Creating and
Analyzing a
Scatterplot
Using Excel

STUDENT LEARNING OBJECTIVES
= )

Students who successfully complete this lab activity will be
able to:

« Construct a scatterplot to visualize the relationship
between two variables; and

« Evaluate the strength and significance of the relationship
between two variables.

\
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Lab 5: Creating and Analyzing a Scatterplot Using Excel

BACKGROUND

Ecologists study the relationships between organisms and other organisms (biotic fac-
tors) or their surrounding environment (abiotic factors). In other words, ecologists study
the link between biotic (e.g., genetic diversity) and abiotic (e.g., temperature) factors (.)r
biotic (e.g., genetic diversity) and other biotic (e.g., predation) factors. Often, ecologists will
construct a scatterplot to visually represent these relationships. Additionally, ecologists
analyze scatterplots using a statistical method called a Pearson Correlation analysis. The
Pearson correlation analysis provides the ecologists a measure of the relationship’s strength
(e.g., weak or strong), as well as a measure of the significance of the relationship. However,
several assumptions must be met in order to use the Pearson correlation analysis. First, the
sample must be normally distributed (e.g., a bell curve). Second, the relationship between
two variables must be linear (y = mx + b), where y is the dependent variable; x is the inde-
pendent variable; m is the slope of the line; and b is the y-intercept.

Today, you will use your data from the natural selection lab to plot a scatterplot and evaluate
the strength and significance of each line using a Pearson correlation analysis.

INSTRUCTIONS—THINK ABOUT YOUR DATA

1. In the space below, list the variables that you plan to use in the scatterplot.

—

2. Where would each of the above variables be placed on the figure?

x-axis =

y-axis =
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Lab 5: Creating and Analyzing a Scatterplot Using Excel

INSTRUCTIONS—CREATING THE SCATTERPLOT

1. Obtain the paper copy of your results from the Natural Selection lab.

2. Open a “Blank Excel Spreadsheet.” = e
i I & B¢
3. Click “File" o 5
on the “File” tab. “ soan 1 i
4. Click on “Save As" and save your Excel X cut
spreadsheet to your W drive or the desk- g B3 Copy -
. 3 t
top using the following format. T & Format Painte
a. Last Name BIO 112 Lab—NS Analysis ___Ciptow?
- IF13 -
5. Click in Cell A1 and type in the name of " '
X : d A ]
our x-axl r \ =
y s variable 1 |Generation
6. In Cells A2 through A9, type in the values 2 0
of your x-axis variable. 3 ;
4 J
a. If you have fewer than seven genera- 5 3
tions, then only enter the data up to 6 4
the last generation completed. ; :‘
7. In Cells B1 through K1, type in the name 9| 7
of your y-axis variables. =
8. In Cells B2 through K9, type in the values FIGURE 51
of your y-axis variables (enter only the
after reproduction values).
BEH S - Lau BIO 11
Pl HOME | INSERT PAGELAYOUT FORMULAS DATA REVIEW VIEW
=S &b Cut E¥Wrap Text {Gener
=~ By Copy ~ _”__
Pa-ste & Format Painter EMWE&%IE’ T s i
___ Cipboard i ot e Alignment &1
4 A B ., c, o € | r NG u Ll oK
1 |Generation Black Blue Brown Green Orange Dark Purple Light Purple Red Yellow White
2 "o 10 100 100 10 10 10 10 10 10 10
3 1 10 12 100 9 12 10 9 8 10 10
4 LI - S S 7.7 1 6
s| 3 3 2 8 S 30 12 5 5 55
6| 4 324 10 5 34 10 3, 30 3 S
7| s 0 29 10 2 38 10 1.0 10 0
8/ 6 o0 3% 8 3 s 2 20 5 0
ol 7 035 1 1 60 .0 0 2 o
FIGURE 5.2
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Lab 5: Creating and Analyzing a Scatterplot Using Excel

9. Place your cursor on the faint, grey line between the A and B in the column heading-
Double click on this line between each column to change the column width. You will need

to complete this trick periodically throughout this lab.

10. Click and hold on Cell Al. Then, drag your cursor to Cell K9 and release. This technique

selects all of your data. You should see a faint, green line around all of your data.
11. Click on the “Insert” tab.

12. Move your cursor above the “Scatter” icon and click. Then, the click the “Scatter with

Smooth Lines and Markers” icon.

300 NOWLWNS, B

BOo-3-s Lau BIO 112 Lab - NS Analysis - Excel
QI HOME INSERT | PAGELAYOUT FORMULAS DATA REVIEW VIEW o
- = i ry Tl e e M fl- = i
'l(—’ LL? % | E Q ;i ,ﬁStom BingMups - g I“i‘!z LA__F _ﬂl
Pivotlable Recommended Table ' Pictures Online . _ Apos - Je Graph Recommended gy _ Pijpeai’ (e
PivotTables ‘ pictures s My Aps - EPeopie Guph TR0 T - | ot *
Tables Hlustratiors Add-ins . ChagScatter arkl
e R e e e i T PR -
! ri X . Generation e PN -
RRENCAF L [ & DD
B _C D

FIGURE 5.3

13. Your figure might look something like the below figure.

e B £ < - e e e

Chart Title

o 8B ¥ E&EEEB

—@— Series]l —@— Serica2 —@— Seriesd —8— Seriesd

ol i85S == Sariesh =@=Series] —8-— Series8

S S
P

2 CRES R ——

FIGURE 5.4
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Lab 5: Creating and Analyzing a Scatterplot Using Excel

14. C i “ 5 -
l.le on the “Design” tab under the “Chart Tools” tab. If your “Chart Tools” tab is missing,
click in the

white space in the figure. The “Chart Tools” tab should reappear.
15. Click on “Switch Row/Column.”

e,
SR
_ Cwarioots
VIEW  DESIGN FORMAT
p— "‘*’- e e ——————— B s s
Tz R < B =-a= STl T
Al S LAA o = N T
e Lo o e v, SwitchRowl Seect  Crarge  Move
— e e Bl Dss Ctlype Chat
GurtSMcs — . Oata Tyre Lora
_.__I i 7}___“ 7‘- - 7[_ _M il = ol Swag the data over the s
2 Red Yellow White] - | Data beng charied on the X 2ms
?__10__'10'__10 . . o will rmowve 1o the ¥ zas and vice
9iie " sl Rt R e
FIGURE 5.5 |

16. Your figure should now look something like the figure below.

e, £ =1 ._ ~ -
Chart Title ]
0 — - — ——— .j
@ Sl
- s 4
1= Ad
)
P 20 -
10
[+3
-4 -10 -
—8—Black —@— Blue —&— Brown —8—Green
—@—Orarge == Dark Purple =@=Light Purple =@=—fRed
i Y eliow - White

FIGURE 5.6

17. Click the “Save” icon (little blue disk at the top left of the Excel screen).

18. Click on the “Chart Title” and Delete. In the space below, explain why we deleted the
“Chart Title.”

19. Now we need to add axis titles. Make sure that the “Chart Tools” tab is visible.

20. Click “Add Chart Element.” A new dialog box should appear.

21. Hover your cursor over “Axis Titles” and then click on “Primary Horizontal” (x-axis).

22. Type in your x-axis title.
23. Follow the same method to add the “Primary Vertical” axis title (y-axis).

B10112 Ecology and Evolution Lab 51
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24. You ma
~alne a){):::(iotgoad]“t the y-axis scale because the y-axis shows negative values 0
inithe right-hand %o DOUbleSth on the y-axis numbers. A new dialog box should appeal‘
i margin called “Format Axis.” Adj 2 ) he
s —— just the y-axis minimum to 0% andt

MO s-o-. S D E—.
HOME  INS “[] Format Axis e
k: AXIS OPTIONS ¥  TEXT OPTIONS
HOE M
2 axsormons .
Bouncy s,
W Axis Titles okl e 0
Maximum 700 Auto
dh Chart Title N ¥ — e
gh Datalabels » K Major {100 | Auto :
B DataToble + P . Mace CI
4 D Harizontal axis crosses.
#i Error Bars v bt
[ @ Autgmatic
# aridlines . Z* e =
d? tegend ’ .?; () Maximum axs value
i Lines . B Display yrits O
LS Trendline . g" ) (" Show display units label on chart B
’ | [] Logarithmic scale ~ Base | 10
&1 Up/Down Bars r.‘ __!'—11‘ [] Values in reverse arder )
SRR | T 1 » 4
FIGURE 5.7 B | FIGURES5.8 A E\

25. Change the “Minimum” value to 0. Change the “Maximum” value to 100.

26. Hit “Enter.”
27. Finally, click once on the horizontal axis lines in the figure. The lines are selected if you

see circles at both ends of the lines.

-——Black —p— Bl -t BrOWR i i 0T t g

—@-Orsngs =@ Dark Purpie —8—Light Purple =8 hed 1 —8—Orarge  —8=Dark Purple ~—@—Light Purple —8— Red cf

—o—Velow  —8—White —ovelow  —8—Whits i

reeer = S y— v ST E—————— 1
FIGURE 5.9 FIGURE 5.10

28. Hit the “Delete” button.

29, Click once on the vertical axis lines in the figure.

30. Hit the “Delete” button.
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Lab 5: Creating and Analyzinga Scatterplot Using Excel
N

E D\ 31. In the space below, explain why both the horizontal and vertical lines were deleted.

32. Click the “Save” icon (little blue disk at the top left of the Excel screen).

33. Your final figure should look something like the below image.

F 1SN S SR § el ~ 7

L i

| & 3

-] b -

50

Ew

% 30 :

4 = #
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- 10 ¢ J

AT

= o i,

0 1 2 3 4 5 6 7 s |

o Generation i__

! i Black —~&—Blue ~—@—Brown i Green i

-8 Crange ~—&— Dark Purple —@—Light Purple —@— Red ‘l“ i

- Yellow = White I

B +p &

—r \

> FIGURE 5.11

34. You can also move the legend and adjust the figure size. Ask your instructor to assist you
with these adjustments.

INSTRUCTIONS—ANALYZING THE
DATA USING A PEARSON CORRELATION

1. Click and hold on Cell Al. Then, drag your cursor to Cell K9 and release to select all of
your data.

2. Hit “CTRL C” to copy the data table.

3. Click on the “Sheet 2" tab at the bottom of the screen.

4. Click once in Cell Al.

5. Hit “CTRL V” to paste the data table into the new spreadsheet.

6. Click the “Save” icon (little blue disk at the top left of the Excel screen).

P
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Lab 5: Creating and Analyzing a Scatterplot Using Excel

7. Click once in Cell A11 and type in Pearson’sr. Q -
a. Pearson’s r provides the strength of the relationship (or correlation) between two

variables. In this example, we will calculate 10 Pearson’s r values—one value per chip
color. Note: Ignore the sign of the Pearson’s r value to determine correlation strength.
i. r 2 0.70 indicates a strong correlation
fi. 0.30 <r < 0.70 indicates a moderate correlation
fii. r < 0.30 indicates a weak correlation
b. The Pearson correlation also provides the direction of the correlation
i. A positive value indicates a positive correlation. In other words, the y-axis vari-
able increases as the x-axis variable increases.
ii. A negative value indicates a negative correlation. In other words, the y-axis
decreases as the x-axis variable increases.
8. We will now calculate Pearson’s r using Excel. The format of the command is technically
=PEARSON(array1, array2)
where the array1 = the x-axis variable and array2 = the y-axis variable
9. First, let’s calculate Pearson’s r for the first color. Click once in Cell B11 and type
=PEARSON(A2:A9,B2:B9)

Note: A2:A9 selects the range of your x-axis variable while B2:B9 selects the range of you
y-axis variable. You should also notice that the range of your x-axis variable is outlined in
blue, and the range of your first y-axis variable is outlined in green (see Figure 5.12).

=PEARSON(A2:AS, B2:B9)

PEARSON o| X v fx
A MO lD B bl S diH s

5 PR QU R |

A
=

4

1 |Generation | Black__IWhite |Red |Green |Blue [Yellow |Orange |Purple |Pink : Brown |
2 0 10| 10| 10 10 10 10 10, 10/ 10 10
3 1 10| 10 8] 9 12/ 10 12 10 9] 10
4 2 7 6 7 70 20 7 25 71 7 7!
5 3 3 5/ 5 5| 22 5/ 30 12 5 8
6 4 3| s/ 3] 5 24/ 3 34 10/ 3 10
7 5 ol "ol o 2f 20/ 10 38 10 1 10
8 6 of o of 3 30 s so 2 2 8
9 7 ol o o 1 35 2 e 1 o 1
10 | | '
11 [Pearson's r =PEAFBON(A2;A?, Bz:lasa ; %
12 4 ]

FIGURE 5.12
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Lab 5: Creating and Analyzing a Scatterplot Using Excel

m 10. Hit “Enter.”

11. Now, calclulate Pearson’s r for all colors. Note that array1 will always be A2:A9, while
array2 will change depending on the color and column.

12. We now need to format all of the decimals to three decimal places.
a. Select all of your Pearson’s r values.
b. Click the “Home" tab.

c. Click on the down arrow next to “General.”
d. Select “Number.”

Home insert Page Layout Formulas Data Review View
. o [ Caliori (Body) =+ li . BCI §
N . (G A A —_— T
- __Av‘.';f?.":' _,,f.. _I'_._!, st - A - -2, ::‘] s 7 “‘."“vaeﬁk'lam ;
B11 | X v fx 095 P
N 123 Num L_
S cC b E [ H 1 J K o Currency §
1 |Generation Black White Red  Green Blue Yellow Orange Purple Pink Brown | _ accounting i
2L 9 10 10 1 10 10 10 w_ w10 ] & sase {
3 o 1 - .ID‘., 10 S HB, R 9_ 12,, ,10_ = _12 ,10_, " 9. —_— 104 F‘-:mnr?::: [_-
4 sl 7.6 144 T Ol o ) 25! n N7 = Long Date 1
s 3 3, 5 s 5 5 30| 12 S| 8 UL eeiseran :
Sl 4 3 5 3 s . 3 3 10 31 0] @fm ]
7 5 9 o o 2. 219 10 38 10 1 10] o percentage L
| - IR SN 0 ™ N O T g i
| Si 7 o o o 173 60, 1 o 17| 1 Fractor i
| 10 i | A i S i T =l i e " [
l 11 |Pearson's r | 0.9517-0.95 0.57] 0972 099 0.664] 0585322 0683 097 -0.589] o !
12 | | ! | :r::; r
| = =S SN CRU—— o | |
| 13 E
I T O s e b e More Number Formats...
15 = i 1 ' . _
FIGURE 5.13

e. Use the two icons below to change the decimal places to 3.

%[Number N 'v]
[81% |58

FIGURE 5.14
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Lab 5: Creating and Analyzing a Scatterplot Using Excel

13. Fill in the first three columns in Table 5.1 below using your calculated Pearson’s r and
the information in 7 a and b above.

:':::E ;:i:e f::;'r:’s;;?-dz; tlhceh:;lsa;i:rnz:Iig:trength, direction, and significanée between the generation and
olor | pewrsonsr | Jomth | viton || St
Black o.94 ‘{_ S o o.o02 Y
Blue -0.45¢GC w - o.\Z8 NV
Brown ~-0.8%79 W = o.oYy Y
Green ~2.45C w - 82|

Orange T o ad - o128 A
DarkPurple |, £ G 4 w - =.133| 4
LightPurple | _ . @ z‘tg r - o.ol(z Y

Red ~2.46F w - o. |03 -
Yellow =Be f T L w i ©-153 V¥
White =B @79 w il ©-o¥2 X

14. Next we need to determine whether or not the correlation is significant.

a. Significance is determined by calculating P or the probability that the correlation was
due to random variation or chance. We set P to < 0.05, which indicates that there is
a less than or equal to a 5% chance that the correlation is due to random variation.

b. If P £ 0.05, then the correlation is significant.

c. If P > 0.05, then the correlation is not significant.

15. There is not an easy way to command Excel to calculate P. We must first convert Pearson’s
r to a t-statistic and then relate that t-statistic to significance. You will learn more about
these terms in your upper-division course (e.g., ecology or biostatistics).

16. We will now turn Pearson’s r into a t-statistic using Excel. We must also calculate the
absolute value (removing negative values) of the t-statistic. The format of the command

is technically

=ABS((Pearson’s r value*SQRT(sample size-2))/(SQRT(1-Pearson’s r*2)))

B10112 Ecology and Evolution Lab

where ABS calculates the absolute value

* is “multiplied by”

A is “taken to the power of”
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Lab 5: Creating and Analyzing a Scatterplot Using Excel

17. Click once in Cell A12 and type Turning r into t.

18. Fir ! ; .
5 st, let’s co.nvert the first relationship (Pearson’s r) into a t-statistic. The sample size
tour study is eight (seven generations plus the starting population). Note: The sample
Size may change based on how many generations you completed.

19. Click once in Cell B12 and type
= ABS((B11*SQRT(8-2))/(SQRT(1-B11"2)))
20. Hit “Enter.”
21. Calculate the t-statistic for all 10 relationships. There is a quick trick.

a. Click and hold the black square at

the bottom right corner of your first 10 |
tastatistic, 11 Pearson'sr 0951 -095¢
b. Drag this box to Cell K12. This trick | 12 !TW"?"&F intot[ 75| 8«
13

will tell Excel to use the same com-
mand but use the corresponding Cells FIGURE 5.15
(i.e., the corresponding Pearson’s r -
values). Check Excel’s work by click-
ing on each cell.

22. Format the t-statistic to one decimal place.
23. Now let’s determine whether or not the Pearson’s correlation is significant by relating
the t-statistic to P.
24. Click once on Cell A13 and type “Is t significant?”
25. We will now relate the t-statistic to a P-value using Excel. The format of the command is
technically
=TDIST(t-statistic, df, 2)

where df is the degrees of freedom, which is the sample size minus two

Two is a two-tailed distribution (you will learn more about this in upper-level classes).

26. Click once on Cell B13 and type
=TDIST(B12, 6, 2)

27. Hit “Enter.” = ’
28. Calculate the P-valu-e for all relationships 11 |pearson'sr 0.951 ;O.SSBE T
and format the decimal to three places. 12 [ Tuming rinto*t r 73 8.05 5

If your p value is reported by Excel as

3|15t significant? [=TDIST(B12, 6, 2

a zero, you should present it in your T [ |
lab report as “p<0.001" because often —
Excel is simply rounding off a very small FIGURE 5.16
number.
/é )
,/'/V
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Lab 5: Creating and Analyzing a Scatterplot Using Excel

29. Your table should look something like Figure 5.17.

A A B Cik .6 H ] s K
1 |Generation — Black  White |Red Green Blue Yellow Orange  Purple FPink Brown
2/ o0 10 10 10 10 10 10 10 10
3 1 10 10, 8 1o 12, 10 9 10
s 2 7 6 7 i 7 7 7
= P B s 3 12 s 8
o 4 3" & _ 3 34 10 3 10
71 s o0 10 38 10 1 10
8 6 0 ) 5 so 2 2 8
s 7 o o 2 6 1 o0 1
10 ‘ ] = ;
11 lpearson'sr | 0951 -0.956 097 0972 099 -0.664 0985322, -0.683 -0.97 -0.589
12 {Tumingrintot 7.5 _3‘,,;0',5;,,,;0'14 143 22 141 23 107 18
13 lIstsignificant? | 0000 0.000' 0.000 0000 0.000 0073, 0000 0.062 0000 0125
wi il

FIGURE 517

30. Fillin the Columns 4 and 5 in Table 5.1 using your calculated P-value and the information

in 14 a through c above.

INSTRUCTIONS—COPY AND PASTING YOUR
FIGURE INTO A WORD DOCUMENT

1. Open a new Word document.

2. Clickin the white space at the bottom left

of the figure.
3. Hit “CTRL C” to copy the figure.
4, Click the “Home” tab.

5. Click the down arrow of the “Paste” icon.

6. Click “Paste Special”

7. Paste a JPEG Picture of your Figure.

INSTRUCTIONS—
FIGURE TITLE

BHS-O-
HOME | INSERT DESIG

'\‘jgé’ Gt Times Ne;-E
i o Copy
Paste’ -
Eiw) «¥ Format Painter BIu
Clipboard 3
Paste (Ctri+V) ‘
Pick a paste option, such as
keeping formatting or pasting only
content. ;

FIGURE 5.18

1. Click below your figure to type in the figure title.

2. In your figure title, answer the questions what, who, where, and when. The figure along

with the figure title should stand alone. I should know what the figure is visually repre-
senting by its looks and description.

3. Follow the format below.

Figure 1. What who where when.

B10112 Ecology and Evolution Lab
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