
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

Ordered Data Plot

Factor Settings

O
rd

er
ed

 R
es

p
o

n
se

 Y
 (

In
cr

ea
se

 in
 #

 K
n

ee
 C

ar
ti

le
g

e 
C

el
ls

)

-
-
-
-

-

-

-
-

-
-
-

-

-

-

-
-

-
-
- -

-
-

-
-
-

- -

-
-

-
-
-

+
+ +

+
+
+
+

+
+

+

+
+

+ +
+
+ +

+ +

+
+
+

+

+

+

+
+

+
+

+

+

+

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

Ordered Data Plot

Factor Settings

O
rd

er
ed

 R
es

p
o

n
se

 Y
 (

In
cr

ea
se

 in
 #

 K
n

ee
 C

ar
ti

le
g

e 
C

el
ls

)

X1: 1: IGF
X2: 2: TGF-b
X3: 3: FGF
X4: 4: # Starter Cells

k = 4
n = 16

Mean = 2882.1362

1 Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

1
7/15/2003

washburn_4_16.dp
washburn_4_16.dat

X1: IGF
- : 1
+ : 100

X2: TGF-b
- : .01
+ : 1

X3: FGF
- : .1
+ : 10

X4: # Starter Cells
- : 1000
+ : 10000



 X1
IGF

X2
TGF-b

X3
FGF

X4
# Starter Cells

 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

Scatter Plot

Factors (4)

R
es

p
o

n
se

 Y
 (

In
cr

ea
se

 in
 #

 K
n

ee
 C

ar
ti

le
g

e 
C

el
ls

)

- + - + - + - +

k = 4
n = 16

Mean = 2882.1362

2 Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

2

washburn_4_16.dp
washburn_4_16.dat

X1: IGF
- : 1
+ : 100

X2: TGF-b
- : .01
+ : 1

X3: FGF
- : .1
+ : 10

X4: # Starter Cells
- : 1000
+ : 10000



 X1
IGF

X2
TGF-b

X3
FGF

X4
# Starter Cells

 

0

1000

2000

3000

4000

5000

Main Effects Plot

Factors (4)

M
ea

n
 R

es
p

o
n

se
 Y

 (
In

cr
ea

se
 in

 #
 K

n
ee

 C
ar

ti
le

g
e 

C
el

ls
)

- + - + - + - +

617.94
21

34.12

326.72
11

18.41

1263.02
44

63.89

4185.03
145

99.99
**

|Effect|
Rel.|Effect| (%)
Fcdf (%)

k = 4
n = 16

Mean = 2882.1362

3 Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

3

washburn_4_16.dp
washburn_4_16.dat

X1: IGF
- : 1
+ : 100

X2: TGF-b
- : .01
+ : 1

X3: FGF
- : .1
+ : 10

X4: # Starter Cells
- : 1000
+ : 10000



0

1000

2000

3000

4000

5000

X1(IGF)

1:  618 
A

ve
ra

g
e 

Y
12:  -1000 13:  -1000 14:  282 

X2(TGF-b)

2:  -327 23:  -472 24:  -507 

X3(FGF)

3:  -1263 34:  -1341 

X4(# Starter Cells)

4:  4185 

Interaction Effects Matrix

Diagonal (Shaded) = Main Effects
Off-Diagonal = 2-Term Interactions

4
Mean = 2882.1362

Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

4

washburn_4_16.dp
washburn_4_16.dat

X1: IGF
- : 1
+ : 100

X2: TGF-b
- : .01
+ : 1

X3: FGF
- : .1
+ : 10

X4: # Starter Cells
- : 1000
+ : 10000



-
- - -

-
-

-
-

+ + + +

+
+

+

+

-1000
0

1000
2000
3000
4000
5000
6000
7000
8000
9000 X1

-
-
-

-
-
+

-
+
-

-
+
+

+
-
-

+
-
+

+
+
-

+
+
+

X4:
X3:
X2:

-
- - -

-

-

-

-

+ + + +

+

+

+

+

-1000
0

1000
2000
3000
4000
5000
6000
7000
8000
9000 X2

-
-
-

-
-
+

-
+
-

-
+
+

+
-
-

+
-
+

+
+
-

+
+
+

X4:
X3:
X1:

-
- - -

-
-

-
-

+ + + +

+
+ +

+

-1000
0

1000
2000
3000
4000
5000
6000
7000
8000
9000 X3

-
-
-

-
-
+

-
+
-

-
+
+

+
-
-

+
-
+

+
+
-

+
+
+

X4:
X1:
X2:

M
ea

n
 Y

Robustness Factor Setting

-
- - - - - - -

+
+

+
+

+
+ +

+

-1000
0

1000
2000
3000
4000
5000
6000
7000
8000
9000 X4

-
-
-

-
-
+

-
+
-

-
+
+

+
-
-

+
-
+

+
+
-

+
+
+

X3:
X1:
X2:

Block Plot

5 Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

5

washburn_4_16.dp
washburn_4_16.dat

X1: IGF
- : 1
+ : 100

X2: TGF-b
- : .01
+ : 1

X3: FGF
- : .1
+ : 10

X4: # Starter Cells
- : 1000
+ : 10000



55 620.5 1186 1751.5 2317 2882.5 3448 4013.5 4579 5144.5 5710

55

620.5

1186

1751.5

2317

2882.5

3448

4013.5

4579

5144.5

5710

Youden Plot

Response Y for  -  Setting

R
es

p
o

n
se

 Y
 f

o
r 

 +
  S

et
ti

n
g

 

4

34313413121241234

1

24231232342

14

4:

34:3:134:13:12:124:1234:

1:

24:23:123:234:2:

14:

-99-99-99
-99-99

Factor: Confounding
Mean = 2882.1362

k = 4
n = 16

6 Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

6

washburn_4_16.dp
washburn_4_16.dat



0

1000

2000

3000

4000

5000

|Effects| Plot

Factor

|E
ff

ec
ts

|

 

4

34

3

134

13

12

124

1234

1

24

23

123

234

2

14

Factor Effect (%) Confounding

4
34
3

134
13
12
124
1234

1
24
23
123
234
2
14

4185.0275 (145.2%)
-1340.5575 (-46.5%)
-1263.0175 (-43.8%)
-1049.1200 (-36.4%)
-1000.1600 (-34.7%)
-999.8575 (-34.7%)
-848.5125 (-29.4%)
-722.8825 (-25.1%)
617.9400 (21.4%)

-507.3300 (-17.6%)
-472.1300 (-16.4%)
-440.8525 (-15.3%)
-399.5600 (-13.9%)
-326.7250 (-11.3%)
281.8050 (9.8%)

Mean = 2882.1362
k = 4
n = 16

7 Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

7

washburn_4_16.dp
washburn_4_16.dat

X1: IGF
- : 1
+ : 100

X2: TGF-b
- : .01
+ : 1

X3: FGF
- : .1
+ : 10

X4: # Starter Cells
- : 1000
+ : 10000



0 0.5 1 1.5 2 2.5 3

0

1000

2000

3000

4000

5000

Halfnormal Probability Plot of |Effects|

Halfnormal Distribution Order Statistic Medians

O
rd

er
ed

 |E
ff

ec
ts

|

 

14:2:234:123:23:24:
1:
1234:
124:
12:13:134:
3:34:

4:

Factor: Confoundingk = 4
n = 16

8 Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

8

washburn_4_16.dp
washburn_4_16.dat



0

500

1000

1500

2000

2500

3000

Cumulative Residual SD Plot

Cumulative Model

R
es

id
u

al
 S

D

 

4

34

3

134

13

12

124

1234

1

24

23

123

234

2

14

4:  
34:  
3:  
134:  
13:  
12:  
124:  
1234: 
1:  24:  23:  123:  
234:  2:  

14:  

Average

Factor: Confounding

Average

Mean = 2882.1362

Model CumRSD (%)

Average
+ 4
+ 34
+ 3

+ 134
+ 13
+ 12
+ 124
+ 1234

+ 1
+ 24
+ 23
+ 123
+ 234

+ 2
+ 14

2665.9475
1615.7997
1502.8932
1383.8983
1299.6322
1207.4022
1084.1966

981.0356
895.1625
824.8042
781.3164
734.9574
679.0302
610.1857
563.6100

0.0000

(92.5%)
(56.1%)
(52.1%)
(48.0%)
(45.1%)
(41.9%)
(37.6%)
(34.0%)
(31.1%)
(28.6%)
(27.1%)
(25.5%)
(23.6%)
(21.2%)
(19.6%)

(0.0%)

k = 4
n = 16

9 Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

9

washburn_4_16.dp
washburn_4_16.dat



750.852

828.392

6276.438

3672.863

-2 -1 0 1 2

-2

-1

0

1

2
 Contour Plot of 2 Dominant Factors: X4 (# Starter Cells) & X3 (FGF)

X4(# Starter Cells)

X
3(

F
G

F
)

 

10000

9000

8000

7000

6000

5000

4000

0

-1000.

-2000.

1000 10000

.1

10

Center-Point Predicted Value (From 2-Factor Edge-based Model) = 2882.1362

1010 Factors Promoting Knee Cartilege Regeneration
Design: 2**4 (k=4,n=16)

10

washburn_4_16.dp
washburn_4_16.dat

X1: IGF
- : 1
+ : 100

X2: TGF-b
- : .01
+ : 1

X3: FGF
- : .1
+ : 10

X4: # Starter Cells
- : 1000
+ : 10000


