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PREPARING DATA FOR ANALYSIS

This SOP uses the “Tutorial H” data set from The UnscramblerX program PCA tutorial.

1. Create Excel file (.xlsx).

2. Write data with samples in rows and variables in columns.

O N O b~ W N =

Sample
setosa 1

setosa 2
setosa 3
setosa 4
setosa 5
setosa 6
setosa 7

Class  Sepallength Sepal width Petal length Petal width

setosa 5.1
setosa 4.9
setosa 4.7
setosa 4.6
setosa 5.0
setosa 54
setosa 4.6

3.5
3.0
3.2
3.1
3.6
3.9
3.4

1.4
1.4
13
1.5
1.4
1.7
1.4

0.2
0.2
0.2
0.2
0.2
0.4
0.3

3. Save spreadsheet file as “SIMCA Data.xIsx” in desktop by going to File — Save As... on
the Desktop area.

4. Open The UnscramblerX program.

|| Mew Project [Mot Saved] - The Unscrambler X

File Edit View Insert Plot  Tasks

R@Ec @
------ U

Tools  Help
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5. Rename project with right click — Rename to “SIMCA Development”.

@ Mew Project [Mot Saved] - The Unscrambler X

File Edit View Inset Plot Tasks Tecls Help

FRedED O

6. Import data with File — Import Data — Excel..., select the created file in the Desktop

area, click “Open”.

IEI JAMdemo PCA [Mot Saved] - The Unscrambler X

File | Edit VWiew Inset Plot Tasks Tools Help
L] MNew Ctrl+N
\") Open... Ctrl+0
=1 Close  Ctrl+W

|e Import Data 4 |@ Unscrambler X..
d Save Ctrl+S E?_l Unscrambler...
Save fe.. B UsData..
Export ASCIL..

Print..  Ctrl+P | Design-Ecpert..
=] Excel..
Security D |E: Matlab...

7. Select “Sheet 1” and press “OK” on the “Excel Preview” window.

Excel Preview ? X
Sheet Header
Select sheet or named range Rows 1 =
Shest1 b Columns |1 = Lo
Data Type Selection
Rows

(® Auto () Numere () Text

Skip rows [i] 2 Columns
Class Sepal length : Sepal width : Petal length : Petal width — »
1 2 3 4 5
setosa 1 1 setosa 5.1 3.5 14 0.2
setosa 2 2 setosa 4.9 3 14 0.2
setosa 3 S setosa 4.7 3.2 1.3 0.2
setosa 4 4 :setosa 4.6 3.1 1.5 0.2
setosa b 5 setosa 5 3.6 14 0.2
setosa 6 6 setosa 54 3.9 1.7 0.4
setosa 7 7 ‘cetosa 4.6 3.4 14 0.3 "
£ >
1505
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8. Click “OK” on the pop-up window if it appears.

non-unique or missing header names, These have been

o Please check, One or more of the loaded matrices contained

modified to ensure all headers are existing and unigque

OK

9. Change the “Class” column from text to category by left click on the “1” below the “Class
” text, right click — Change Data Type — Category...

SIMCA Data Class | Sepal length | Sepal width | Petal length | Petal width

1 . : : 4 5
setosa 1 1 setosa e ronge | La0oo 0.2000
setosa 2 2 :setosa Undo 14000 0.2000
setosa 3 3 ‘setosa 1.3000 0.2000
setosa 4 4 setosa — 15000 0.2000
setosa 5 5 ‘setosa & Cut 14000 0.2000
setosa b 6 ‘setosa 1.7000 0.4000
setosa 7 5 aetasn | = CoPY 14000 1.3000
setosa 8 8 setosa —1 Copy with Headers 1.5000 0.2000
setozzs 9 9 setosa Paste 1.4000 0.2000
setosa 10 10 -setosa I Insert Copied Cells 1.5000 0.1000
setosa 11 11 ‘setosa 1.5000 0.2000
setosa 12 12 “setosa Append Copied Cells 1.6000 0.2000
setosa 13 13 :setosa Split Text Variable 14000 0.1000
setosa 14 14 ‘setosa x Delete... 11000 0.1000
setosa 15 15 :-setosa 12000 0.2000
setosa 16 16 :setosa A 1.5000 0.4000
setosa 17 17 -setosa Insert » 1.3000 0.4000
setosa 18 18 -setosa 1.4000 0.3000
setosa 19 19 -setosa Append ' 1.7000 0.3000
setosa 20 20 :setosa Change Data Type 4 Text
setosa 21 21 ‘setosa Make Header Numeric
setosa 22 22 ‘setosa .
setosa 23 23 “setosa Plot » Dateline
setoss 24 24 setosa TIIUUTT FIUTTT } Category.
—— 95 oatens a'annn’ 2annn’ Tannn Aannn

10. Click “OK” on the

L et AN R G

“Category Converter” window.

Category Converter

Select type of category
(®) New levels based upon individual values

*You have chosen to convert some variable(s) to category variable(s)

? X

Cancel
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11. Create sample and variable sets with Edit — Define Range...

File | Edit | View Inset Plot Tasks Tools Help
[ 4% Unde -z Be @ EH ek
= Redo Ctrl+Y 5 Sepal length | Sepal width : Petal length | Petal width
. T 2 3 4 5

& a2 = 5.1000 3.5000 1.4000 0.2000

) Copy Ctrl+C s 43000 3.0000 1.4000 12000

. Copywith Headers  Ctrl+ Shift+C £ 47000 3.2000 1.3000 12000

. e 5 4.6000 3.1000 1.5000 12000

w 5 5.0000 36000 1.4000 12000

Insert Copied Cells = 54000 3.3000 17000 0.4000

Append Copied Cells ] 4.6000 34000 1.4000 03000

% Delete.. Ctrl+D 5 5.0000 34000 1.5000 12000

5 44000 2.9000 1.4000 12000

Rezers b b= 4.3000 3.1000 1.5000 0.1000

Convert 5 5.4000 37000 1.5000 12000

Fill... 5 43000 34000 1.5000 12000

5 43000 3.0000 1.4000 0.1000

[ Find and Replace Ctrl+H 52 4.3000 3.0000 1.1000 0.1000

Go To.. Ctrl+G £l 5.8000 4.0000 1.2000 0.2000

5 57000 44000 1.5000 1.4000

Select r bsa 5.4000 3.3000 1.3000 0.4000

Sort b b 5.1000 35000 1.4000 1.3000

Append , b 57000 3.8000 1.7000 1.3000

5 5.1000 3.8000 1.5000 1.3000

= b bsa 5.4000 34000 1.7000 0.2000

Split Category Variable 5 51000 37000 1.5000 1.4000

5 4.6000 36000 1.0000 02000

Change Data Type ' e 51000 3.3000 1.7000 1.5000

[z DefineRange.. Ctrl+E 53 4.8000 3.4000 1.3000 0.2000

12. Create “TRAIN” sample set with the data that will be used to create the PCA models for
each class and “TEST” set for the data that will be used to test the SIMCA model. Click

“Create”.

In this example, there are 50 samples per class (setosa, versicolor, and virginica). Samples 1-
39 were used to create the TRAIN set and samples 40-50 were used to create the TEST set.

Define Range ? X
1 Row ranges Column ranges Keep out
Setosa TRAIN ~ 1-39 Rows |:|
Versicolor TRAIN :51-89 Columnsl:l
Vvirginica TRAIN ~ ;101-139
TEST 140-50,30-1
| Special intervals b
TEST | [40-50.30-100.140-150 | [Columnset il
Update &% B X
SIMCA Data Class Sepal length : Sepal width  Petal length : Petal width ~
1 2 3 2 5
| [wirginica 43 143 - virginica 5.8000 2.7000 5.1000 1.9000
| | virginica 44 144 "virginica 68000 3.2000 5.9000 2,3000
| | virginica 45 145 - virginica 6.7000 3.3000 5.7000 2.5000
virginica 46 146 - virginica 6.7000 3.0000 5.2000 2.3000
| [wirginica 47 147 “virginica 6.3000 2.5000 5.0000 1.9000
| | virginica 48 148 " virginica 6.5000 3.0000 5.2000 2.0000
| | virginica 49 149 - virginica 6.2000 3.4000 5.4000 2.3000
virginica 50 150 - wvirginica 5.9000 3.0000 5.1000 1.8000
v
Cancel
Size: 150X5 Selected: 33%4
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13. Create set with variables on the column ranges section.

Define Range ? X
Row ranges Column ranges Keep out
Setosa TRAIN | 1-39 VARIABLES 25 Rows [ ]
Versicolor TRAIN 551-89 Calumns|:|
Virginica TRAIN §101-139
TEST $40-50,90-1
| Special intervals ¥ |
TEST | [40-50,30-100.140-150 | [vARIABLES] i |
Update Create 1{._5 m pdate Create
SIMCA Data Clazs Sepal length | Sepal width i Petal length | Petal width A
1 2 3 ) 5
virginica 43 143 wirginica 5.8000 27000 5.1000 1.9000
virginica 44 144 wirginica 6.8000 3.2000 5.9000 2.3000
virginica 45 145 wirginica 6.7000 3.3000 5.7000 2.5000
virginica 46 146 wirginica 6.7000 3.0000 5.2000 2.3000
virginica 47 147 wirginica 6.3000 25000 5.0000 1.9000
virginica 48 148 wirginica 6.5000 3.0000 5.2000 2.0000
virginica 4% 149 wirginica 6.2000 3.4000 5.4000 2.3000
virginica 50 150 wirginica 5.9000 3.0000 5.1000 1.8000
Size: 150X5 Selected rows: 33

14. Click “OK” to save sets. WARNING: If you press “ENTER” you will lose all the sets
created.

15. Develop PCA model with Tasks — Analyze — Partial Least Squares...

Tasks | Tools Help

Transform v | | il 28 | s il e e A A
JE| Analyze » | #5  Descriptive Statistics...
Predict ¥ |yl Statistical Tests... 0
Recalculate =2 Moving Block Methods... 00
:rr— Statistical Process Control... .
4  setosa f 00
5 getosa |$l Principal Component Analysis... 0
6 setosa s Multivariate Curve Resolution... 00
7 - setosa . 0
1 Cluster Analysis...
8 setosa 2] . 00
4  setosa =& Multiple Linear Regression... 00
0 1 See {4l  Principal Component Regression... P
1 11 -setosa
5 15 Testnen ’?g Partial Least Squares Regression...
3 13 setosa aa L-PLS Regression...
4 11 S == Support Vector Machine Regression...
B 15 -setosa
6 16 -setosa #k Linear Discriminant Analysis... 00
7 17 _Eetosa W Support Vector Machine Classification...
g 18 -setosa Srows - - Ty 0
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cols set. Choose 4 maximum components.

FRATITL MCTIN

| Principal Component Analysis

= Setup

.- Model Inputs
i Weights Data
i Validation
Algorithm

Maximum components 4

[ \dentify outliers
Mean center data

Cancel

Matrix | SIMCA Data_Sheet1 {1505}

Rows | Setosa TRAIN { ~| Cols

Model Inputs

L

VARIABLES {4} || Define...

4k

oo ]

16. Select “SIMCA Data_Sheet” matrix, select “Setosa TRAIN” rows set and “VARIABLES”

17. Select “All”, select “A/(SDev+B)” in the “Weights” tab. If data is composed of spectra, do

not modify the “Weights” tab.

N ATIVIVE] WTUUL

| Principal Component Analysis ? X
- Setup Waeights
i Model Inputs
Weights Wariable Name | Weight
Walidation i Sepal length 1.00/(SDev+0.00)
- Algorithm 2 Sepal width 1.00/{SDev+0.00)
3 Petal length 1.00/(SDev+0.00)
4 Petal width 1.00/(5Dev+0.00)
14 ~ Define Al
Select  Advanced
A/(SDev+B) A [100 | B [0.00
Constant: C:
Downweight
Block weighting [] Divide blocks by SDev
Cancel Back Mext Finish

Page 7 of 15



18. Select “Setup ...” button in “Validation” tab.

FRFLTATITE uoTuY

[=- Setup

Model Inputs
- Weights

- Algorithm

| Principal Cempenent Analysis

() Leverage comection
(® Cross validation

[ Uncertainty test

() Test matrix

[ Discard Residuals

Cancel

Validation

Back

oo o]

19. Select “Full” cross validation method in the “Cross Validation Setup” window, and press

“OK”_

............................................................

K PRV ATIVIVE (V% JVAVATIE
| Principal Component Analysis ? it
1| =-Setup| Cross Validation Setup ? X
-
- Cross validation method: Full v
er of segme 39 = es per se 1 =
Segment Mo Mumber of samples  Samples 2 |
1 1 1 | A
2 1 2
3 1 3 w7
< >
es in cument segment: |1 Define
[inc—...
Frozen calibration samples: Define...
et IT nish
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20. Select “NIPALS” circle in the “Algorithm” tab and click “Finish”.

o W MW

: Principal Component Analysis

= Setup

- Model Inputs
- Weights

- Validation
Algorithm

Model inputs
(®) MIPALS

Model wamings

Algorithm

Max. terations

() Singular Value Decomposition(SVD)
[ Caleulate exact Qesidual limits

Rotation method: None

Ratio of Calibrated to Validated Residual Variance:
Ratio of Walidated to Calibrated Residual Variance:

Residual Varance Increase Limit (%):

Cancel Back

0.5
0.75
6.0

Ak Ak dF

21. Click “Finish” to create PCA model.

22. Determine optimal number of components for this PCA model with the explained

variance graph.

For this example, PC1 would suffice; other components contain more overfitting due to the
training (blue) and test (red) lines not being completely parallel.

100 -

90

80

70

60

50

X-Variance

40 4

30

20

Explained Variance

PC-0

PC-1

PC-2
PCs

PC-3 PC-4

23. Repeat steps 15-22 to create PCA models for each class.
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=-[] SIMCA Data_Sheet1

=~ Rowset

=3 Columnset
.0 VARIABLES

-2 PCA Setosa

-2 PCA Versicolor

Eg..,_J:,-; PCA Virginia

24. Create SIMCA model by going to Task — Predict — Classification — SIMCA...

Tasks | Tools Help

: Transform 3 ll\ —_i |'&~,-i E_: ;‘.!i _ ¥ PC-1 - -p 1

] Analyze 3 Scores

]| Predict * |—-]— Projection...

Recalculate  » E Regression... . *
SVR Prediction... .
[ Classification » [ smca. .
=2 Moving Block Statistics... ks LDA..
L e i SVM.. .
. L]

25. Choose “VARIABLE” for the Cols set and “TEST” for the Rows set.

1 Classify Using SIMCA ? x
. Data to be classified
Matrix | SIMCA Data_Sheet1 {150x5} st
Rows | TEST {33} ~| Cols |VARIABLE {4} ~ | Define...
Class model | PCA Setosa ~ | | Pretreatment Add
Model Max PC... Suggest.. Llse Model t... Remove
Centered

Use components

n &
=t -

T
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26. Select “PCA Setosa” PCA model and click “Add”.

Classify Using SIMCA
Data to be classified
Matric | SIMCA Data_Sheet1 {15(x5}
Rows |TEST {33} ~| Cols | VARIABLE 4}
Class model |PCA Setosa w Pretreatment
Madel Max PC... Suggest... LUse Model t...
PCASet.. 4 3 3 PCA
0K Cancel

Remove

Centered

Use components

1 =

T I T

27. Click on the “PCA Setosa” model below the “Use” column and place the number of
components determined in step 22 for the model using the “Use components” area.

- Classify Using SIMCA

Data to be classified

Matrix | SIMCA Data_Sheet1 {150x5}

Rows |TEST {33} ~| Cols |VARIABLE {4}
Class model | PCA Setosa w Pretreatment

Model Max PC... Suggest.. Use Modelt...

4 x

~ || Define...

Add
Remove

Centered

Use components

1 o

U
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28. Repeat steps 26 and 27 for the other PCA models.

Classify Using SIMCA

Data to be classified
Matrix

Fows

TEST {33} G

SIMCA Data_Sheet1 {150x5}

Cols |VARIABLE {4}

Class model | PCA Virginia w Pretreatment
Model Max PC... Suggest.. Use Model t...
PCA Set.. 4 3 1 PCA
PCAVer.. 4 3 1 PCA

PCA Virg..

~ || Define...

Add
Remowve

Centered

Use components

1 o

29. Click “OK” to run SIMCA model.

ULZoouTy
=-LF SIMCA Development Sample - Class | PCA Setos| PCA Versi | PCA Virgi

[-[7] SIMCA Data_Sheet1 setosa 40 =
F-42 PCA Setosa ot ¥
~.3;+ PCA Versicolor setosa 42 i
42 PCA Virginia v

={id SiMcA z:z ﬁ
#-[J Raw data v

{3 Results selosaRey
BL.J Plots setosa 46 =
setosad7 -
Coomans setosa 48 -
Sivs. Hi setosa 49 *
Si/50vs. Hi setosa 50 -

Model Distance
Discrimination Power
Modeling Power

versicolor 40

wversicolor 41

versicolor 42

wversicolor 43

versicolor 44

versicolor 45

versicolor 46

versicolor 47

versicolor 48

versicolor 49

wversicolor 50

virginica 40

virginica 41

virginica 42

virginica 43

virginica 44

virginica 45

virginica 46

virginica 47

virginica 48

virginica 49

virginica 50

SIMCA shows results through the Classification Table.
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Appendix Section

Iris data set used for this example.

Sample
setosa 1
setosa 2
setosa 3
setosa 4
setosa 5
setosa 6
setosa 7
setosa 8
setosa 9
setosa 10
setosa 11
setosa 12
setosa 13
setosa 14
setosa 15
setosa 16
setosa 17
setosa 18
setosa 19
setosa 20
setosa 21
setosa 22
setosa 23
setosa 24
setosa 25
setosa 26
setosa 27
setosa 28
setosa 29
setosa 30
setosa 31
setosa 32
setosa 33
setosa 34
setosa 35
setosa 36
setosa 37
setosa 38
setosa 39
setosa 40
setosa 41
setosa 42
setosa 43
setosa 44
setosa 45
setosa 46
setosa 47
setosa 48
setosa 49
setosa 50
versicolor 1
versicolor 2
versicolor 3
versicolor 4
versicolor 5
versicolor 6
versicolor 7
versicolor 8
versicolor 9
versicolor 10

Class
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa

versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor

Sepal length
5.1
4.9
4.7
4.6
5.0
5.4
4.6
5.0
4.4
4.9
5.4
4.8
4.8
43
5.8
5.7
5.4
5.1
5.7
5.1
5.4
5.1
4.6
5.1
4.8
5.0
5.0
5.2
5.2
4.7
4.8
5.4
5.2
5.5
4.9
5.0
5.5
4.9
4.4
5.1
5.0
4.5
4.4
5.0
5.1
4.8
5.1
4.6
5.3
5.0
7.0
6.4
6.9
5.5
6.5
5.7
6.3
4.9
6.6
5.2

Sepal width
35
3.0
3.2
31
3.6
3.9
3.4
34
29
3.1
3.7
3.4
3.0
3.0
4.0
4.4
39
35
3.8
3.8
34
3.7
3.6
33
34
3.0
34
35
34
3.2
3.1
34
4.1
4.2
31
3.2
3.5
3.6
3.0
3.4
35
2.3
3.2
3.5
3.8
3.0
3.8
3.2
3.7
33
3.2
3.2
3.1
2.3
2.8
2.8
33
2.4
2.9
2.7

Petal length
1.4
1.4
1.3
1.5
1.4
1.7
1.4
1.5
1.4
1.5
1.5
1.6
1.4
11
1.2
1.5
1.3
1.4
1.7
1.5
1.7
1.5
1.0
1.7
1.9
1.6
1.6
1.5
1.4
1.6
1.6
1.5
1.5
1.4
1.5
1.2
1.3
1.4
1.3
1.5
1.3
1.3
1.3
1.6
1.9
1.4
1.6
1.4
1.5
1.4
4.7
4.5
4.9
4.0
4.6
4.5
4.7
33
4.6
39

Petal width
0.2
0.2
0.2
0.2
0.2
0.4
0.3
0.2
0.2
0.1
0.2
0.2
0.1
0.1
0.2
0.4
0.4
0.3
0.3
0.3
0.2
0.4
0.2
0.5
0.2
0.2
0.4
0.2
0.2
0.2
0.2
0.4
0.1
0.2
0.2
0.2
0.2
0.1
0.2
0.2
0.3
0.3
0.2
0.6
0.4
0.3
0.2
0.2
0.2
0.2
1.4
1.5
1.5
1.3
1.5
1.3
1.6
1.0
1.3
1.4
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versicolor 11
versicolor 12
versicolor 13
versicolor 14
versicolor 15
versicolor 16
versicolor 17
versicolor 18
versicolor 19
versicolor 20
versicolor 21
versicolor 22
versicolor 23
versicolor 24
versicolor 25
versicolor 26
versicolor 27
versicolor 28
versicolor 29
versicolor 30
versicolor 31
versicolor 32
versicolor 33
versicolor 34
versicolor 35
versicolor 36
versicolor 37
versicolor 38
versicolor 39
versicolor 40
versicolor 41
versicolor 42
versicolor 43
versicolor 44
versicolor 45
versicolor 46
versicolor 47
versicolor 48
versicolor 49
versicolor 50
virginica 1
virginica 2
virginica 3
virginica 4
virginica 5
virginica 6
virginica 7
virginica 8
virginica 9
virginica 10
virginica 11
virginica 12
virginica 13
virginica 14
virginica 15
virginica 16
virginica 17
virginica 18
virginica 19
virginica 20
virginica 21
virginica 22
virginica 23
virginica 24
virginica 25
virginica 26

versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
versicolor
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica

5.0
5.9
6.0
6.1
5.6
6.7
5.6
5.8
6.2
5.6
5.9
6.1
6.3
6.1
6.4
6.6
6.8
6.7
6.0
5.7
5.5
5.5
5.8
6.0
5.4
6.0
6.7
6.3
5.6
5.5
5.5
6.1
5.8
5.0
5.6
5.7
5.7
6.2
5.1
5.7
6.3
5.8
7.1
6.3
6.5
7.6
4.9
7.3
6.7
7.2
6.5
6.4
6.8
5.7
5.8
6.4
6.5
7.7
7.7
6.0
6.9
5.6
7.7
6.3
6.7
7.2

2.0
3.0
2.2
2.9
2.9
31
3.0
2.7
2.2
2.5
3.2
2.8
2.5
2.8
2.9
3.0
2.8
3.0
2.9
2.6
24
24
2.7
2.7
3.0
3.4
3.1
2.3
3.0
2.5
2.6
3.0
2.6
23
2.7
3.0
2.9
2.9
2.5
2.8
3.3
2.7
3.0
2.9
3.0
3.0
2.5
2.9
2.5
3.6
3.2
2.7
3.0
2.5
2.8
3.2
3.0
3.8
2.6
2.2
3.2
2.8
2.8
2.7
33
3.2

3.5
4.2
4.0
47
3.6
4.4
45
41
45
3.9
458
4.0
4.9
47
43
4.4
458
5.0
45
3.5
3.8
3.7
3.9
5.1
45
45
4.7
4.4
4.1
4.0
4.4
46
4.0
3.3
4.2
4.2
4.2
43
3.0
4.1
6.0
5.1
5.9
5.6
5.8
6.6
45
6.3
5.8
6.1
5.1
5.3
5.5
5.0
5.1
5.3
5.5
6.7
6.9
5.0
5.7
4.9
6.7
49
5.7
6.0

1.0
1.5
1.0
1.4
13
1.4
1.5
1.0
1.5
1.1
1.8
1.3
1.5
1.2
1.3
1.4
1.4
1.7
1.5
1.0
1.1
1.0
1.2
1.6
1.5
1.6
1.5
13
13
13
1.2
1.4
1.2
1.0
13
1.2
13
13
1.1
13
2.5
19
21
1.8
2.2
21
1.7
1.8
1.8
2.5
2.0
1.9
21
2.0
2.4
2.3
1.8
2.2
2.3
15
2.3
2.0
2.0
1.8
2.1
1.8
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virginica 27
virginica 28
virginica 29
virginica 30
virginica 31
virginica 32
virginica 33
virginica 34
virginica 35
virginica 36
virginica 37
virginica 38
virginica 39
virginica 40
virginica 41
virginica 42
virginica 43
virginica 44
virginica 45
virginica 46
virginica 47
virginica 48
virginica 49
virginica 50

Advisor Signature

virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica
virginica

6.2
6.1
6.4
7.2
7.4
7.9
6.4
6.3
6.1
7.7
6.3
6.4
6.0
6.9
6.7
6.9
5.8
6.8
6.7
6.7
6.3
6.5
6.2
5.9

2.8
3.0
2.8
3.0
2.8
3.8
2.8
2.8
2.6
3.0
34
31
3.0
3.1
31
31
2.7
3.2
3.3
3.0
2.5
3.0
34
3.0

Co-Advisor Signature

4.8
4.9
5.6
5.8
6.1
6.4
5.6
5.1
5.6
6.1
5.6
5.5
4.8
5.4
5.6
5.1
5.1
5.9
5.7
5.2
5.0
5.2
5.4
5.1

1.8
1.8
2.1
1.6
1.9
2.0
2.2
1.5
1.4
2.3
24
1.8
1.8
21
24
2.3
1.9
2.3
2.5
2.3
1.9
2.0
2.3
1.8
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