Analysis Assignment: Biol 404

Goals:

By the end of this assignment you should be familiar with:

· basic editing, graphic and statistical features in Excel

· t-tests and ANOVA  in JMP IN

Whatever your initial state of knowledge, this assignment is designed to teach you something new. If you are already fluent with the software programs, help someone who isn’t. Please fill in tables and provide answers to all questions (given in bold) on the Answer sheet.

Excel Exercise 

***If you haven’t finished this in 1 hour, stop and go onto JMP exercise ****

1. To get on the computer, obtain a username and (temporary) password from your TA. You will want to change the password ASAP. 

2. Open MS Excel.

3. Task 1. The formula for estimating population density from a T-square sampling scheme is:

N = ________n2________


2 Σ (xi) [√2 * Σ (zi)]

where n= number of samples.


xi = distance from random point i to the nearest organism


zi = distance from the organism to its nearest neighbour

Suppose we had collected the following data:

	xi
	zi

	2.2
	4.2

	2.3
	4.3

	2.4
	4.4


Input this data into Excel. Your challenge is to write the formula to calculate N in just one cell. Not sure how to do the sum of a column, square root, etc.? See the Excel Tipsheet at the end of this lab. You will want to make sure that you use parentheses to get the correct order of operations. Question 1: What is N?
Task 2. Your second task is to analyze the results from a decomposition experiment. These are real data from an experiment conducted in Costa Rican bromeliads (a type of epiphytic plant). In bromeliads, aquatic insects consume fallen detritus captured by the bromeliad. The experiment examined the effect of a damselfly larva on decomposition (g detritus lost per 6 weeks). Incidentally, why do you think decomposition is higher without the damselfly? Enter this data, titling the two columns “Without” and “With”:

	Decomposition  without damselfly
	Decomposition with damselfly

	0.0864
	0.0364

	0.1164
	0.0604

	0.1064
	0.0544

	0.1944
	0.1244

	0.1764
	0.0784


7. Calculate the following for each column, record on Answer Sheet (Question 2): 

· Mean, the formula for which is “=Average(cell ref 1: cell ref 2)”. In this formula, cell ref 1 is the cell reference for the first data point in your column (eg A2), cell ref 2 is the cell reference for the second data point in your column (easiest to just select the data series once you’ve typed the first parenthesis).

· Standard deviation, the formula for which is “Stdev(cell ref 1 : cell ref 2)”

· Standard error, which is the SD divided by the square root of the number of observations. The formula for square root is “Sqrt(number)”.

8. Plot a bar graph of the data (that is, of the two mean values). Make sure the dependent variable is on the right axis! (To make a bar graph, select the two means then click the Chart Wizard – the icon on the taskbar that looks like a multicoloured bar graph. Click on “column graph”. In the source data box, click on the “Series” tab: make sure the data reference is correct and enter the cell references for your column headings in the Category (X) Labels space. Follow the remaining steps to completion). 

9. Once you’ve got your two labeled bars, you will need to add SE error bars. This can be done by clicking on a bar, so that the dataseries is selected, and then right-clicking your mouse to get to Format Data Series. In the dialog box, go to the “Y error bar” tab, and select the “custom” option. In the “+” space, enter the cell references for the column SE values. This gives the top half of the error bar. If you wish, you can add the bottom half of the error bar by filling in the SAME cell references for the “-“ space. Note that simply clicking the “standard error” option on this box will not give you the correct error bars!! Think about why.

10. TIME PERMITTING, you will want to play around with the figure a bit (try double clicking on features, or use the right button on the mouse) so that you can achieve a figure with the following publication-ready features:

· only black-and-white, no colour

· white background to everything 

· shaded interior to bars

·  Y axis title

· no gridlines, only major tickmarks 

· no border around the entire “chart area” (not the same as “plot area”)

· no legend (since only one y variable)

For a formal lab, you would want to copy and paste this figure into your Word document. However, for this exercise just make sure you show this bar graph to your TA before end of class.
JMP-IN Exercise.
1. Start JMPIN. You will be in the File page. Select “Create new data table”.

2. Input the decomposition data into the JMPIN datasheet in a single column of 10 rows (NOT in two columns of 5 rows, as before). In the next column over, input a 0 if the corresponding row is without a damselfly, input a 1 if the corresponding row is with a damselfly. Note that you can either type in data, or copy-and-paste them over from the Excel spreadsheet. 

3. There are two types of variables in this dataset. The decomposition data is continuous, as it can take the value of any real number, at least in theory. The column with 0’s and 1’s is nominal (as the 0 and 1 act to signify which group the data is in: 0=without, 1=with; we could have used word labels instead here). Select each column in turn, and change its type to either continuous or nominal as appropriate (you can generally ignore ordinal). Also give your columns titles.

4. Task 1: Checking equal variance between treatments. This should always be done before any parameteric statistics like t-tests or ANOVA. 

· In the main JMPIN  Starter Menu click “Oneway”.

· Drag the response variable (decomposition data) into the “Y, response” box

· Drag the treatment variable into the “X, grouping” box

· Click OK

· In the output box, click on the red arrow next to “Oneway analysis of variance”

· Select “Unequal variances”

· You are given 4 different tests of whether the variances are homogeneous (similar). Hopefully all tests are giving you similar sorts of answers! The null hypothesis for all the tests is that the variances are equal. From this, you should be able to figure out what the displayed p-values mean. Question 3: Are the variances equal between treatments?

5. Task 2: Test differences between means with a t-test. Remember that a t-test and an ANOVA on 2 groups are one and the same thing. To do a one-way ANOVA, backtrack to the red arrow next to “Oneway analysis of variance”. Select “ANOVA/ t-test”. This will display a large amount of information; all you need to record is the t-statistic, the degrees of freedom, and the p-value. Question 4: Is decomposition affected by the presence of the damselfly?

6. Task 3: Randomized block ANOVA. Suppose our decomposition data was collected from adjacent pairs of leaves within the same bromeliad, such that one leaf contained a damselfly, the other leaf did not contain a damselfly. In this case, bromeliad could be considered a block. Add a bromeliad column to your decomposition data as follows (you should already have the first two columns in JMP):

	Decomposition
	Damselfly
	Bromeliad

	0.0864
	0
	A

	0.1164
	0
	B

	0.1064
	0
	C

	0.1944
	0
	D

	0.1764
	0
	E

	0.0364
	1
	A

	0.0604
	1
	B

	0.0544
	1
	C

	0.1244
	1
	D

	0.0784
	1
	E


7. Run a randomized block ANOVA as follows:

· Return to the “Oneway” menu.
· Enter your response variable (decomposition), your treatment variable (damselfly) and your block (bromeliad).
· Click OK 

8. Adding “block” to the design had a cost in terms of using up degrees of freedom from the error term, but it has a benefit in terms of reducing the SS attributed to the error term.

Question 5: What was the cost in terms of df?

Question 6: What was the benefit in terms of SS?

Question 7: Did the costs of including blocks in your ANOVA outweigh the benefits? (hint: consider that changing error df and error SS both affect the denominator of the F ratio for the treatment effect. Did this F ratio change?)
9. Task 4: Two-way ANOVA. Here is some data linking the total biomass of damselflies as a function of bromeliad volume and height above ground (I made up the last column, but the rest is real data). Enter the data. 

	Damselfly total mass (g)
	Bromeliad volume 
	Height above ground

	1.326
	large
	ground

	0.685
	large
	ground

	0.095
	small
	ground

	0.060
	small
	canopy

	0.002
	small
	ground

	0.020
	small
	canopy

	0.347
	small
	ground

	0.083
	small
	canopy

	0.309
	large
	canopy

	0.716
	large
	ground

	1.204
	large
	canopy

	0.816
	large
	canopy


10. Tell JMP which variables are continuous, and which nominal. Do this by clicking on the header for each column, and selecting the appropriate variable type.

11. Normally one should check the homogeneity of variances before doing an ANOVA, but in the interest of time, we will skip this step today.

12. Run a two-way ANOVA on the damselfly mass data, with bromeliad size and height as the explanatory variables, as follows.

· Go to main menu, and select the “Modelling” tab. 

· Enter damselfly mass as the y variable.

· Enter size and height as explanatory variables by clicking the variable and then “add”.

· Enter the size x height interaction by clicking both variables (need to hold down control key on PC/ Apple key on Mac), and clicking “cross”.

13. Look at the output. Copy down the ANOVA table on the Answer sheet, which gives the SS, MS, df, F ratios and p values for the main effects and interactions. Make sure you have got the right values (careful: there are multiple output tables, some giving p-values for the overall model and some giving p-values for the main effects and interaction: you want the latter). Question 8: Is damselfly biomass affected by bromeliad size and height?

EXCEL Tipsheet 

1. Some useful functions
	Format of function
	What it does

	=SUM (A1:A4)
	sum of A1, A2, A3 and A4

	=MEAN (A1:A4)
	mean of A1, A2, A3 and A4

	=COUNT(A1:A4)
	number of data entries in A1 to A4

	=STDEV (A1:A4)
	SD of A1, A2, A3 and A4

	=SQRT(A1)
	square root of A1 (or a real number)

	=LN(A1)
	natural log of A1 (or a real number)

	=LOG(A1)
	base 10 log of A1 (or a real number)

	=EXP(A1)
	E raised to the A1 power (or a real number)

	=2^3
	2 raised to the power 3, or 2 x 2 x 2 =8

	=RAND()
	A random number between 0 and 1


2. Cell references

· If you copy a selection to a different location, the formula references will change by the number of columns and rows you have move. For example, if you copied cell B1 to cell C2 (one cell right, one cell down), and if the formula in B1 read “=A1*2”, then the formula in C2 will read “=B2*2”. The difference in the formulas is also one cell right, one cell down.

· Sometimes you don’t want this attribute. You can stop either the column or row label from changing by putting a $ in front. If in the example above, the formula in B1 read “=$A1*2”, then the formula in C2 will read “=$A2*2”. If the B1 formula read “=A$1*2”, then the C2 formula will be “=B$1*2”. And finally, if “=$A$1*2” in B1, then it will copy as “=$A$1*2” in C2.

· If you want to copy just the value, not the formula, use Paste Special in the Edit menu (or right button) and select Values. 

· Most Excel errors are caused by not double-checking cell references after you copy them. It’s a good idea to make sure the program did what you thought it would!

3. More tricks

· A useful command is the IF command. It’s structure is =IF(test, do if true, do if false). For example “=IF(A1<0, 0, A1)” will convert negative numbers to zero but leave positive numbers untouched. Similarly, “=IF(A1= “fertilized”, “”, B1)” will enter the value of B1 in the cell, unless A1 is labeled fertilized (in which case it enters a blank cell). This is useful for quickly removing data for a particular treatment (in this case fertilized) from the dataset.

· The Data>Sort dialog box is also useful. It will sort all the selected data according to one or more columns (in either ascending or descending order, as you wish). If data is not selected before opening this dialog box, it will not be sorted...be careful.
Biol 404 Analysis Lab: Answer sheet

Question 1: What is N?

Question 2: fill in table

	
	With
	Without

	Mean
	
	

	SD
	
	

	SE
	
	


Question 3: Are the variances equal between treatments?
Question 4: Is decomposition affected by the presence of the damselfly? Any idea why?

Question 5: What was the cost in terms of df?
Question 6: What was the benefit in terms of SS?
Question 7: Did the costs of including blocks in your ANOVA outweigh the benefits? Explain.
Question 8: Is damselfly biomass affected by bromeliad size and height? (as part of your answer fill out table below):

Two-way ANOVA table:

	
	SS
	MS
	df
	F
	p

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Bar graph checked?
