Graphing and Statistic Guide

The following guide provides step-by-step instructions with picture guides for foundational graphing and statistics in Excel. While the specific interface, version of Excel, and operating system you use may be somewhat different from those used to produce this guide, the core functions are likely similar. If there are differences between the interface you interact with and the guide instructions, remember that Google has all the answers to based data sheet management questions no matter what version of Excel you’re using! A key skill for all scientists is to be able to solve problems in procedures using outside information often gathered from the internet so we can consider this a realistic experience with science!

Line Graphs
Line graphs are used to track changes in a continuous variable over time. For example, consider the data showing changes in seagull population size over time. 
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Description automatically generated]
To begin, highlight only the data for the dependent variable (in this case, population size) without highlighting the column title. Once you’ve highlighted the appropriate data, click on the Insert tab and select the line graph option.
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Description automatically generated]
Excel will automatically generate a graph that looks like this:
[image: Chart, line chart

Description automatically generated]
Our first edit is to change our x-axis labels to reflect the year in which the data was collected. Right click anywhere on the figure to pull up an editing menu and click the ‘Select data’ option.
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Description automatically generated]
This will call a Select Data Source pop-up. Click the Edit button under horizontal axis labels (see next page for pictures). Another pop-up called Axis Labels will appear. Highlight only the data for the time series excluding the column header and then click OK (see pictures on next page). Select OK on the Select Data Source pop-up and you’ve added years to your x-axis!
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Description automatically generated]
Now we need to add a title and axis labels. Click on Add Chart Element and add a chart title and x- and y-axis labels.
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Your completed figure will look like this:
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Trendlines
Finally, scientists often use lines of best fit, or trendlines, to determine the relationship between time and a dependent variable.  In our example, we want to understand how seagull population size has changed over time.  You can add a line of best fit to the line graph by right-clicking on the line, going to “Add trendline,” and making sure that the linear option is selected (see below).  Remember to check the “Display equation on chart box” to show the equation of the best fit line you’ve added. 
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Once you’ve added your line of best fit and added the chart and axis titles, your line graph should look something like the one below. The equation of your trendline provides you with important information about the relationship between your two variables. Of particular importance is the slope of your line. The slope tells you how much your dependent variable changes per unit time increase of your independent variable. In our example, we can see seagull population declined by roughly 58 birds per year (derived from the slope of the line).
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An important note about organizing temporal data for line graphs and trend lines:
Climate scientists often use long-term data sets to determine how variables like temperature, precipitation, and associated biological variables have changed over time. The most common way to plot temporal data like these is to use a line graph. Scientists can them use a trend line to determine the rate of change in the variable over time. There are several important considerations in organizing temporal data to ensure that the rate of change is calculated accurately. First, the time series must be organized from the earliest to latest time points to avoid misordered data effects. Second, if any time points are missing, they must be included in the data as a year with a missing data point rate than simply deleted. This treatment of the data as mising ensures that the rate of change in your variable is calculated over the correct period of time rather than artificially shortening the time period by deleting the time point with the missing data.





















Bar Graphs
Bar graphs are useful for categorical data that can be organized into two or more groups. The first step in any data analysis is organizing your data in a logical way. The example data we’ll use compares the total number of bird species on islands classified as either large or small. Eight total islands are shown in the table with four large and four small islands. 
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While the individual data points for each island are interesting, we’d like to depict the average number of birds based on island size in our graph. For that, we first need to do some basic statistics: means and standard deviations. 
A mean is simply the sum of all numbers in a group divided by the total number of samples and can be easily calculated in excel. Simply type the formula as below (=AVERAGE(cell:cell)) and highlight the cells with values that you would like to average. Hit enter once your formula is complete and the mean will be displayed. (See images on next page)
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Next, we need to calculate some estimate of how representative the mean is of the individual data points in each group. For example, the average of 1, 1, 1, 100, 100, and 100 is 50.5. However, 50.5 isn’t a particularly accurate reflection of any of those individual data points. To estimate the spread of individual data points around the mean, we calculate standard deviation as shown below. As with the mean, simply type the formula (=stdev(cell:cell)), highlight the relevant cells, and hit enter.
[image: Graphical user interface, application, table, Excel

Description automatically generated]
[image: Graphical user interface, application, table, Excel

Description automatically generated]

To show how much variation there was about the mean, scientists usually plot standard error bars. Standard errors, much like standard deviation are just another way of quantifying spread in the individual data points. A handy rule of thumb is that non-overlapping standard error bars usually mean two groups are significantly different from each other. Next, we’ll calculate the standard errors that will go on our bar graph!
While there’s no automatic formula for standard errors in excel, we can calculate them really easily. The formula for standard error is:
	=STDEV(cell:cell)/(SQRT(COUNT(cell:cell))
The image below show the calculation for the standard error of the total number of bird species on large islands.
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Once we calculate both standard errors, we’re ready to move onto the next step!
Check with the picture below to make sure you’ve done the calculations correctly.
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You can learn more about the differences between standard error and standard deviation at this link: https://statisticsbyjim.com/basics/difference-standard-deviation-vs-standard-error/. 
Now that we’ve calculated some basic statistics for each of the test groups, we can plot our data in a graph. Excel has lots of ready-made graph options all of which can be found under the “Insert” tab under “Charts” including bar graphs. (called column charts in Excel when the bars are oriented vertically) as shown below. 
First, select the data that you’d like to graph. I’ve highlighted both the group means and the group categories and excel will automatically label the columns on my graph accordingly.
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Once I click the chart option I want, excel automatically produces a basic, unfinished graph with no error bars and lacking important axis labels. 
Next, we need to add error bars to show our measure of spread, standard deviation, on the graph. Click anywhere on your chart to pull up the “Chart tools” tab. Under “Design,” you’ll see “Add chart element.” Clicking on it brings up a list of options. Click “Error bars” and then “More Error Bar Options.” 
A side pane will pop-up: select “Custom” and then “Specify Value.” (see below)
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Another pop-up will appear that allows you to select the appropriate values for your error bars. Click the funny looking button to the right of the “Positive Error Value” cell, highlight both of your standard deviation values, and then click to funny looking button again. Repeat this exact same process for the Negative Error Values and then hit “OK.”
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Voila! You now have error bars on your graph!
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 Alas, our work isn’t quite finished yet. We still have no title and lack axis labels. Thankfully, that’s easily remedied! 
Click on Add Chart Element and add a chart title, x- and y-axis labels, and a legend if needed.   
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T-tests
In our example of categorical data above, we looked at the relationship between island size and the total number of bird species found on the island. Now we ask, are the total number of bird species found on large vs. small islands significantly different from each other or are they relatively similar? The bar for the large islands looks bigger than for the small islands, but the standard deviations are also pretty big… How can we objectively determine whether the two groups differ from each other?
Meet the t-test. T-tests are used to compare two means while integrating information about sample sizes and spread of the data about the mean of each group. 
To perform a t-test, Excel will calculate a value called a t-statistic. Take a look at the formula for the t-statistic below. Essentially, the t-statistic answers the question, “How certain are we that these groups are truly different from each other based on how different the means are, how much the individual data points vary in each group, and how big the sample size is.” 

Or, put in words:


We’ve already calculated the means and we know the sample size for each group is four. The last thing Excel will calculate for the t-test is the variance. Variance is simply another measure of the spread of the individual data points about them mean. While excel will do this automatically, you need to calculate it yourself to select the appropriate t-test type. Use the equation (=VAR(cell:cell)) to calculate the variance for each group. (You can learn more about the similarities and differences between standard deviation and variance at this link: https://www.mathsisfun.com/data/standard-deviation.html).
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To perform a test in excel, we’ll use the T.TEST function. In a cell near your data, type =T.TEST( 
This will call the t-test function which has four elements: array 1, array 2, tails, and type. Each element is defined below and will be describe in greater detail later.
Array 1 = the data for your first group
Array 2 = the data for your second group
Tails = whether you predicted a directional difference or any difference between groups
Type = whether your groups had equal or unequal variance.
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After entering the formula, select the data for your first group (shown below). Once range appears, enter a comma.
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Next, select the data for your second group (show below). Once the range appears, enter a comma.
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Next you need to determine the ‘tails’ of your test. If you hypothesized that there would be a directional difference between your group (i.e., large islands will have more bird species than small islands), your test is 1- tailed. If you hypothesized that your two groups would be different, but you weren’t sure in which direction, your test is 2-tailed. Since I hypothesize that there will be more bird species on larger islands than smaller islands, I’m doing a 1-tailed t-test.
Enter a 1 and then a comma (see below).
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Finally, we determine the type of t-test based on variances in your group. If your variances are similar, select ‘Two-sample equal variance’ and if your variances are quite different, select ‘Two-sample unequal variance.’ A general rule of thumb is that if your larger variance is within 4 times the value of your smaller variance, they are similar enough to use an equal variance t-test. For example, if your smaller variance is 42 and your larger variance is 136, since 42*4 = 168 and 136 < 168, you could use an equal variance t-test. (You can learn more about equal variance assumptions in various statistical tests here: https://www.statology.org/equal-variance-assumption/.)
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Once you’ve entered your type, add end parentheses and you’re done! The t-test will produce your p-value.
P-values, or probability-values, provide an estimate of how confident we are that the difference observed between groups is real and not simply due to random chance. A very low p-value, for example 0.01, means that there is only a 1% chance that your results are due to random chance and that we are 99% confident that the difference between groups is due to some true difference between treatments. In contrast, a very high p-value like 0.5 means there’s a 50% chance that our observed difference between groups is due to random chance. In this case, we say that there is no significant difference between groups. 
Scientists tend to be rather cautious about saying that groups are significantly different from each other. Typically, scientists require that a p-value be 0.05 or less for two groups to be significantly different from each other. Everything above p = 0.05 typically is classified as not significantly different.
Our p-value for this test is 0.004. This p-value indicates a very low probability that the difference in bird species number between large and small islands is due to random change. Thus, we conclude that large islands have significantly more bird species than small islands on average.
[image: Graphical user interface, application, Word

Description automatically generated]



image6.png
© Comments

File  Home Insert  Pagelayout  Formulas  Data  Review View Help  Design  Format
e - .
Chart Layouts Chart styles
a2 - R
A 8 c ) 3 3 G H ] s
Seagull Population Size
a70] Chart Title
|| AxisLabels 7
Axis label range:
|| [=sheetzisaszisast = 1967, 1968, 5.
[ Cancel
&0
00
20
3
197 1968 169 197 1971 1972 1973 197 1975 1976

| 1044 AM





image7.png
BHS @ = Bookl - Excel CHARTTOOLS. 7 = - x
FALE HOME  INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  ACROBAT DESIGN  FORMAT Sign in
i ‘ = = (&)
Quick  Change I = ._! | - Bal. SuitchRow/ Select  Change  Move
Layout~ Colors~ Column  Data  ChartType Chart
U Ases , Chart styies Data e Location ~
L P : ™
vimary Horizontal
& ChoTide » | = v -
N o 3 F G H 1 ) K L M N o 2 Q [4
d5 Datalabels > =
Uil Primary Vertical _Group _ Mean # of bird species Standard Dev
i DateTable > Large } 115} 25.25866188
th ErorBars v | More /s Tite Options smait__[ s51.75] 21.21909517
B Gudines > 1s
i Legend , 100 +
ES) Comparison of Bird species count on islands of
a0 Lines
. 2 I
L Tendive > z differing size 7
a1 Up/Down Bars 37 180
- 10 Y
1 10
12 100
3 50
I ©
15 o
16
= Y
18 o
o Lorge Small
E
2
2 u
E)

COUNT:4  SUM: 16 M o-————+ 1%

517PM
1/5/2016





image8.png
Changes in Seagull population Size with Time

1400
1200
1000
800
600
400
200
0

Population Size

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
Year




image9.png
AutoSave

Fle  Home Insert  Pagelayout  Formulas  Data  Review View Help  Design  Format 0O Search & Share T Comments
KA ab, G ) ) = | = <
ﬁﬂé KA 2 General E B ESB=E ;5 S %
Paste 7 A Insert Delete Format Find &
Ty [BIU-[H-[a-A & $-% T O Cear Select~
Clipboard s Font Aignment Number stytes celis diting Ideas ~
Chart4 e fo v
A 8 c ) 3 3 G H ] K L M N o [+ .
1| Year  Seagull Population Size Format Trendline vox
2| 1967 176 Changes in Seagull population Size with Time + Trendiine Options
3| 1068 1083 Lo
4| 1989 2 " & O
5| 197 934, 1200
o un w | o v et 0 2 =
4 H Polynomial  Order 2
7 1n 63 2 o
s 17 725 $ . r—
o wm 10 LR y=-58.380%+ T
10 197 2 | € wo Mg peiod 2
1] 197 648 2
2 X Trendline Name
Bl 1967 1968 1963 1970 1971 1972 1973 1974 1975 1976 ) Automatic Linear (Series1)
il Year Custom
15
o Forecast
Tl Forward 00| period
18] Backward 00| period
19 Set Intercept
20
S isplay Equation on chart
2| Disploy R-squared value on chart
a < v
| sheeti | Sheet2 < »
Ready





image10.png
Changes in Seagull population Size with Time

1400
1200
1000
800
600
400
200
0

y =-58.382x + 1198

Population Size

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
Year




image11.png
BHS @ = Bookl - Excel 7@ -
EEl HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVEW  VIEW  ACROBAT Signin

ET . , N S Avosum - A
ﬁg@co . calir oA A BB A . Ay #
Paste i BIu- Merge&uCenter = § « % » 53§ Conditional Formatas Cell  Insert Delete Format Sort& Find &

" Fommat Painter Formatting~ Table~ Syless = e r & Fiters seecs
Gipboard 5 Font 5 Aignment 5 wme 6 syies cets ating ~

oo BwapTet Genenl -

= -

A 8 c [ E F G H 1 ) K L M N o [ Q [=

Island class Total number of bird species Group  Mean # of bird s Standard Dev
Large. 152 Large.

1
2

3 |Large 97 small
4 |Large 15

5 |Large 100
[
7
8
9

small
small
small

4838

small

Page Break Preview ENEFSTS

M





image12.png
BHS & - Bookl - Excel ?7 @ x

FALE HOME  INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  ACROBAT Sign in
X w kK P [ 2 Y Saewmc Ay g

base DO 4§ Conditonsl Formatas Coll | Tnert Delte Format | 0" Soter Fnda

T romatpaimer | BT 8T IE ” Merge & Center - | $ P10 ormating - Table Styles+ | - LClears e Select~
Clipboard 5 Font Alignment Number stes celts Editing ~

e - X  Jfv =averace(s2es) v
A B [ D E F G H 1 J L ™M N o 3 Q [4]

1 Jisland class Total number of bird species Group  Mean #of birds; Standard Dev

2 |Large 152 Large \VERAGE(E25:)

3 |Large 97 small

4 |Large 115

5 tage | 100]

6 |small £

7 |small 7

& |small £

o |small 7

10

1

12

3

I

15

16

7

18

19

E

2

2 u





image13.png
BHS @ = Bookl - Excel 7@ -
EEl HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVEW  VIEW  ACROBAT Signin

ET . , N S Avosum - A
ﬁg@co . calir oA A BB A . Ay #
Paste i BIu- Merge&uCenter = § « % » 53§ Conditional Formatas Cell  Insert Delete Format Sort& Find &

" Fommat Painter Formatting~ Table~ Syless = e r & Fiters seecs
Gipboard 5 Font 5 Aignment 5 wme 6 syies cets ating ~

oo BwapTet Genenl -

e -

A 5 c o 3 F G H 1 ) K L M N o 2 Q [4
1 [Island class Total number of bird species Group  Mean # of bird species Standard Dev
2 |Large 152 Large | 16

3 |Large 97 small 5175

4 |uarge 1s
5 |Large 100
5
7
s
o

small
small
small

4838

small

M o-————+ 100%

511PM
1/5/2016





image14.png
BHS & - Bookl - Excel ? @ - x

FILE HOME  INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  ACROBAT Signin
X w kK P [ 2 Y Saewmc Ay g

base DO ; 4§ Conditonsl Formatas Coll | Tnert Delte Format | 0" Sotét Finds

T Fomatpamer BT L[ O0 A Merge & Center - | $ P10 ormating - Table Styles+ | - LClears e Select~
Clipboard 5 Font Alignment Number stes celts Editing ~

F2 - X o fo | =stdev(s2as) v
A B [ D E F G H 1 J L ™M N o 3 Q [4]

1 Jisland class Total number of bird species Group  Mean # of bird species Standard Dev

2 |targe 152] large | 116[=std

3 |Large 97 small 5175

4 |Large 115

5 tage | 100]

6 |small £

7 |small 7

& |small £

o |small 7

10

1

12

3

I

15

16

7

18

19

E

2

2 u

E)

511PM
1/5/2016




image15.png
BHS @ = Bookl - Excel 7@ -
EEl HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVEW  VIEW  ACROBAT Signin

ET . , N S Avosum - A
ﬁg@co . calir oA A BB A . Ay #
Paste i BIu- Merge&uCenter = § « % » 53§ Conditional Formatas Cell  Insert Delete Format Sort& Find &

" Fommat Painter Formatting~ Table~ Syless = e r & Fiters seecs
Gipboard 5 Font 5 Aignment 5 wme 6 syies cets ating ~

oo BwapTet Genenl -

Fa -

A 5 c o 3 F G H 1 ) K L M N o 2 Q [4
1 [Island class Total number of bird species Group  Mean # of bird species Standard Dev
2 |Large 152 Large | 116 25.25866188
3 |Large 97 small 5175 21.21909517
4 |uarge 1s
5 |Large 100
5
7
s
o

small
small
small

4838

small

M o-————+ 100%

512PM





image16.png
@ Actosave @ o) [H] Book! - Excel P search Gaingervoak kelent. @) & - B X
File  Home Insert Draw Pagelayout Formulas Data Review View Automate Help JMP Nitro Pro  Accessibility Reminder | © comments | ([[EREES
9~ ﬁ X ] 3~ /O 0
C e B - E Fnaa
- - = o~ Select v
Undo | Clipboard 1w Font Alignment Number Styes cells Editing Analysis | Sensithity v
B2 ~ X / fr  =STDEV(B2:B5)/SQRT(COUNT(B2:BS)) v
A 8 C | COUNTivaluet, [value2],..) F G H ) K L M N ° P a
1 |island Class Total number of bird species Group Mean #bird species Standard Deviation Standard Error
Large 1521 large 116" 25.25866133) )
3 Large 97t small " 51757 21.21909517
4 |Large 115!
S large | 100}
5 |small E
7 |small 7
2 |small £
o |small 7
10
1
2
13
14
15
6
7
18
i
20
2
2 v

Point T Accessibility: Good to go.

Sheetl ®

Q search





image17.png
@ Actosave @ o) [H] Book! - Excel P search Gaingervoak kelent. @) & - B X
file Home Insert Draw Pagelajout Formulas Data Review View Automate Help JMP NiroPro Accessibilty Reminder (= comments |
9~ ﬁ X (Cattri I A A . @ [General  +| [ Conditionsl Formatting > B Insent ~ | X 97 /O @
paste 1B s 1 T, AL $ v % 9 [FEFomatas Table - 2 Delete ~  Sotd Fnd& | Anyze
S U-E oA o v [Ejformat~ | &~ Fiter~ Select~  Data
Undo Clipboard 15 Font & Alignment & Number & Styles Cells Editing Analysis | Sensitivity v
610 . £ v
A B c D E F G H J K ||s
1 [1sland Class Total number of bird species Group  Mean #bird species Standard Deviation ~ Standard Error
2 |large 152 large 116" 25.25866188 12.62933094
3 |Large 97 small " 51757 21.21909517" 10.60954759
4 Large 115
5 |Large 100
6 small 33
7 small 79
8 small 58
9 small 37
10|
11
12
13
14
15
16
v

Sheetl

Ready 17 Accessibility: Good to go.

Q search




image18.png
BHS &= Bookl - Excel ? @3 - x
FALE HOME  INSERT = PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  ACROBAT Sign in
9 - . WINE- & = = 4 T cquation -
5 B E oldy e & alp LRIy Fw & L - Qo
Pl Rcommended Tote it O | a1 Recommendes ottt | pows | e Gaumn o | S Tim| k| et s
Bt s o e i Ko i et
P B e p—— -
; F—

A 3 c ) 3 . copare e e e ) K L ™ N ° 3 Q 1
1 Island class Total number of bird species Grou Mean # of bird speci 2
2 targe 152 Large. 7. Click the arrow to se the different
3 e w o et w sk
4 |Large 1s oJEREEL o cecs preview in your document.
< uarge w
6 |Small 33
7 |small 79
8 |small 58
9 |small 37
o
.
-
-
.
-
.
o
e
.
B
B
= i
-

AVERAGE:83375 COUNT:4  SU| M o-————+ 1%

514PM
1/5/2016





image19.png
& Adosae

| & =

i) [ Bookt - Bxcel

P search

Home nsert Draw Pagelayout Formulas Data  Review View  Automate

Help

Gaingervoak kelent. @) & - o

JMP  Nitro Pro  Accessibility Reminder  Chart Design

Data

Format. | © comments | (5]

an )

Pa

N A T R e RS E=F | ol e
[lement »| Layout +  Colors ~ —— ° " Column
ih Axes > Chart Styles Data
il pdsTies > e
§ chenTie >3 c o 3 3 s H s X L M N o
1 ofbirdspecies  Group Mean # bird specie Standard Deviatio Standard Eror
2 i Datalsbels > 152 oge 7 1167 2525865188 1262933008
3 El sman 51757 2121909507 1050954759
s+ [ DataTable > 115
s
ErorBars >
o b None +
7 Gidines >
s 7|
2 b7 Legend b Standard Error
o > v
n
12 Trendine > Percentage
3
1 >
15 Standord Deviation
16
" -
1 More Eror Bars Options.. | ge -
19
2
2
2
)
2
2
2
z
Sheet1 ®  ———————

Ready

T Accessbilty Invstigate

Q search

i B§

Change  Move
ChartType  Chart

Type | Location

Format Error Bars

Error Bar Options

 Vertical Error Bar

Direction

I ® Both

o OMins
T Plus
End Style

| Otoca

T ®cw

Error Amount

hare

v

© Fixed Value (200

Percentage

>




image20.png
BHS @ = Bookl - Excel CHARTTOOLS. 7 = - x
GEBl HOME INSIRT  PAGELAYOUT  FORMULAS  DATA  REVEW  VIEW  ACROBAT  DESIGN  FORMAT Signin
T~ — = @
Add Chart Quick  Change I = ._! | - e 1. SwitchRow/ Select | Change  Move
Element~ Layout~  Colors~ Column  Data  ChartType Chart
Chart Layouts Chart styles Data e Location -
chats v S
A 3 c ) 3 F G H 1 K L =
1 [Island class Total number of bird species Group  Mean # of bird species Standard Dev Format Error Bars X
2 Large 152 Large 1167 2525866188 ERROR BAR OPTIONS +
3 |Large 97 small 51757 21.21909517
4 |targe 115 & O
5 Large 100
6 |small 33 + © Both =
o = Chart Title 1
& small s8 140 2 o O
9 'Small 37
)
10 Y T Plus
100
u End Style
2 w
3 | Oecw
14 &
O
15 w0 T »
16
o » Error Amount
18 o Eixed value 20
19 Large Small Percentage. 50
o Standard 5
21 devation(s)
2 U Standard error
23 = ® Custom Specify Value

COUNT:4  SUM: 16 M o-————+ 1%

515PM
1/5/2016




image21.png
BHS @ =
HOME  INSIRT  PAGELAYOUT  FORMULAS DATA  REVIEW  VIEW  ACROBAT | DESGN | FORMAT signir

1 - Exc

CHARTTOOLS.

e @ o = = i | [
Add Chart Quick | Change i | B 5 H = Switch Row/ Select | Change | Move
Element - Layout - | Colors Column  Data | ChartType | Chart
Chart Layouts Chart styles Data e Location -
D2 -] Sr | arge
A 3 c ) 3 F K L =
1 [Island class Total number of bird species Group  Mean # of bird species Standard Dev Format Error Bars x
2 large 152 Large T 1167 25.25866188
B B i v Positive Error Value ERROR BAR OPTIONS
3 |Large 97 Small 51757 21.21909517 &
] =
4 Large 15
. eosineErrvae O Qo
5 Large 100
6 small E5) = T ©pw =
7 Small 79
& |small s8 140 o O
9 'Small 37
)
10 T Plus
100
u End Style
2 w
3 | Omecw
14 &
O
15 w0 T »
16
o » Error Amount
18 o Eixed value 20
19 Large Small Percentage. 50
o Standard 5
21 devation(s)
2 U Standard error
23 = ® Custom Specify Value

AVERAGE:83375 COUNT:4  SU|

515PM
1/5/2016





image22.png
Fle  Home

LT

Chart Layouts

G2 v
A

Island Clas Total number of bird species.

1
2 |large
3 |large
4 |large
5 |Large
& [smail
7 [small
5 small
5 [small

Insert  Draw

%

5

152

o7
15
100

)
7
E

Sheet! ®

Point

20°F
Heavy rain

a

T Accessbilty Investigate

Page Layout

Formulas

o 3
Group  Mean # bird st
Lorge "

smail "

Data

51757

Review View Automate

Chart styles

: :
pectncarapevo'

118" 2525886188

st

Help

e

Q search

JMP  NitroPro  Accessibility Reminder  Chart Design
‘Custom Error Bars X
Positive Error Value
=Sheet115G52:5G53 *
Negative Error Value
=t} EY
B

Format

| & comments

I G4

Type | Location

Error Bar Options

End Style

| Otoca

T ®cw

Error Amount

Fixed Value
Percentage

Standard
Deviation(s)

Standard Error

® Custom [specty Yatue

EELY

3/3/2023

&) =@





image23.png
@ Actosave @ o) [H] Book! - Excel P search Gaingervoak kelent. @) & - B X
File  Home Insert Draw Pagelayout Formulas Data Review View Automate Help JMP NitroPro  Accessibility Reminder ~ Chart Design  Format | © comments | ([[EREES
= = = 7 il =)
& @ SRR B i
P B Bl B Bl s cme | ol
Element ~ Layout~  Colors v — ®  Comn Data | ChatTpe  Chart
Chart Layouts Chart styles Data Tpe  Loation v
chartl v i
A 5 c o 3 3 G H ) X LM o ra
1 [isand ClasTotal number of bird species _Group _[Mean # bird speciJstandard Deviatio Standard Error Forel Erer BEs Y %
2 llorge 152 [ a 25258561887 1262033084
5 |targe o7 sisl 2121009517” 1060954759 BT @S
4 |targe 115
5 Large w0 Qo
o H +
7 (smail B @
o [smait s &/ A
5 (smal E
o . 4
b -
2 o End Style
13
= w NoCap
i L
s ® ca
It . T @
18 e =
3 Error Amount
2 Eixed Velue
2
2 Percentage
= Standard
2 Deviation(s)
2
= Standard Error
Ed o ® Custom
Sheet! ®  ———————— >

T Accessbilty Invstigate

Q search




image24.png
Mean # of bird species

Comparison of Bird species count on islands of

differing size
160
140
120
100
80
60
40
20
[
Large Small

Island Size




image25.png
BHS & = Example data - Excel ? @ - x
FALE HOME  INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  ACROBAT Sign in
2 % cu o . = = o wtosam -
iy o A o | BwapTet Genera o Bx i) T Ay B
poste BB Conditionsl Formatas Cell | Insert Delete Format | o - S
aste 3 Bru-|E-|&-A Merge & Center s g 8 | Condtional Formatas Cell | Insert Delete Forma Sort & Fin
 Format Painter o $ Formatting - Table~ Styles LCkart e Selecte
Clipboard 5 Font Alignment Number stes ceis Editing -
) v i X o fe  =varezss) v
A B [ D E F G H 1 J K L ™M N o 3 Q [4]
1 [island class Total number of bird species _ Group  Mean #of bird species Standard Dev Vai
2 |targe 152] large | 116 25.25866133]
3 |Large 97| small 51757 21.21909517
4 Large 115|
5 lorge | 100]
5 'small £
7 |small » Comparison of Bird species count on islands of
& small £ differing o
o [smal o iffering size
10 ,, 160
1 .2 140
2 @ 120
3 & 100
1 E &
15 5 g0
16 G a0
7 ® a0
@ E o
19 o
0 = Large Small
21 Island Size
2 U
3

519PM
1/5/2016





image26.png
AutoSave

File  Home  Insert Design  Layout Referen Maling Review View Help [ Search 18 & | Fle Home Insert Pagelayout Formulas Data Review View Help 0O Search & 8
LQD Calibri (Body) - E Al D)& A %| | B E | L
pare B BT U-x x| [F=== Styles | Editing B | ot | Aigrment | Number | 2 Cells | Editing | 1o
© S| A-2-A-sa | KA O-EH AT - E g | - E - |2 ° |
Clpboard 1 Font 5 Paragraph ol syies ~ | cipboara & stytes Ideas ~
[ ERRNIREE ERRN RIS SRR RIS RN RERE SRR RIS SRR TR,
3 - X v & | =tres v
A [ c o 3 F [
= 1 [1sland Class Total number of bird species.
2 large 152
3 [Large 57 =rrest |
4 Large 15 TTESTarrayl, amey2, tal, type)
- 5 Large 100
6 small )
7 |small 7
& small s8
o small 37
To perform a test in excel, we'll use the T.TEST function. In a cell near your data, type =T-TEST( :‘:
i 12
Now we're ready to calculate our t-statistic in excel using our group mean, variance, and sample size B
- values. Carefully inspect the set-up of the formula below with careful attention to parentheses. Of B
course, you cell values will be different than these depending on how you've arranged your data tables, | 12
but the organization of the formula will remain the same. Hit enter after you've completed your 19
- formula. 174
, 18
o Tt it e =
= K s mon] D
= P 21
] snat » Comparson of Birdspeces count on lands 22 -
= = fering sze
== 2 Sheet1 | sheet2 < y
Page ta0f22  2swords [F ® = 3 + 0% | enter & @ - +

T112AM
H L Search for anything )




image27.png
AutoSave

Fle  Home Inset Design Lajout References Maiings  Review View Help Fle Home Insert Pagelajout Formuas Data Review View Help O Search 18 &
f"D Calbr (Body) ~[11 < A° A" Aa~ | Ao sl & & | A %| | B w | e
pae B T U -wa A2 A 0 B | ot | Aigrment | Number | 2 Gl | Ediing | 14
~ <F Format Painter o VS = g - - - 7] - -
Clpboara 5 Font B Paragraph 5l | cipborra syies dess ~
L bt g f 1 f 2 ' 3
B2 - X v £ | =TTeste2ss v
A o A 8 o 3 F =
L ftstand Class Total number ofbifd5P) 1 \cland Class Total number of bird species.
M 2 uarge gotal number of bird species._ .
3o 2 large 1534
acge 3 [Large o7 E|
1 5 ltarge 4 Large 1151 TTESTarrayd, amey2, tal, type)
& small 5 |Large i 100}
| 7 sman 6 [smal 5
8 fsmall 7 [small 7
2 jomalt & small s8
1 o small 37
10
M 11
12
13
] 1
Finally, we're ready to calculate our p-value. P-valud >
K confident we are that the difference observed betu| |
chance. A very low p-value, for example 0.01, mean| |7
- due to random chance and that we are 99% confide] 1°
some true difference between treatments. In contrg 1°
chance that our observed difference between grougl 22
N there is no significant difference between groups. | 21
i Seentists tendito b rathercautious about saying t < -
Typically, scientists require that a p-value be 0.05 of Sheet1 | Sheet2 O
Fagerdorzz s0iworss (% point & m - +





image28.png
AutoSave

Fle  Home st  Design

~ < Format Painter

Clipboard &

Page 14022 3701words %

Calibr Body) - [11

Layout

IU-ax X

Font
¥

- A A Al A

References  Maiings

A-2-A-

small
small
small
small

63} =

Review  View  Help File  Home Insert Pagelayout Formulas Data Review View Help O Search &8 &
R ] 4 A %| | E @ | P
B | ot | a = :
T ont | Alignment | Number Cells | Editing
(] 3 N " a7 - -
Paragraph 5l | cipboard stes Ideas -
. 2 . 3
86 - x v & TEST(B2:85, B6:89 v
A ] c L) E F[=
Island Class _Total number of bird species
Large 152
Large 97| TEST(E:
Large 115 TTEST(array, array? tails, type)
Large I 100!
small 33
small 79§
small 581
small i Exl
13
14
15
16
7
18
oo 19
promsprembermmee P7]
[0 = o = o
Sheet1 | sheet2 < >
Point ] mo- +





image29.png
AutoSave

Fle  Home Insert Design  layout  References  Mailings  Review  View  Help Flle  Home Insert Pagelayout Formulas Data Review View Help [ Search g 2
f"D[ Calbr (Body) ~[11 < A° A" Aa~ | Ao sl & & | A % E w | e
L] m@- 7 N
Paste B A2 A- . 17 | Font | Alignment | Number Cells | Ediing
T Sromatpainer | BT YR % XA LA &= 3 - - - | & - -
Clpboara 5 Font 5 Paragraph 5l | cipbors stytes Ideas ~
v B s
D3 - X v f TEST(B2:BS, B6:B9, 1 v
A [ c o 3 F [
1 |Island Class. .Iolalnumberofblrdsgles 1
2 large 152]
R 3 |Large 97} TEST(E:
4 Large 115| TTESTCrray, areey2, taik, type)
5 |Large TTEST uses the one-tailed distrbution aled distrbut
6 |small 33 Two-tailed
S cx g g | 7 |small 79|
] L a 8 |Small 58|
- st 9 |Small
¥ 10
11
i 12
EEE————
1
N 15
16
3 17
18
=419
& 20
21
| B e [0 = & = 5= AR
Sheet1 Sheet2 < v
Page 150123 30Twords  [F Enter & @ - +





image30.png
AutoSave

Home  Insert  Design  Llayout  References  Mailings  Review  View  Help File  Home Insert Pagelayout Formulas Data Review View Help O Search B v
f"D Calbr (Body) ~[11 < A° A" Aa~ | Ao sl & & | A %| | B w | e
pae B T U -wa A2 A 0 B | ot | Aigrment | Number | 2 Gl | Ediing | 14
~ < Format Painter 9 e &= 3 - - - | & - -
Clpboara 5 Font 5 Paragraph 5l | cipbors stytes Ideas ~
v s i ; f [ PR
el will calculate Tor the ttest s the variance. var| D3 5 X v f | =TTEST(B2:85,B6:89,12 o
individual data points about them mean. While ex o o 5] : [
yourself to select the appropriate t-test type. Use tff
for each group. 1 |Island Class. Jotalnumberofblrds&les 1
2 large 152]
[ 5 4 e 115}
e 1] 6 small
= = 7 |small
small 58 8 |Small
Sl ” 9 |small
10
11
12
13
1
15
16
17
18
19
20
21
2
Sheet1 Sheet2 v
To perform a test in excel. we'll use the T.TEST func{
Page 130123 370Twords [ Enter & @ - +





image31.png
AutoSave

Fle  Home st  Design

f"D Calibr Body) - [11

I U-&xx A-2-A-

Paste. B
T S Formatpanter
cipbora

Pageisor22 3oT3words [

Layout

Font
¥

References  Mailings ~ Review  View  Help

- A A Al A

R

& Paragraph &

§ ' 1 ' 2 ' 3
oML AL | very g pvaIue IKe U. e iere]
between groups is due to random chance. In this ca
between groups.

Scientists tend to be rather cautious about saying t
Typically, scientists require that a p-value be 0.05 of
each other. Everything above p = 0.05 typically is

If you did more than one T-test:

If you used t-tests to make multiple comparisons, y
those multiple comparisons. When you make multi
difference between two groups purely by random d
two groups, we usually say that a p-value at or belof
these groups. When comparing more than two grot
for significance lower than 0.05 to deal with the pr
This lower p-value is called the Bonferroni correcte
simply divide 0.05 by your total number of compari

Bonferroni Corrected P-value for comparison = 0.05|

For example, imagine | want to test the effect of cin|
on the growth of £, coli. | compare cinnamon vs. ga
combination for a total of three comparisons.

Thius my earractad novalie far camnarisan is 0 05/

File  Home Insert Pagelayout Formulas Data Review View Help O Search &8 &

[—"ﬂD & A % | | B Conditional Formatting -

pasie 87 | Fort | Algnment | Namer | FFormatas Table-
s | " T | Bcensyies-

Clipboard 1 Styles

D3 - fo

TEST(B2:85, B6:89, 1,2)

A B <

| L4
Cols | dting | 1dess

ldeas

1 [island Class Total number of bird species
2 |Large 152
3 [Large 97
4 |Large 115
5 |Large 100
6 |small
7 [small
8 [small
9 [small

4838

12 45025

Sheet1 | sheet2 ® <

Reaoy &





image1.png
AutoSave

File  Home et Pagelayout  Formuas  Data  Review View Hep O Search 18 Share &3 Comments
ng Calibr S aa | = 2 Wiap Tt Genersl U E B ) & E 4 /O 4
ERER Megeaicor | § <% 951 83 | Gk Pt G| D Pt | S Fran | s
Clipboard 1 Font 5 Algnment 5 Number 5 styles cells Editing Ideas ~
i) = £ v
A 8 c ) 3 3 s H ] K L M N ) 3 a R s -
1| Year  seagull Population size
2 197 1176
3| 168 1043
4] 199 12
5| w97 934
6| 171 812
7 1n 63
8| 191 749
9| 1m 710
w0 1975 7
1| 197 648
12|
13]
14
15|
16]
1]
18]
19]
20]
21
=
| sheeti | Sheet2 ® < »
Ready





image2.png
AutoSave

File  Home Insert  Pagelayout  Formulas  Data  Review View Help 0 Search
ey =) = - ? - EH- M- =] ol
fild i B Getada-ins 3 e @ [1 b = | @ | T
Pivotfable Recommended Table | lustations | 5\ gy | Recommended Mane on | line Column Win/ | Sicer Timeline | Link | Comment
PivotTables - 2Ly Chas | 2Dline Loss -
Tables Addins ? — :i f Sparkines Fitters ks | Comments
B2 - B r~
A B c D E F Line L N o P

1| Year  Seagull Population Size L ; Use this chart type to:

- - Show trends over time (years,

2l 1967 176 3-D1 months, and days) or categories.

3| 1068 1083

T 160 2] A Use itwhen:

- ~ The order o categories s

Bl 170 534 important.

6| 171 s 2D - There are many data points.

7 1n 63

- i~y MA

9| 197 710 3
10 1975 2 3-DArea
1] 197 648 w0
12] ——
1 &0
14 a0 P More Line Charts.
15
1 20
17] N

18] 12 3 4 s s 7 8 3 1w

19
20]
21
=

| sheeti | Sheet2 ® <
Ready verage: 8769 Count: 10 sum: 769 | B o - ] + 0%





image3.png
1400

1200

1000

800

400

200

Chart Title

10





image4.png
AutoSave

Fle  Home Insert  Pagelayout  Formulas Data  Review View Help Design  Format 0O Search ¢ Share  © Comments
i & D Z_ ad - & =m0

Add Chart Quick | Change ~ | switchRow/ select | Change | Move

Element - Layout = | Colors~ Column  Data | ChartType | Chart

Chart Layouts Chart styles Data Tpe | Location ~
Chata £

A 5 c o 3 F s H ] K L M N o 3 a R s B

1| vear _seagull populationsize

2| o s Chart Title +

3 1968| 1043}

4 199 12| |

5| 197 934

o ml o1z v

7| 197 63 & [2-

5| 107 729 = e -

of 197 710 1ooune
10| 1973 72
el e Delete
12| ] ResettoMatch style
:i’ dll Change Chart Type.
51 by Sove as Template. 1o
16 Efj SelectData..
17 5]
sl 4 Format Plot Area.
19
20|
21
Z|

| sheeti | Sheet2 ® < >

Ready Average: 576.9 Count: 10 sum: 5765 | mo- 1 + 100

T041AM
H £ Search for anything @)




image5.png
Fle  Home Insert  Pagelayost Formuas Data  Review View Help Design Format O Search © Comments
BE m

. - o s .

ChartLayouts Chartsyies oata Tpe | Location ~
B2 - % | 17

c o 3 s ] K L % N o 3 Q R s |
1
2
3| 196sfl] selectData source X
4| 196 ‘ .
o tesch| crorsterance: [ssheetasssases :
6| 7
7| wm (= [Eapanomrcon] ==\
8| 7 v v
o| 1974} | Legena entries seres Horizonta Category) i Labels ~
10| 1975k |[ Hasa | Eren || X gemore Heat
nl 17 Serest 1
12| N
13 N
1
4 B
= 0
| s
16|
i Hidden and Empty Cells oK Cancel
18
19
2|
21|
2|
Sheett | Sheet2 | @ i v

Poit sverage: 5769 Count: 10 sum: 6769 [ o - 5

| 1C42AM





