excellent writing: correct grammar

(no dangling modifiers, awkward sentence structure , subject-verb agreement,     etc.)

2. *Excellent writing: correct spelling

3. *Excellent writing: correct punctuation throughout (no run-on sentences, comma splices, sentence fragments, etc.)

4. *Flow: paper is written in clear, precise language so that each section is logical, easy to read and fulfills its purpose. Excessive verbiage should be minimized. The paper clearly demonstrates that you understand the biological basis for the experiment.
Title (3)

1. Title should specifically state the subject investigated and should be as descriptive as possible (e.g. Lab report 1 is not a good title)

Abstract (10)
Abstract should be limited to 150 words and include a statement of 

a) purpose of experiment

b) methods 

c) results

d) discussion/conclusions

Introduction (18)
1. Purpose of the experiment MUST be given

2. Background information extensive; several relevant* references given

(several means more than two and relevant means from a book or scientific journal article, NOT a dubious web site)

3. Sources of information should be cited

4. A brief description of the rationale for the experimental design should be given **DEMONSTRATING YOU UNDERSTAND THE BIOLOGY INVOLVED.

5. Clearly state your hypotheses and predictions

Materials and Methods (8)
1. Should be written in "scientific" style (e.g. should be a narrative, not a list of materials*). In other words, don’t write this up like a recipe card.

2. Reader should be able to duplicate experiment with the information given

3. Results should not be given in this section

Results (20)
1. Data should be properly summarized (e.g. give averages*, not raw data)

2. Data should be presented in appropriate format (e.g. bar chart vs. line chart).

3. Results should be presented neatly

4. Table/Figure should be numbered and have axes correctly labeled

5. Figures should have a complete key to symbols/colors used in graphs IF necessary and should NOT have a key if UNNECESSARY.

6. Table/Figures should have complete caption explaining Table/Figure such that it can be understood without reference to the text.

7. *There must be a narrative (text) description of the results highlighting important items and trends, NOT just tables and figures!

8. *Each Table/Figure in Results must be mentioned in the text portion of the RESULTS section and in the order they are numbered.

9. Do not interpret WHY the results are the way that they are or include methods in this section.

Discussion (17)
1. Important results should be BRIEFLY restated (but the discussion is not a simple rehash of results).

2. Interpretation of results should logically follow your results and not be in opposition with them.

3. *SEVERAL (more than two) references should be cited relating your interpretations and conclusions to other published studies. 

4. *You should relate your results and interpretation directly to the biology of the organism you studied in your experiment.

5. No new results should be given in this section.

Conclusions (3)

1. Your overall conclusion should be restated at the end of the paper. Was your original hypothesis supported? Or did the experimental results lead you to revise your original hypothesis?

Literature Cited (6)
1. *At least three references other than lab materials must be cited.

2. *Cited material must be appropriate and be from a reputable source. Websites that are not peer-reviewed or are from a questionable source will NOT count!

3. Proper citation form must be used (author, year format) (e.g. Smith, 1999)

4. All information that needs to be cited is actually cited in paper.

5. All references listed in Literature Cited section must be used in text.

Lab Presentation Grading Criteria and Checklist (25 points)

Group Members: ______________________________________________________

______________________________________________________________________

Introduction (5pts)

_______
CLEAR TESTABLE hypothesis?

_______
Justify hypothesis? (Background information)
Methods (5pts)

_______
Could do your experiments based on the information you presented?

_______
Did you give a step-by-step procedure?

_______
Did you indicate materials that you used? 
Results (5pts): 

______Figures and/or tables in the appropriate format? (e.g. is a bar graph appropriate for your data)

______Legend (ONLY when necessary)

______Figure caption

______Title

______Axis labels with units

______Values for units on axis

______Dependent and independent variables on appropriate axes

______Was the information properly SUMMARIZED (don't show raw data or individual trial results)

______Were tables understandable?

______Did they have proper row and column headings?

______Was there a caption for the table?

______Was the table titled?

______Are all units indicated somewhere on the table?
Discussion (5pts):

______Was your hypothesis supported or rejected?

______Did you relate your results to the BIOLOGY of the organism in question? 

______Did you discuss any limitations to your experimental design that may have affected your conclusions?

______Did you answer the questions that were asked?
Presentation Style (5pts)

______Did you have an introduction, methods, results, and discussion?

______Was everyone in your group organized and involved in the presentation?

Visual Aids

______Did the graphs/tables fit on the overhead?

______Were the labels large enough to read?

______Did you choose contrasting colors so that they were readable?

______Did you provide any visual aids for parts of your presentation other than the

           results? 
A Guide to Writing a laboratory report
Your final lab report will include:

Title (statement of the problem)

Abstract (paragraph long mini-version of your entire report)

Introduction (background, justification, and statement of the significance of your study)

Materials and Methods (report of exactly what you did)

Results (presentation of data in narrative as well as tabular or graphical form—just the facts please)

Discussion (inferences drawn from your data, interpretation, and biological context to your results)

Literature cited (books and periodicals used—note: real scientists don’t cite websites).

How to Approach your final report

Your paper will be a thorough account of the work you did and the conclusions you reached. In your reports you will condense a great amount of work into a paper of 5-10 pages (including figures). Students often ask “How long should the report be?” The non-answer is, “As long as it needs to be to summarize your project (abstract), convey what you did (methods), what you found (results), why it was important to test it (introduction), and what it means (discussion)”. Although there is a standard organization for scientific papers, you do not have to write your first draft in that order. Begin with the easiest sections. Perhaps describing “Materials and Methods” will be easiest because you’ll simply be reporting what you did. Next you may want to describe your results. Then prepare your graphs and tables and finish writing the other sections. Write the first draft quickly, getting down all of your ideas on paper. Once all sections have been written, you will arrange and EDIT your paper. Yes, you will need to edit the paper. Writing is an iterative process which means your first draft should never be your last draft. Re-read it and see if it makes sense to you. Put yourself in the shoes of the reader. Watch for typos, grammatical errors, and poor style. 

The Style of your Final Report

The style of a scientific paper is a bit more formal than other types of writing (say, creative writing). However, excessive formality may be hazardous to the health of your paper as well.  Scientific writing is meant to convey information precisely and efficiently. To some this writing may seem a tad dry and not terribly entertaining. This may be true, but it also doesn’t include a bunch of unnecessary verbiage and flowery language. As a rule of thumb, if the writing would make for a good trashy romance novel, it will make for a bad scientific report. The greatest compliment one scientist can give to another’s writing is, “It’s easy to understand, and doesn’t waste the reader’s time.” A few years ago, the editors of one scientific journal recommended that prospective writers “communicate the exact truth as simply as possible.” Keep this in mind as you write and edit.

Some stylistic pointers:

1. Write short, direct sentences, but not so short as to create a staccato effect. 

NO: Generally we can say that the fish we experimented on this semester increased in weight in all experimental conditions.

YES: The fish increased in weight in all experimental conditions.

NO: The purpose of this experiment was to determine who has the quickest reaction time between men and women.

YES: The purpose of this experiment was to compare the reaction times of men and women.

2. Use words that have clear and exact meanings.

NO: The fish did well at 28(.

YES: Fish weight increased by 20% after ten days at 28( C

3. Avoid unnecessary words and phrases.

NO: Needless to say, the experiment shows…..

YES: The experiment shows…..


NO: In general, the first trial….


YES: The first trial….

4. 
Sometimes short is better. Phrases such as “exactly true,” “square in shape”, and “join together” should be shortened to “true”, “square” and “join” since the addition of extra words adds nothing to their meanings.

5. 
Avoid double hedging (i.e. minimize use of “weasel words”).

NO: It is possible that the fish might have…

YES: The fish might have…

NO: It could be inferred that salt probably caused…

YES: Salt probably caused…

6. 
The active voice is usually clearer than the passive voice because it uses fewer words and tells who performed an action.


NO: The subjects were seated at computers. Numbers were flashed on the screen. The corresponding key was pressed and then the reaction time was flashed upon the screen. Next, the reaction time was recorded.


YES: Subjects sat at computers. When a number flashed on the screen, the subjects pressed the corresponding key. The reaction time then appeared on the screen and the subjects recorded it.

7. Go ahead, use first person. Historically, third person was the ONLY way to write scientific papers. However, first person is shorter, more concise, and less convoluted—so go ahead and use it. Many scientific journals are switching to first person (see Animal Behaviour as one example)

NO: The fish were allowed to acclimate to the aquarium for ten minutes. After acclimation to the tank, the fish were then chased with a net for an additional ten minutes.

YES: We placed the fish in an aquarium to acclimate for ten minutes and then chased each fish with a net for an additional ten minutes.

8. Avoid excessive use of “would”

NO: The subject would respond by pressing the corresponding key.

YES: The subject responded by pressing the corresponding key.

9. Make clear what you are comparing.

NO: Fish #1 ate more than Fish #2.

YES: Fish #1 ate more than Fish #2 ate.


NO: Women’s reaction times are faster than men.


YES: Women react faster than men do.

10. Make sure pronouns agree in number, gender, and case.

NO: When a person reads their partner’s paper, they learn something new.

YES: When people read their partner’s papers, they learn something new.

11. Participles operate as adjectives. Make sure they modify the correct noun. (Otherwise humorous misunderstandings may result).

NO: Increasing in size, I concluded that my fish were not being stressed.

YES: Because the fish were increasing in size, I concluded that they were not being stressed.

Layout Format
You should prepare your final report on a computer because it will make editing easier. All papers should follow the format below. Examples of the various sections are presented throughout the remainder of this handout.

A. Title page (center each line)

1. Title (2-5 inches from top of paper)

2. “by”

3. Your name

4. Class name

5. Time

6. Instructor

7. Due Date

B. Subsequent pages

1. Top margin
2 inches

2. Right margin
1 inch

3. Left margin 
1.5 inch

4. Bottom margin 1.5 inch

5. Page number 
1 inch from bottom

6. Between lines 
Double space.

C. Each section of your paper should begin with a heading; use double spacing after each heading. The title page, which does NOT have a heading, should be on a separate sheet of paper. A sample title page is shown on the next page.

Be sure to keep a copy of your report on disk or in an electronic format. In case you can’t print it out by the due date, please email a copy of it to your instructor on the due date as evidence of a printer problem not a WRITER problem!

The Effect of Different Wavelengths of Light on Hypocotyl Length of Kidney Beans

By

Ima A. Student

Ecology, Evolution, and Heredity 101

Section Monday, 1-4

Dr. I.M. Thinking

January 28th, 2003

Sections of your Paper

(Other than the title, each section of the paper should have a heading.)

Title (worth 3 points)

The title is a statement of the problem; you can simply take your question and reword it as a statement.

Question: What is the effect of different wavelengths of light on hypocotyls length of kidney beans?

Title: The Effect of Different Wavelengths of Light on Hypocotyl Length of Kidney Beans.

The best titles are the most informative. Here are some various titles and how the instructor might grade them out of three points:

1. Lab report 1
Comments: (zero points). This is a poor title because it conveys zero information about what you did. If you had to pick out a worst title award, this might be a winner-or at least a serious contender.

2. The affect of temperature on fish growth

Comments: (1.5 points). This is very nice in that it includes a reference to a dependent variable (fish growth) and an independent variable (temperature). A point and a half is lost for two reasons: 1-affect is a verb. The appropriate word here is “effect”. 2-what sort of fish is this? A common name would be better, and common name AND scientific name would be best

3. The Effect of Temperature on Weight Gain in Guppies (Poecilia reticulata) 

Comments: (3 points). This is a great title. Everyone knows what you did here and on what. The common name (guppies) is included for those of us that don’t know what the heck a Poecilia reticulata is! Notice also that the genus name, Poecilia, is capitalized and the species name, reticulata is not. Italics or underlining should ALWAYS be used when referring to a scientific name.

Abstract

The abstract is the capsule report of your paper that allows your reader to determine quickly what your report is about and whether they are interested in reading the whole paper. Essentially, an abstract should squeeze the essence an entire paper into a single paragraph- not an easy task! It includes the most important information from each section. Although this section is placed between the Title and the Introduction, you should compose the abstract after you have completed the paper.

Abstract Example:

Light energy is critical for proper plant growth yet all wavelengths of light may not be equally important for photosynthesis. We measured the effect of different wavelengths of light on kidney bean hypocotyl length. We placed twenty germinated seeds in each of five light exposure treatments: white, green, red, and blue light and in darkness. We then measured hypocotyl length daily. Average hypocotyl lengths at the end of five days were: white, 25mm; green, 100 mm; red, 30 mm; blue, 20 mm; dark, 120 mm. We concluded that the components of white light which are most inhibitory to hypocotyl elongation are red and blue wavelengths. Green light and darkness tended to promote hypocotyl elongation. 

Notice that the first sentence is an introduction. It justifies or explains why you are testing your particular hypothesis. The next three sentences are the methods section. The fifth sentence is the results section and the sixth and seventh sentence is the discussion and conclusion. The entire abstract must be no more than 150 words (the example above is 114 words).

Introduction

The introduction presents enough background (usually through cited references) to give the reader an appreciation for the significance of the problem. It should also relate your specific study to larger conceptual issues in the field. The best introductions explicitly state their goals (e.g. what questions are being addressed or what specific hypothesis is being tested). When stating your hypothesis, you should also state the rationale for your prediction. Citing GOOD sources will improve your rationale and believability greatly. Citing POOR sources may actually detract from it. You should also briefly state how you intend to approach the problem, and why this approach will address the question of interest.

Introduction Example:


In many plants the hypocotyl is the part of the plant responsible for vertical growth of the seedling (Flora, 1967). The spectral properties of light are known to influence a variety of plant processes including seed germination and photosynthesis (Starr and Taggert, 1988). Therefore hypocotyl elongation is likely to be impacted by exposure to various wavelengths of light.


We chose kidney beans as the experimental plants because they grow rapidly and are the type of plant in which the hypocotyl (rather than epicotyl) contributes to plant height (Dickey, 1988). We used five different treatments: darkness, white light, and white light filtered through blue, green and red acetate filters. The different colors were chosen because we know that red and blue light are used in photosynthesis, while green light is not (Starr and Taggert, 1988). We tested the hypotheses that 1.) light is required for hypocotyl growth, and 2.) some wavelengths of light result in greater hypocotyl growth than others. We predicted that hypocotyl growth will not occur in the absence of light. Further, we predicted that removing blue and red wavelengths of will have a greater negative impact on hypocotyl growth than removing green light.

Notice that background information is given on the elements of the experiment. You are introduced as to what a hypocotyl is and what it does. The rationale for using kidney beans is mentioned as well as the rationale for choosing particular wavelengths of light. The hypothesis is stated explicitly and justification is given for specific predictions. Notice that references are cited using the author, year format. See the scientific article in the appendix for a more detailed example of an introduction.

Materials and Methods

When you write this section, imagine that you are explaining what you did so that someone else can relicate your experiment exactly. This will be the primary criterion used for grading this section. Do NOT write the materials and methods section as though you are writing it for someone present in the room at the time you performed the experiment. The appropriate audience is someone with a biology background but who was NOT present when you performed the experiment. Do NOT write this section as though it were a recipe card with a list of materials and then your procedure. Write the entire section as a narrative and introduce the materials used as you describe what you have done (see scientific article in the appendix for a detailed example). If you completed a field study it will be necessary to describe the location of your study cite (can someone else duplicate your experiment if she or he doesn’t know where you performed it?). If it was a lab experiment and you used containers, what size were they? Often it may be easier to include a diagram of your experimental apparatus and refer to it in the text, but this isn’t necessary.

When writing the Materials and Methods section:

1. Use the past tense and do not use second person.

NO: First you go to the study site and measure out 100 meters before you set up the flags along it.

YES: We placed ten flags at 10 meter intervals along a 100 meter transect.

2. Avoid writing in recipe-card style. Instead, tell what you did.

NO: 1. Set up ten circular dishes….

                    2. Start the timer after the acclimation period….


YES: We set up ten circular dishes. The isopods were acclimated for ten minutes and then we started the timer. 

3. Write in operational order.

NO: The clock was started after the thermometer was set up.

YES: The thermometer was set up, and then the clock was started.

4. Be specific.

NO: We used some salt in each bowl.

YES: We placed 10 mg. of salt in each 20cm d. glass bowl.

If you wrote a good proposal and kept accurate records in your lab notebook, you should find this section easy to write. If you did not keep good notes, it will be reflected here.

Materials and Methods example.


We placed one hundred kidney bean seeds on moist paper towels and left them in the dark for seven days. We then selected fifty of the seeds which had germinated and planted them in potting mix (2/3 general purpose potting soil and 1/3 perlite) in flats, putting ten germinated seeds in each flat. 


To give the plants different wavelengths of light, we made light boxes out of 22 cm w x 45cm l x 22 cm h cardboard boxes and colored acetate filters. Color filters were obtained from Edmund Scientific Company. We used daylight blue (#851), medium green (#874), and medium red (#823) filters. The acetate filter replaced the cardboard top of each box. We used a clear sheet of acetate for the white light, and left the cardboard box intact for darkness. Before we put the plants in the boxes, we measured the light intensity in each box. We found that to have equal light intensities, we had to place the boxes the following distances from the light: white light 42 cm, red 35 cm, green 27 cm, and blue 13 cm. 


We put one flat of plants in each box and placed the boxes at the appropriate distances from the fluorescent lights on the growth shelves. Plants were exposed to 16 hours of light each day. We watered each flat daily with 100 ml of tap water.


We measured hypocotyl length of each plant at 9:00am each day for ten days. The hypocotyl is the part of the stem which is below the cotyledons (see Figure 1). We took the plants to a dimly-lit area of the room for this measurement so they would not be subjected to the wrong type of light.

In most cases you will be obtaining materials from the biology prep room, so you don’t need to be this specific about the origin of your materials. However, if you supply items yourself you will need to give whatever details are necessary for others to replicate your experiment. For example, if you had brought in tap water for pH measurements, you would have to say where the sample was obtained. This section might also include a diagram of the boxes and the experimental setup you used. (As an aside: the plural form of apparatus is apparatuses OR apparatus but NOT apparati!). Further detail on how light intensities were measured would also be desirable. For instance, if you used a spectrophotometer to measure peak light intensities for each filter indicate that in the text. 


It is important to tell your readers precisely how the experiment was done, including any significant details. Sometimes the procedures you used are given in the lab manual, so you can say “we followed the procedure for pH measurement given in the lab manual (Dickey, 1988). However, most of you will be designing experiments of your own invention so nobody else will know what you did if you don’t document it in your lab notebook.


Note that it is important to anticipate and eliminate all extraneous factors that might affect the outcome of the experiment. During the course of the experiment, though, you may find additional things you should have considered in advance. These need to be mentioned in the Discussion section. However, if you radically altered your design midway through your experiment (not recommended), you may need to justify this change in the methods section.

Results


In the results section the researcher presents her or his data in an organized, readable form. All results MUST have a narrative section that highlights the general findings of your study and refers to any and all tables or figures included IN ORDER. Although a text-based results section is necessary, it is not sufficient. You must also include figures and tables. Do not simply list your results in the text of your results section.  Easily interpretable data are normally given in tables (note: the word data is plural), while more complex data, particularly data that convey a relationship between two factors, are shown in graphs. Graphs, drawings, diagrams, and anything else which is not a table, are called figures. A table is a set of data with the information, often numbers, arranged in columns and rows. Tables and figures are numbered separately so that in the text you can refer to Table 1, Table 2, Figure 1, Figure 2, etc. Every table or figure in your results should be cited in the text portion of your paper and any figure or table cited in your paper must be included in your lab report. All tables and figures must have titles which describe their contents. All tables and figures should be complete and understandable without reference to the text. Choose one format to present a particular aspect of the data- a table or a figure. Do not present the same data in both formats. That would be redundant. Also do NOT present raw data in a lab report. The purpose of the results section is to SUMMARIZE your data not to present it in total. Few raw datasets allow the reader to quickly extract any meaningful information. It is your job as the writer to present your results in a way that convinces the reader that the conclusions drawn regarding your original hypothesis are valid.

Run through this checklist as you prepare your graphs:

1. Is the independent variable on the x-axis and dependent variable on the y-axis?

2. Are both axes clearly labeled?

3. Are units indicated where necessary?

4. Have you used the entire area of the graph to display your data?

5. Have you chosen appropriate intervals, and marked them evenly along the axes?

6. Is the figure number indicated?

7. Does the figure have a title?

8. Is there a caption that describes the figure in sufficient detail that reference to the text is not necessary?

9. Do you have a legend or key if you need one? Do you have a legend and key and NOT need one?

10. Are the data properly summarized (e.g. have you used means instead of raw data where appropriate?)

11. Should this be a line graph (independent variable is continuous) or a bar graph (independent variable is categorical or discrete). 

12. Are you calling a figure a table or a table a figure?

Run through this checklist as you prepare your tables:

1. Is the independent variable in the left column and the dependent variable in the right?

2. Does each column have a label?

3. Are all units indicated for each variable, if applicable?

4. Is each row labeled?

5. Are you calling a figure a table or a table a figure?

6. Is the Table numbered?

7. Is there a title and a caption to your Table?

8. Is the Table number, title, and caption at the top of your table?

Examples:

Table 1. Average hypocotyl length of kidney bean seedlings. Seedlings were exposed to different wavelengths of light for ten days. 

	Light Filter
	Mean Hypocotyl Length (mm)

	Blue
	25

	Green
	100

	Red
	30

	White
	25

	Dark
	120


Notice what information is present. The Table heading is ABOVE the table. It contains the Table number followed by a title. A descriptive caption follows the title and gives sufficient background to understand the content of the table without reference to the text. All columns have a heading and units are indicated where appropriate. Notice that the independent variable is on the right and the dependent on the left.
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Figure 1. Spiderling dispersal on different substrates. Mean proportion of spiderlings dispersed from their mothers while on substrates previously occupied by a conspecific female P. milvina for 24 h (Pardosa cues), a juvenile H. helluo (Hogna cues), or a substrate not previously occupied (Control). 
Notice that the title and caption are below, rather than above in a figure (unlike tables). Both axes are clearly labeled. The independent variable should always be on the x-axis and the dependent variable should always be on the y-axis. Line graphs are appropriate when your independent variable is continuous (like height, weight, time etc.). Bar graphs are appropriate when your independent variable is categorical or discrete (like colors-blue, yellow, red, sex-male/female, training-before/after, etc.). Notice that there is a legend or key to indicate each treatment. Also notice that a brief title follows the figure 1 designation and that a caption describes the graph without reference to the text. Even without text, you can get some idea what this information shows. Once again, notice that all scientific names show genus capitalized, species in lower case, and always italicized. 

Results Text Example:


We found that the average hypocotyl length was greatest in darkness and green light (120 and 100 mm respectively) while in white, red, and blue light mean hypocotyl length tended to be much shorter (25, 30, and 25 mm respectively) (Table 1). The rate of hypocotyl elongation was greater in darkness than in white light (Fig. 1).

Or 

Spiderling dismounts peaked after three days (mean 78.3% for all treatments combined) (Fig. 1). By day six of post-emergence, the mean proportion of dismounted spiderlings returned to similar levels observed during the first day. Substrate type had a significant effect on spiderling dismounts. Females placed in containers with H. helluo chemical cues had an average of only 28% of their clutch dismounted by day one compared to 41% and 55% for the P. milvina and control treatments respectively. Dispersal patterns among treatments for all other days were not significantly different and appeared to converge after the first day. However, mean proportion of dismounts continued to be lower for the H. helluo cue treatments for day two and three as well (Fig. 1).

Remember that the purpose of the results section is to SUMMARIZE your data and place the information within the context of your original hypothesis. Tell the reader WHAT you think is important. Do not tell the reader WHY you think it is important here—save that for the Discussion section.

Discussion


The discussion should offer an interpretation of the results and an explanation of their significance. It should also address any weaknesses of the experimental methods or design. This is the most important section of your paper because it tells the reader what it all means. For most students, it is also the most difficult section to write. 

Complete your introduction and results sections before you begin writing the discussion. Put them on the desk in front of you, along with your lab notebook open to your notes on this experiment, and begin writing your rough draft. You can outline the contents of the discussion by taking the following steps.

1. Briefly restate your results (as you would in an abstract). 

2. Return to your original question and state whether your hypothesis was supported or rejected.

3. Write down what you know about the biology of the experiment. This should involve reading other papers on the topic and citing them here. How do your results fit in with what is already known?

4. Write about some weaknesses you may have identified in your experimental design. You will need to tell the reader how these imperfections may have affected your results. ALL experiments are imperfect. We all are constrained by time, money, facilities, and equipment. It is important for you to acknowledge in your report how these limitations affect the validity of your conclusions. However, not all imperfections have a negative impact on the validity of your conclusions. Only discuss those likely to impact your conclusions. Do not assume that because your experiment is flawed that your conclusions are not valid. Similarly, do not assume that because your predictions were correct, that your results are automatically valid.

5. Carefully consider alternative hypotheses that may explain your results. This is a common weakness of many discussion sections. Your results may also be consistent with several other hypotheses—not just the one you tested. For example, suppose you put a  guppy in an aquarium and placed a male guppy behind a glass wall at one end of the aquarium and another male guppy behind a glass wall at the other end of the aquarium. You then measured how long the guppy spent at each end of the tank to find out what which male the guppy prefers. One interpretation is that she likes the male she spends more time with. However another equally valid interpretation is that she strongly dislikes the other male and would move away from him REGARDLESS of what was in the other end of the tank. Consider all possibilities carefully.

6. Describe any problems which arose during the experiment itself. Unforeseen difficulties with the procedure may affect the data and should be described in the discussion.

7. Relate your results and conclusions to those of other researchers. Do they conform to these studies? Do they coincide with their predictions? If not, why not? How does your study differ from other similar studies?

8. Check to make sure your results match your conclusions. Although this seems like an obvious point, expectations of particular results sometimes persuade scientists to overstate the degree to which their data match their predictions.

Discussion Example:


Our experiment was designed to investigate the effect of different wavelengths of light on hypocotyl elongation in kidney beans. We predicted that different wavelengths of light would have an effect on hypocotyl length. Our original assumption was that photosynthesis was necessary for hypocotyl elongation. If photosynthesis is necessary than no elongation should have occurred among beans in the dark treatment. Our results, as seen in Figure 2, show that kidney beans  kept in the dark had a much greater rate of hypocotyl elongation than beans grown in white light. Dark-grown plants reached an average hypocotyl length of 120 mm, while light-grown plants were only 25 mm tall. However, we observed that the light-grown plants were dark green and appeared to be sturdy and healthy. The dark-grown plants were very pale and yellowish, and they were not able to stand upright by the fifth day. The difference in coloration is presumably due to differences in the plant pigments such as chlorophyll. White light, then, inhibited hypocotyl elongation. 


We used three of the components of white light, red, green, and blue, to determine the effect of color, or wavelength, on hypocotyl elongation. Table 1 showed that average hypocotyl elongation after 10 days. Red and blue light were most similar to white light in their effect. The average hypocotyl length in in white light was 25 mm. Average length was also 25 mm in blue light, and it was 30 mm in red light. Green light had an effect similar to darkness: hypocotys growth was promoted, averaging 100 mm in green light and 125 mm in darkness. The appearance of the plants in red and blue light was also similar to the appearance of the plants in white light, while the green light plants looked like the dark-grown plants.


Since plants need light for photosynthesis, we did not expect to find so much growth in the dark. Possibly this is a mechanism that plant uses to try to reach the proper kind of light. The elongation is caused by an accumulation of a hormone, auxin, which stimulates plant growth (Smith, 1976). We were also puzzled by the apparent lack of chlorophyll in the plants grown in darkness and green light, since chlorophyll is also needed for photosynthesis, which provides the plant with energy. We hypothesize that the plants in the dark must be getting the energy for growth from a source other than photosynthesis, most likely from stored reserves in their seeds (Starr and Taggert, 1987).


Our experiment supports the idea that wavelength of light affects hypocotyls elongation. Elongation is inhibited by white light, specifically by the red and blue components of white light. Darkness and green light promote hypocotyl elongation. We also observed that wavelength of light affects the pigments present in the plant; kidney beans grown in red, blue or white light appeared to have much more chlorophyll than those grown in darkness or green light.


We believe the number of plants used provided adequate replication to give us confidence in these conclusions. However, we can make these conclusions only about kidney beans, since we did not have time to duplicate the experiment using other plant species.

The author is attempting to explain her or his results. Explanations might be available in the literature (e.g. the textbook), or further research might be required. Your lab instructor or lecture professor may be able to provide additional insight which can be added to your discussion. The results of an experiment often lead to more questions which can be investigated in the future experiments.

The conclusion is clearly stated. Remember, the conclusion can only be based on the results of your experiment, not on speculations. The author of this paper was surprised at the growth of plants in the dark, but had to conclude that plants DO grow in the dark. Remember, when the organism and hypothesis don’t agree—the organism is ALWAYS right!

Discuss any weaknesses you recognize in your experimental design and think of how the experiment might be improved. If you had any problems carrying out the experiment you should also discuss how these problems impacted your results. Acknowledging the weaknesses in your experiment is NOT a sign of a poor experiment or a poorly written paper, it shows that you truly understand the experiment. 

Conclusions

This is a general statement of inference based on your results. It should be included in your abstract but should also appear somewhere toward the end of your discussion. A conclusion generally relates your results to the biological significance of this area of research. For example, you may find that species diversity of plants was different close to a hedgerow than 100 meters away from the hedgerow, in an where soybean plants was grown the previous year. You might CONCLUDE a number of different things from this depending on what else you know. For example, you might state: 

The plant community near the hedgerow was fundamentally different from the community away from the hedgerow, where soybeans had previously grown. The plants growing along the hedgerow were colonizing the old field in the vicinity closest to the hedgerow but did not appear to be dispersing farther away, which resulted in lower species diversity further from the hedgerow. 

Alternatively, you may have additional information that allows you to state something like this: 

The microclimate near the hedgerow was fundamentally different from the center of the field. Light levels tended to be lower near the hedgerow as did temperature, while humidity in that area was higher. Some plants are better adapted to these conditions and therefore have a higher germination rate near the hedgerow compared to the center of the old field. This, in turn, contributes to differences in diversity between these locations.
Do not make conclusions that aren’t supported by your data. It is also best to restrict your conclusion to information that you know for certain (i.e. the data you collected). Try not to be overly speculative.

Literature Cited

In the text, include sources to increase your credibility. Use one of the following styles:

1. Carbon dioxide is necessary for photosynthesis, but it is often in short supply for aquatic plants (Raven and Johnson, 1996).

2. Raven and Johnson (1996) report that carbon dioxide is often in short supply in aquatic plants.

Put the information into your own words (or face charges of plagiarism). If you use a direct quotation, be sure to put quotation marks around it (and avoid charges of plagiarism). However, direct quotations are rarely used in scientific literature, so use them sparingly if at all.

At the end of the paper, list the sources you cited alphabetically by author. Any source you list must appear in the text.

Examples of format for books:

Dickey, J. 1988. Biology 101 Laboratory Manual. Clemson University, Clemson, South Carolina.

Kosinski, R. 1993. Fishfarm. Benjamin/Cummings Publishing Co., Inc., Redwood City, CA.

Raven, P. and G. Johnson. 1996. Biology. Wm. C. Brown Publishers, Dubuque, IA.

Stephens, D. and J. Krebs. 1986. Foraging Theory. Princeton University Press, Princeton, NJ.

Examples of format for journal articles (the preferred source of citations!):

Johnson, R.A. 1991. Learning, memory, and foraging efficiency in two species of desert seed-harvester ants. Ecology. 72:852-863.

Valone, T.J. and L. Giraldeau. 1993. Patch estimation by group foragers: what information is used? Animal Behaviour. 45: 721-728.

For articles, the authors names are first, followed by the date of publication, the title, the journal name, the volume number, and the page numbers. All references should be in alphabetical order.

A word about internet versus journal and book sources
The internet is a wonderful place, full of useful and important information. It is also a dumping ground for advertisements, propaganda, misinformation, and poorly written gibberish that isn’t worth the electricity used to display it.  Remember that anyone can be an author on the internet-including people that don’t know what they are talking about. Therefore, the internet is a minefield of information. Be discerning in what sources you use. Not all information is useful.

Journal articles are the preferred source for scientific citations and here’s why:

1. Reviewed by 2-4 experts in the field prior to publication to insure quality

2. Written by individuals with expertise in this particular area.

3. Primary literature-these articles were written by the same people that performed the study, making them less susceptible to faulty interpretation by a second or third party.

4. The author’s personal and professional reputation, and frequently their job, depends on the accuracy of the content within the article.

Why the internet isn’t a preferred source for scientific citations:

1. Anyone with a web address can “publish” online

2. Internet sources need not be reviewed by anyone and therefore can be influenced by an individual’s political agendas, poor logic, or personal biases

3. Internet sources are often secondary sources where the author is often not the one that did the original research, and thus the information is prone to misinterpretation. 

4. Internet sources are frequently anonymous, so there is little accountability for the statements made on many web sites.

Note: some scientific journals are published electronically over the internet and are therefore great sources of information and easy to locate. If you aren’t sure if it is a peer-reviewed source ask a librarian or instructor.

Books are good sources of general information when you are looking for a general introduction on a topic. They have some editorial oversight. Don’t be afraid to cite them!

As a general rule, official government sites are OK (sites ending in “dot-gov” ). If you can’t find the author’s name, a publishing date, or evidence that it was reviewed by a second party (i.e. edited)- don’t cite it. How can you know the information contained is valid?

If you must use internet sources, use them based on the following five criteria suggested by the SU Library. Every question should be answerable.

Criterion #1: AUTHORITY 

1. Is it clear who is responsible for the contents of the page? *******MUST HAVE

2. Is there a link to a page describing the purpose of the sponsoring organization? 

3. Is there a way of verifying the legitimacy of the page's sponsor? That is, is there a phone number or postal address to contact for more information? (Simply an email address is not enough). 

4. Is it clear who wrote the material and are the author's qualifications for writing on this topic clearly stated? 

5. If the material is protected by copyright, is the name of the copyright holder given? 

Criterion #2: ACCURACY

1. Are the sources for any factual information clearly listed so they can be verified in another source? ************MUST HAVE

2. Is the information free of grammatical, spelling, and other typographical errors? (These kinds of errors not only indicate a lack of quality control, but can actually produce inaccuracies in information). 

3. Is it clear who has the ultimate responsibility for the accuracy of the content of the material? 

4. If there are charts and/or graphs containing statistical data, are the charts and/or graphs clearly labeled and easy to read? 

Criterion #3: OBJECTIVITY

1. Is the information provided as a public service? 

2. Is the information free of advertising? MUST HAVE

3. If there is any advertising on the page, is it clearly differentiated from the informational content?

Criterion #4: CURRENCY
1. Are there dates on the page to indicate: 

1. When the page was written? MUST HAVE 

2. When the page was first placed on the Web? 

3. When the page was last revised?

2. Are there any other indications that the material is kept current? 

3. If material is presented in graphs and/or charts, is it clearly stated when the data were gathered? 

4. If the information is published in different editions, is it clearly labeled what edition the page is from?

Criterion #5: COVERAGE

1. Is there an indication that the page has been completed, and is not still under construction? 

2. If there is a print equivalent to the Web page, is there a clear indication of whether the entire work is available on the Web or only parts of it? 

If the material is from a work which is out of copyright (as is often the case with a dictionary or thesaurus) has there been an effort to update the material to make it more current?

Citation methods for internet sources should also use author/year format.

Stoddard, M. 1995. AHSL Educational Services. http://amber.medlib.arizona.edu/homepage.html. Accessed 16, Mar. 1995.

First state the author’s name followed by the year. Next, list the website or title page of access page, then the URL followed by the access date.

How to Construct and Present a Scientific Poster

You will be presenting the results of your isopod experiment as a poster rather than as a laboratory report. Please note that you will be presenting this poster as a GROUP PROJECT, not individually. 

What is a Poster?

Posters are one medium for presenting scientific information. Oral presentations and written articles are the other two most common means of conveying scientific data. There are many similarities between written reports, oral presentations, and posters. All of them attempt to convey technical information in a clear and precise manner. Each format varies primarily in the media used to convey the material and the formality level of the presentation. In general, oral presentations are the most visual and usually least formal. Written reports tend to be the most formal and least visually-oriented with posters somewhere between the two. You may see some examples of posters in the halls of the Fisher. Compare a few of these. What do they have in common? How do they differ? Are some clearer than others? Some more interesting? Why is this? 

A poster is simply a static, visual medium (usually of the paper and board variety) that you use to communicate ideas and messages. The difference between poster and oral presentations is that you should let your poster do most of the 'talking'; that is that the material presented should convey the essence of your message. However, that does not mean that you can disappear from the public during a poster presentation. You have to 'stand-by-your-poster'! Your task as the presenter is to answer questions and provide further details. A poster is an odd combination of oral presentation, written lab report, and visual abstract. In practical terms it is a visual synopsis of your experiment that gives an outline of what you have done while the poster presenter is expected to fill in the details. It is NOT is a laboratory report stuck on cardboard!

Poster Content

The sections found in a laboratory report are also found in a poster. However, these sections should be much briefer than what you would include in a written report. 

· A Title page or a large heading, telling others the title of the project, the people involved in the work and their affiliation (i.e. SU biology department).  Don’t be shy about the font size here. Go large-36-48pt or higher. 

· An Abstract of the project stating what you set out to do, how you did it, the key results and the main conclusions. Like in the lab report, this should be limited to 150 words. At scientific meetings some posters include abstracts while others do not. Please include one in yours!

· An Introduction that includes a clear statement of the question or hypothesis you tested, the rationale for choosing such a question, and the justification for the particular prediction that you made. Ideally, try to keep your introduction to a paragraph or less. Using bullets and an outline form is a perfectly acceptable format for a poster introduction. As in a lab report, your introduction should try to answer the question: “why should I care that you did this?”.

· A Methods section that explains what you did. You can leave out some of the gory details here (unlike in a written report). You, as a presenter, can fill in these details. However, the independent and dependent variables should be clear as well as your sample size and procedure. Often you can include a diagram or photo of the apparatus that you used. This really cuts back on the text, increases clarity, and makes for a much more visually interesting poster. 

· A Results section. Here you do NOT necessarily need to include a narrative or text portion to the results. If possible, present it in a colorful figure or, less interesting, a table. Use the figure caption to point out the important results you found. 

· A Conclusion or Discussion section, listing the main findings of your investigation, and their relevance. This too may be in a bulleted format (like a powerpoint presentation) rather than a narrative text. 

· A Literature Cited section that includes all papers cited in the text. Try not to go overboard here.

Your poster must be no SMALLER than 24 by 24 inches and no larger than 48 x 48 inches.

The purpose of poster presentations is not to have boards upon boards of information. Better to hand out a report in that case. Since you are presenting your poster in class, you will have limited space (which is also true if you were presenting at a scientific conference). Whatever size you choose, make sure that you use all available space efficiently. There shouldn’t be blank or “dead” areas on your poster. At the other extreme, don’t try to include everything but the kitchen sink in your poster. Use large fonts (18-24pt) that are easy to read. Stay away from Haettenschweiler, Monotype Corsiva, and other funky, hard-to-read fonts.

Tips on Style and Poster Design

In the appendix of your laboratory manual are a couple of examples of posters presented by my colleagues and students. These are fairly representative of the format common to posters. Let’s do a thoughtful critique of the pluses and minuses of these posters:

Nice Features:

1. Easy to read fonts. Arial was used here. Although on an 8.5 x 11 sheet, they are difficult to read, but both of these posters were 48x48 inches. If a smaller font was used, it is doubtful you could read it on this sheet. 

2. Clear hypotheses. You may or may not choose to give these a separate heading, but it does direct the reader to the most important aspect of the introduction.

3. Large font title and inclusion of authors and their affiliations.

4. Bold headings that make it easy to find what you are looking for.

5. A short Methods section (especially that by Taylor et al.).

6. Large Figures with all the axes labeled, units given, caption, and appropriate legend. Notice that the general findings are indicated in the caption of each figure.

7. Using color in the figures to jazz them up a bit. 

8. Photos of the organisms used. Photos of anything relevant to the study are always a good thing.

Room for Improvement

1. The authors probably could get by with fewer citations. Two or three should be sufficient for a poster.  Nine is overkill.

2. A bulleted outline form for the Introduction and Discussion/Conclusion sections would have greatly reduced the amount of text, made the poster more visually interesting and more accessible to a reader (most poster readers are lazy and don’t want to read anything more than they must!). A one paragraph introduction is preferable to three.

3. There is just too much text in both of these posters. Write less and enlarge figures. 

4. The acknowledgment section may be omitted for purposes of your poster. Although you will often find them in journal articles, poster real estate is often too limited to take up space with this section.

The Most Common Mistakes in the Fine Art of Poster-making

· Treating a poster as a full paper tacked to cardboard. 

Don’t simply tack a lab report (even a slightly abbreviated form of one) to cardboard. This is not what a poster should be.

· No pictures. People are incredibly visually-oriented animals. Some posters are full of text with hardly any visual aids. Try to avoid this. When flipping through a magazine, do you see endless text without pictures? If you do, are you inclined to read those pages or skip them? Consider this when creating a poster. If possible try to include at least one photograph. Consider diagrams, photos, or drawings of your experimental setup or photos or drawings of your study organism to jazz up your poster. Well placed lines that separate section headings might serve as an interesting graphic that also directs attention to the appropriate places.

· Tables that would be better presented as graphs. Graphs are usually more aesthetically pleasing, visually interesting, colorful, and easier to grasp than tables with the same information. If you can present the results in a graph—do so. Tables should be reserved for occasions when you have a SERIOUS amount of data to show. Never include raw data tables in a poster.

· Using 10 pt Halloween font. Use the easiest to read fonts in the largest size that is practical. ARIAL is a good font since it is easier to read from a distance. Twenty point font is fairly easy to read from a distance. Try that size.  Answer the question-could your grandmother make out your axis labels at 4 feet away? Comic sans is another friendly and easy to read font.

· Not being prepared to discuss the research. Have a five-minute summary of your project ready to present. Remember that you are there to fill in the details. Try to think like a proposal reviewer. What problems might a reader find with your experiment? Try to develop an answer to expected questions. Do background reading so that you can elaborate on points.  Remember YOU are the experiment on your experiment! Prepare well.

Other points to ponder:

· If you are pressed for space, you can often include your entire results embedded within the caption of a graph
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