Biology Skills Tool Kit
Excel
The purpose of this exercise is to develop skill using Excel to collate, organize, analyze and present numerical information. Actual skills will include making tables; automatically rearranging data in tables using Sort commands; summing, averaging, and applying other built-in Excel formulas to treat data; writing customized formulas to discover other relationships among the data; using original data or computed values to create graphic representations of the data.

The word “Excel” is use here because it is the electronic spreadsheet you are most likely to find on school computers, perhaps your home computer, or others you may access. The spreadsheet module within AppleWorks can also be used. If you don’t have either of those applications on your own computer already and don’t want to invest at this time, there are other possibilities: free non-Microsoft “Office” software can be downloaded either from http://www.openoffice.org/ or from http://www.neooffice.org/ where you will also find guidance for installing them. They are probably not as bloated with features as Excel, but will have all of the basic features of an electronic spreadsheet.

Electronic Spreadsheet Basics 
Cell: every “box” within the rows and columns of a spreadsheet.

Cell Address: the name of a cell as a combination of its column letter and row number; A1 is the first one in the upper left corner. (see Relative Address and Absolute Address)

Columns: the vertical arrays of cells, each identified with a letter or pair of letters. (A through Z, then AA, AB through AZ, then BA, BB and on to IV) for a total of 256 columns.

Rows: the horizontal lines of cells, each identified with a number from 1 to more than 3000.

Formula: a (usually) mathematic expression entered into a cell that makes calculations based on values entered in other cells and displays the result in that cell. Some formulas are built into the spreadsheet; others can be custom-made. Mathematical formulas always begin with an equal (=) sign. If you must put an equal sign in a cell that is not going to be a formula, precede it with an “feet” symbol (i.e. '=).

Fill command: a powerful tool like an electronic “ditto.” It will copy-paste the same text, number or formula in every selected adjacent cell to the left, right, below or above. It will also adjust the relative addresses of any formulas so that they will behave as written in the first instance.

Relative Address: when a formula that you build yourself (like one that adds a percent bonus to a subtotal) is understood by the spreadsheet as something like “take the number to the right and multiply it by the number two rows up and three column to the right,” it is using relative addresses. If you use the Fill command to apply this same formula to a long list of student scores, unexpected results will be produced unless you also put the same in the same relative position (two rows up and three column to the right) for each student’s subtotal.

Absolute Address: looks like a relative address except for the addition of a dollar sign $ before the column label and before the row label. C7 is a relative address; $C$7 is the absolute address of the same cell. When a formula with an absolute address is Filled >Down or Filled >Right that address is not adjusted, so the calculation will always be based on the value in C7 invariably.

An Example of a homemade spreadsheet to calculate grade point averages
		◊

	A

	B

	C

	D

	E

	F


	1

	Course

	Letter
Grade

	Numeric
Grade

	Units

	Grade
Points

	Term
GPA


	2

	P.E.

	A

	4

	1

	4

	
	3

	HSCI

	B

	3

	2

	6

	
	4

	English

	C

	2

	3

	6

	
	5

	Chem

	D

	1

	4

	4

	
	6

	Math

	F

	0

	5

	0

	
	7

	Subtotal

			15

		1.33


	8

	English

	A

	4

	3

	12

	
	9

	Psych

	B

	3

	3

	9

	
	10

	History

	C

	2

	3

	6

	
	11

	Reading

	D

	1

	3

	3

	
	12

	Math

	F

	0

	3

	0

	
	13

	Subtotal

			15

		2.00


	14

		Cum.

	Total

	???

		???



	
	The first four columns contain entered data. A formula could be written to convert the letter grade to its numeric equivalent, but for this simpler version it’s done manually.

If the formula in cell E2 reads =C2*D2, what does the one in E4 say?

If the formula in cell F2 reads =SUM(E2:E6)/SUM(D2:D6), what do you think the : means? 

What is the formula in F8?

What is the formula in D7?

What is a possible formula to enter into D14 to get the total number of units?

And in F14 for cumulative GPA?


Notice two things the sample spreadsheet shows. 1.) This student got one A, one B, one C, one D and one F in each of the two semesters, but has a different GPA for the two terms. Why is that? What advice would you give this person? 2.) Does the sample look a bit cramped to you? That was to save paper. When laying out a spreadsheet with space for 256 columns and >3000 rows, you can give yourself a little more room than this.

Another example:

	Exam #

	Hours of sleep

	Exam score


	1

	8

	77


	2

	6

	72


	3

	8.5

	82


	4

	5

	74


	5

	9

	87



	Here is some completely bogus, hypothetic data about a student’s exam scores in relation to the number of hours s/he slept the night before. An X-Y scatter plot made from these data by Excel may lead to a logical conclusion.
	
[image: image1.wmf]

	What are some of the strong and weak features of the presumed study, the data chart and the graph produced from it? Replicate the data chart in your own spreadsheet, then select the cells from “Hours of sleep” to “87” and click the Chart Wizard icon —>
and attempt to replicate the scatter plot shown above. Request assistance as needed.
	
[image: image2.wmf]


BioMeasurements and Electronic Spreadsheets

Equipment needed: scale, tape measure, meter sticks

Measure first

Assign a random 4-digit number to identify the following measurements taken from your body:

height, weight, length of hand from the first deep crease between the palm and forearm, length of the ulna (the bone running from the elbow to the wrist bump on the side of the pinkie finger), circumference of the wrist at its narrowest point.

Use these headings in an Excel spreadsheet beginning in row 3, column A: Subject ID, Age (yrs), Sex (M/F), Height (cm), Weight (kg or lb), Hand (cm), Ulna (cm), Wrist (cm). For each of the people in your group enter the 4-digit ID in column A of row 4 or below and their data in the appropriate columns of that row. If a scale reading in pounds is used we can let Excel do the conversion for us by Inserting a new column to the right of the Weight (lb) column and entering this formula (without the brackets) in E4: [=D4/2.2]. Then select that cell and all the cells below it in the same column and select from the Edit menu Fill > Down to put the same formula and convert all the other weights from pounds to kilograms.

When your group’s data is complete bring your MacBook to the instructor’s computer and transfer the data to his/her computer. Once a data table for the entire class is assembled, we will consider several ways to distribute it to everyone: simplest and most tedious would be to project the table to the screen for everyone to copy; using a “flash drive” (Do you have one of your own? If you did, you could take your own copy home to play with later.); burning a disk to pass around; what other ways can you think of? Make a list; it’s good to have options to choose from.

What relationships do you think might exist fairly consistantly between any of the measurements you have collected? Is there a constant ratio between the length of a forearm (ulna) and the length of a hand? (i.e. Is everyone’s ulna 1.46 times as long as his hand, or is that just me?) Is there a constant ratio between overall height and the length of one’s ulna (e.g. 6.55:1?) If you knew one of the measurements for a person, do you think you could predict with any accuracy what any of the other measurements might be? Do you think some combination of two measurements could make the prediction of a third one more accurate? If you wanted to predict weight from linear measurements, which of those you have taken would you use? If you found a fossilized leg bone, could you predict it’s former owner’s height, walking speed, metabolic rate? O.K., not yet, but you can see where predictions might take you, if you could establish that such measurements are consistant. Making lots of measurements would help; Excel can assist in keeping the records and finding the consistant correlations.

Look at your data. Do you see any patterns yet? Try computing some of the ratios: divide one value by another; it doesn’t matter if you divide the larger one by the smaller or vice versa (to say “the first thing is 25% longer than the second” is describing the same relationship as saying “the second thing is 80% as long as the first”). Start with saying it however is more comfortable for you, then be willing to stretch to seeing it and saying it the other way as well.

Review the process for instructing the electronic spreadsheet to generate a scatter plot from two columns of data and select some appropriate data series to graph. Notice if the relationships become clearer for you. Can you account for any data points that seem out-of-pattern? Is something else going on that you can think of?

	Student
#

	Hours of
Sleep

	Score on
exam 3


	1

	8.5

	82


	2

	4.5

	60


	3

	7.2

	60


	4

	8

	73


	5

	8.4

	82


	6

	8

	64


	7

	8.4

	91


	8

	7.4

	92


	9

	6

	67


	10

	7.4

	76


	11

	7.6

	74


	12

	7.2

	81


	13

	8.5

	67


	14

	6.6

	72


	15

	6.2

	57


	16

	9

	62


	17

	8.1

	55


	18

	7.5

	79


	19

	8.1

	84


	20

	7.6

	81


	21

	8.3

	75


	22

	8.1

	78


	23

	6.9

	58


	24

	6

	83


	25

	6.8

	69


	26

	7.5

	73


	27

	5.5

	68


	28

	7

	76


	29

	7

	84


	30

	8.5

	94



	
	
[image: image3.wmf]
Contrast your critique of those features of the “study” of one student’s scores on five different exams as a function of sleep the night before with a similar assessment of these data and the plot above. How would you redesign the experiment to eliminate any flaws you noticed?
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		9



Hours of Sleep & Exams Scores

Hours of Sleep before Exam

Score on Exam

77

72

82

74

87



Sheet1

		Course		Letter
Grade		Numeric
Grade		Units		Grade
Points		Term
GPA		Total 
Units

		P.E.		A		4		1		4		1.33		15

		HSCI		B		3		2		6

		English		C		2		3		6

		Chem		D		1		4		4

		Math		F		0		5		0

		English		A		4		3		12		2.00		15				=43

		Psych		B		3		3		9

		History		C		2		3		6

		Reading		D		1		3		3

		Math		F		0		3		0

																		Student #		Hours of Sleep		Score on exam 3				Exam #		Hours of sleep		Exams scores

		Hours of Sleep																1		8.5		82				1		8		77

																		2		4		60				2		6		72

																		3		7		60				3		8.5		82

																		4		8		73				4		5		74

																		5		8		82				5		9		87

																		6		8		64

																		7		8		91

																		8		7		92

																		9		6		67

																		10		7		76

																		11		7		74

																		12		7		81

																		13		8		67

																		14		6		72

																		15		6		57

																		16		9		62

																		17		8		55

																		18		7.5		79

																		19		8		84

																		20		7		81

																		21		8		75

																		22		8		78

																		23		7		58

																		24		6		83

																		25		7		69

																		26		7.5		73

																		27		5.5		68

																		28		7		76

																		29		7		84

																		30		8		94
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Score on exam 3

Hours of Sleep Before Exam

Exam Score (%)

Score on exam 3 and Hours of Sleep
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Score on exam 3

Hours of Sleep Before Exam

Exam Score (%)

Score on exam 3 and Hours of Sleep
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Sheet1

		Course		Letter
Grade		Numeric
Grade		Units		Grade
Points		Term
GPA		Total 
Units

		P.E.		A		4		1		4		1.33		15

		HSCI		B		3		2		6

		English		C		2		3		6

		Chem		D		1		4		4

		Math		F		0		5		0

		English		A		4		3		12		2.00		15				=43

		Psych		B		3		3		9

		History		C		2		3		6

		Reading		D		1		3		3

		Math		F		0		3		0

																		Student #		Hours of Sleep		Score on exam 3				Exam #		Hours of sleep		Exams scores

		Hours of Sleep																1		8.5		82				1		8		77

																		2		4.5		60				2		6		72

																		3		7.2		60				3		8.5		82

																		4		8		73				4		5		74

																		5		8.4		82				5		9		87

																		6		8		64

																		7		8.4		91

																		8		7.4		92

																		9		6		67

																		10		7.4		76

																		11		7.6		74

																		12		7.2		81

																		13		8.5		67

																		14		6.6		72

																		15		6.2		57

																		16		9		62

																		17		8.1		55

																		18		7.5		79

																		19		8.1		84

																		20		7.6		81

																		21		8.3		75

																		22		8.1		78

																		23		6.9		58

																		24		6		83

																		25		6.8		69

																		26		7.5		73

																		27		5.5		68

																		28		7		76

																		29		7		84

																		30		8.5		94
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