


Plant Biology Lab Report Information
Dr. Erin Rehrig
Fall 2019

For this class, you will be asked to individually (not in a group) write a detailed, professional, and complete lab report based on the data that the class will collect over the course of the semester.  Your lab report must consist of the following parts:  Title, Introduction, Methods, Results, and Discussion.  In addition, you must use/cite 5 primary references in your final report (using whatever citation format you want: ACS, MLA, APA).  Your final lab report will be somewhere between 6-12 pages. 

You will be treating plants with silver nanoparticles which you will synthesize.  Each week, you will be calculating plant growth rates using digital photography and image analysis using MatLab.  After nanoparticle treatment (after Thanksgiving), you will also be calculating plant herbivory levels using image analysis and measuring insect weight gain before and after feeding.  

DRAFTS: I will accept drafts of your lab report throughout the semester.  Do not wait until the end of the semester to start writing it.  You can get your intro, methods, and even preliminary graphs written/done ahead of time and get my feedback on them.  See the back side of this paper for a checklist of things to consider when writing.  

Grading:  I grade using a rubric and a calculator in Excel.  I try to take as much subjectivity out of grading as possible.  
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Lab Report Comment & Grading Sheet 	       Student name:  ___________________________

Writing Conventions  (Worth 10%)
· Paper has several typographical or grammatical errors.
· Some sentences and paragraphs are not clear or do not follow a logical flow of ideas.
· Transitional sentences are needed between paragraphs.  Sections seem “choppy”.
· Scientific names are not written properly (Correct way example:  Homo sapiens).
· Format guide was not followed and report included a title page (see first sentence of guide).
· Sections (Intro, methods, etc.) are not labeled properly.
· Non-technical or unprofessional language is used in parts of the lab report.
· Numbers and decimals are written unconventionally (ie. No zero before a decimal point).
· Lab report is concise (has “good bones”), but appears to lack additional effort

Title    (Worth 1%)
· Title is vague or does not give reader an adequate sense of what lab is about.	
· Title does not address any results or elude to the hypothesis.				`

Introduction  (Worth 25%)
· Background information is lacking. There is not enough introduction to the topic.
· Background information is irrelevant or unrelated to the theme of the lab report.
· There is too much detail on the topic given the designated length of the lab report
· Hypothesis is not clearly stated or is difficult to understand.
· Justification for the hypothesis is lacking or incomplete

Methods   (Worth 16%)
· Methods are written as directions or are not in past tense.
· Too much minute details are included in the methods.
· Number of replicates, variables, or controls are missing.
· Data analysis and statistics used to compare data are incomplete or not present.

Results   (Worth 20%)
· Graphs are missing information or are incorrect (axis are not correct or are unlabeled).
· Unnecessary raw data was included in the lab report.
· A summarized text description of the overall results and the graphs is not included.
· Results are missing data (ie. P-values, error bars, or % differences are excluded).
· Precise language and detailed descriptions of overall data trends are missing in the text.

Discussion  (Worth 25%)
· Statement as to whether results support or reject the hypothesis is missing.
· Language such as “proven true” or “was wrong” is used to describe hypothesis.
· The results are blamed solely on human error.
· Paper does not describe in biological terms why the experiment resulted the way it did.
· Explanation uses biologically incorrect statements, suggesting misunderstanding of content.
· Overall experiment is not put in a larger context (ie. why is this important in “the real world”?).
· No future experiments or possible alternative suggestions for results are offered. 

References  (Worth 3%)
· No references are included.
· Student includes separate reference page instead of just adding it as another line after discussion.
· References are incorrectly cited or include non-primary sources.
Format for Lab Reports

To save paper, please omit a separate title page for your labs and any other assignments in this class.  Just write your name and lab title at the top of the first page. 

Each formal lab report will be graded based on the following sections and criteria.  Briefly, all good lab reports contain a TITLE, INTRODUCTION, METHODS, RESULTS (Data summary), and DISCUSSION.  What makes a lab report great is described below:

Writing Mechanics:  Things to think about while writing
1. Organization or topics from paragraph to paragraph.   Outline your ideas first!
2. Transitions from paragraph to paragraph.  Do the ideas (topics) flow smoothly?
3. Organization of topics from sentence to sentence within a paragraph.  Is there one main theme in that single paragraph?  Is there a clear topic sentence?
4. Spelling, grammar, sentence structure.  You will lose points for poor grammar and writing.
 , 
TITLE:  The title should be complete enough to tell a reader exactly what the study was about.  It may also indicate what hypotheses were tested.  Compare each of the following titles.  
Bad title	Good title
Photosynthesis lab	Photosynthesis rates of sugar maple vary depending on wavelength of light
Bacteria lab	Abundance of bacteria on human hands vs. feet

INTRODUCTION: Answers the question “Why we did this experiment?”
A.  Include adequate background given to place the question(s) being addressed into the larger context of the current state of knowledge in the field.  What is the “big picture” or previous knowledge that lead to this study?  WHY is this question worth studying?  
B.  Clearly state the hypotheses behind this study and justify your hypothesis.  Why do you believe your hypothesis is the likely outcome of the study?  Use information you already know to make this prediction.  Also, if the hypotheses are correct, what outcome do you predict from the data?
· I hypothesize that human hands have greater amounts of bacteria than human feet because hands come into contact with many more sources of bacteria.  Alternatively, feet may have greater amounts of bacteria because feet are washed less often, and they provide a better habitat for bacteria to grow.
· Because nitrogen is critical for plants to produce proteins, then adding nitrogen to the soil should increase growth.  
· If chloroplasts absorb more energy from blue light than from red light, then the rate of photosynthesis will be greater under blue light.

METHODS: Answers the question “How we did this experiment?”
A.  You should describe the experimental design and, if necessary, any statistical methods used.
B.  This section must provide enough detail so that anyone could repeat the study based only on your description.  You must decide which steps and measurements are necessary for the reader to know, and which can be omitted.   Write in paragraph form; do not simply list the steps followed.  Write in the past tense (what we did); do not write a recipe (what to do).
Incorrect	        Correct
First you inoculate the agar plates with yeast.	        We inoculated 20 agar plates with yeast.
A small sample of solution was pipetted onto each plate.	One ml of solution was pipetted onto each plate.
RESULTS: Answers the question “What did we find in this experiment?”
A. Summarize data with figures (graphs) or tables; do NOT list the “raw data.” 
B. The Results section MUST consist of more narrative than "See attached figures."  Describe the trends and relationships between variables so you guide the reader to notice what is important from the data.  
Use precise language in your description. Describe in specific words the trends and relationships between variables.  For example, compare these statements from an experiment that compared the amount of bacteria on human hands and feet:
1. "Human feet had 36 percent more bacterial colonies than human hands.”
2. "Human feet had much higher amounts of bacteria than human hands."
3. "Human feet had very different amounts of bacteria than human hands."
4. "Our results comparing bacteria on hands and feet were very informative."  
· Sentence #1 and #2 are the most informative, and help the reader understand the pattern
· Sentences like #3 and #4 are most common in lab reports, but they are not informative!  They do not say whether hands or feet had more bacteria.  You will lose points if you use statements like those in #3 and #4.  
C. Do not explain the causes behind results here; save that for the Discussion.

DISCUSSION: Answers the question “So what, who cares, and what does it all mean?”

A.  Interpret the results relative to original hypotheses and questions.  Which hypotheses were supported or rejected?
· If your original hypothesis is not supported, that does not necessarily mean something is wrong with the experiment.
· Do not state that you have "proved" your hypothesis to be true or false.  In science we "support" or "reject" hypotheses, but do not we "prove" them. 
B.  Consider why you found these results.  What mechanisms (causes) might be responsible?  Demonstrate your understanding of the biology behind these results.
C.  Discuss results in light of larger questions from lecture, the textbook, the lab handout, or outside sources (optional).  What are the implications and applications of your results: why are they important? 
· Questions in each lab handout will help you address the expectations above.   Make sure you address those questions in your write-up.  
· Consider new questions generated by your study.  New hypotheses may be generated, or you might propose future steps to refine answers.  

Literature cited (when required)

A.  Avoid direct quotation, unless the wording of the original is crucial to your point and cite any outside sources you used in the body of your report as follows:
Ecology is an interdisciplinary science (Smith and Smith, 2003).
Smith and Smith (2003) argue that ecology is an interdisciplinary science.
B.  All works cited in the text of your report appear in Literature Cited.  Do not include works you read but did not cite.  A correct citation should make it easy for the reader to find the source:
Ripple, WJ and RL Beschta, 2004.  Wolves and the ecology of fear: Can predation risk structure ecosystems?  BioScience: 54: 755–766.
Round, F.E..  Crawford, R.M., Mann, D.G.  1990. The diatoms. Biology and morphology of the genera.  Cambridge Univ. Press. 747 pp.

Graphing your data

With most scientific studies, your experiment will generate a large amount of data.  Your next step is to summarize those data into a simple form such as a graph.  The goal of a graph is to share the message of your data as a picture.  Your audience will almost never want to see all the data you have collected and every separate measurement.  Rather, your job as a writer is to summarize the data in a graph and then describe that story in the Results.

Graphs generally contain the treatments or independent variable on the x-axis, and a dependent variable on the y-axis.  Axes must be clearly labeled with units (e.g., see Figures 1-2 below).  If the x-axis is numerical, then a scatterplot is usually appropriate (Figure 1). When the x-axis is categorical, then bar graphs are used (Figure 2).  Bar graphs often plot the averages from data and usually include error bars (see below for more details).  
Each figure in a report should be numbered and referred to in the text.  This is especially helpful with longer reports that have many figures.  Figures must also have a descriptive caption that explains what the figure represents.  

  









Figure 2. Comparison of heart rate between two species of rodents.  These data are made-up for this example.


Figure 1. Effect of temperature on heart rate (beats per minute).  These data are not genuine and are only to illustrate a scatterplot.

[image: ]
Suppose students did an experiment where they compared plant growth with different types of fertilizer.  They summarized their data with the graph to the right.  Discuss what is wrong with their figure, and how to improve it for their lab report.


When bar graphs plot averages, they must include error bars.  Error bars convey some measure of variability or “margin of error” in the data.  “Error” means variation in the data, not a “mistake.”  Large error bars in a graph does not mean that the data were collected poorly; they simply indicate that the data varied widely around the average value. Such variability is often the important part of a scientific story.

Look again at Figure 2.  If there were no error bars, then the reader might conclude erroneously that the mouse heartbeat was faster than the gerbil heart beat.  But in this figure the error bars overlap the means, so there really is no difference.  In Figure 2 the variation within treatments is greater than the difference between treatments, so there is no difference in average heartbeat.  

What values are plotted in error bars?  Several measures can be used, but in this course we employ a statistic called the 95% confidence interval.  That is the interval where the mean (average) would fall 95% of the time if the study were to be repeated over and over.  You can be fairly certain (or 95% confident) that the true mean is in that internal, even for samples that you did not collect or measure for your study.  The directions below explain how to calculate the confidence interval in Excel, but first let’s understand how to interpret them in your Results (Figure 3).


	Example
	[image: ]
	[image: ]
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	Overlap?
	 At least one of the error bars overlaps the mean of the other treatment
	The error bars overlap each other, but they do not overlap the means
	Error bars of the two treatments do not overlap each other

	Conclusion
	No statistical difference between these two treatments
	Difference between treatments may be statistically significant
	Statistically significant difference between the treatments


Figure 3:  General rules for interpreting 95% confidence intervals as error bars.  These rules allow you to conclude whether there are statistical differences just by looking at your graph.






How to make a professional bar graph in Excel

Step 1: LOOK at the data!

Download the class data from Blackboard and open the Excel file.  

· For each dependent variable (shoot growth, root length, etc.) does there appear to be any difference between our treatments?  How confident are you of that? 

· In the space here, draw a quick sketch to summarize the data for one dependent variable.  What are your axis labels and units?  What pattern do you expect after viewing the data?  This is a useful exercise before using a computer to make any graph.  
· Please review these as a class before proceeding to Excel. 
· You will need to make an Excel graph for each of the dependent variables.


Step 2:  Graph the averages 

2A.  Calculate averages (means)
· Under each treatment, type a formula "=average(highlight data here)".  In the parentheses, select the data to be averaged.  Enter

2B.  Plot the means
· Highlight the cells that will make up the x-axis, i.e., the names of the independent variables (treatments).  The labels are usually the names at the top of the columns of data.
· Choose values for dependent variable (y-axis).  While holding down the control key (on a PC) or the command key (on a Mac), highlight the two mean values that correspond to the treatments selected. 
· Insert a column chart.
· Label the Y-axis.  Are your units correct?  
· Most charts do not need a chart title if the axes are labeled properly.  The less distracting words on your chart, the better.


Step 3: Plot the confidence interval (error bars)

3A.  Calculate the 95% Confidence Interval
The 95% confidence interval is a measure of variation for each mean. If the samples varied widely around their average value, the confidence interval is large; if most samples fall near the mean, the confidence interval is small.

Below each mean, type the following formula:[footnoteRef:1] [1:  For you statistics jocks, what you are doing is calculating a standard deviation (stdev) for the treatment, and then dividing it by the square root of the sample size.  The result is called the standard error (se) of the mean.  If you multiply the standard error by 2, you get a 95% confidence interval for that mean.
] 

=2*stdev(highlight data here)/sqrt(sample size)

It is wise to label which rows are means, which are error bars, etc.

3B.  Insert error bars on your graph
Excel for PC’s: 
· Click once anywhere on your chart and a Chart menu will appear at the top of the screen.  Select Layout  Error bars  Custom
· In the boxes where it asks for the values for error bars, highlight the cells with the values of the 95% Confidence Interval that correspond to the means.  You will have to overwrite what is already in those boxes.  Do this for both “+” and “–“ error bars.  Enter.

Macs: 
· Double click on any of the columns until a menu appears.  
· Select Y-error bars  Custom
· In the boxes where it asks for the values for error bars, highlight the cells with the values of the 95% Confidence Interval that correspond to the means.  You will have to overwrite what is already in those boxes.  Do this for both “+” and “–“ error bars.  Enter.


Step 4.  Comparing two means: a t-test with a P-value
Sometimes it is difficult to determine whether treatments differ significantly simply by looking at a graph.  Statistical tests can help us make these decisions somewhat more objective.  When comparing two means, a t-test is the most common statistical test.  
1. Type the following formula
=ttest(
2. select the “array” of data for the first treatment to compare.  The array is simply the sample values collected for that treatment. 
3. Type a comma “,”
4. Select the array of data for the second treatment to compare, followed by a comma,
5. Write “2” for a two-tailed test, followed by a comma,
6. Write “3” for a type 3 test, which assumes unequal variances.
7. Close the parentheses “)”.  The whole formula will look something like this: =ttest(B2:B10,C2:C10,2,3)
8. Enter.   The P-value will appear in the cell.


RULE FOR INTERPRETING P-VALUES:

P is the probability that the difference between treatments is simply due to chance.  That is, even if there is no real difference between treatments, by random dumb luck of sampling you find some means seem a little higher than others.  So a P-value is the probability of getting this difference in the averages IF there really is no difference between your two treatments.  Put another way, this is the probability that the “null hypothesis” is correct.  The null hypothesis simply states that there really is no difference between our treatments.  So is it “probably” correct?

If P < 0.05, then there is less than a 5 percent chance that these results are simply due to random chance.  That is generally considered a "significant difference" between the treatments.  If P is much larger than 0.05, then any difference in the means could easily be due to chance, and there is no statistical difference between treatments.


In the Results section of your lab report, describe the trends in the graphs and support your statements by integrating the P-values in your description.  Here is an example adapted from a published journal article (Loss and Blair 2011)[footnoteRef:2]: [2:  Loss, S.R. and R.B. Blair.  2011.  Reduced density and nest survival of ground-nesting songbirds relative to earthworm invasions in northern hardwood forests.  Conservation Biology 25:983-992.] 

“Densities of ovenbirds and hermit thrushes were significantly lower in sites invaded by earthworms than in earthworm-free sites (P=0.01).”

If the P-value contradicts your interpretation of the graph, something is wrong and needs to be recalculated or re-plotted.


.Rubric for Grading Written Lab Reports in Plant Biology

	Percent
	Section
	10 (Exceptional)
9.5 (Outstanding)             
9 (Very good)       
	8   (Good)              
	7 (Acceptable)
	<6
Unacceptable

	10%

  



         /10     
	Appearance, Biological Writing Conventions, Overall Style
	All guidelines of handout followed, grammar, spelling, tense, proper word and number usage are correct, report is concise and clear, shows signs of revision with consistent tone and style
	1-2 errors in formatting, tense, grammar, word or number usage, some minor inconsistencies in tone or style, report is not clear or concise throughout
	2-4 errors in formatting, many errors in tense, grammar, word or number usage, serious inconsistencies in tone or style, extensive revision required
	>4 errors in formatting, disregard for biological writing conventions, no evidence of revision

	1%


         /10
	Title
	describes the experiment and what was found in one short sentence
	Title merely states the type of experiment, but no results
	Title is non-descriptive and does not state type of experiment done or results
	No title

	25%




         
        /10                        
	Introduction - presentation of background information and statement of the hypothesis being tested by the experiment.  DO NOT COPY FROM LAB MANUAL
	Clearly presents the objective, hypothesis, and rationale of the experiment, along with any background material that is appropriate
	Only partially presents the basis and rationale of the experiment OR background information is inadequate or irrelevant 
	Limited or no background information presented and basis and rationale of the experiment poorly presented 
	No Introduction included

	16%





         
         /10
	Methods -experimental design: controls, variables, proper measurement standards/methods.
	All variables are properly identified and explained, experimental design is adequate, this includes: data to be collected, controls, techniques utilized, number of replicates
	Only some of the variables and design issues are correctly identified and explained, errors in design, inappropriate use of techniques, etc.
	None of the variables and design issues are properly identified and explained; simply a list of methods and/or materials presented

	No Materials and Methods included

	20%



         
         /10      
	Results – graphical, tabular (if appropriate), and written presentation of data
	Tabular and/or graphic representation of data are appropriately used and formatted, presentation is complete and adequate
	Data presentation not adequate e.g. text does not summarize data presented in tables; redundancy of presentation
	Text section or essential data not included in paper; presentation is inadequate in many places; inappropriate data presentation.
	No Results presented

	25%






         /10
	Discussion - overall analysis and interpretation of outcomes, results put in context of existing information, implications and/or applications of results addressed, future experiments proposed.  Hypothesis is supported or negated
	Appropriate interpretation and discussion of the outcomes of the experiment, possible implications/further experiments are proposed.  Hypothesis is discussed
	An adequate interpretation of the data is presented, but it is not related to possible implications or additional experiments are not suggested OR vice versa
	The data and implications are not adequately discussed
	No Discussion included

	3%


         /10
	Literature Cited- if appropriate
	All 5, primary references are cited appropriated
	
	
	




[bookmark: _GoBack]Up to 5 bonus points can be earned for submitting a complete draft 2 weeks prior to due date!   Additional points will be deducted from final paper if length exceeds assigned value (instructor to discuss this and make clear with students prior to assigning lab report). 
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Format for Lab Reports
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