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. Introduction to SCEs

2. Generation of SCEs

3. Case example

4. Creating designs using Excel: Constructing the
choice probabilities

5. Creating designs using Excel: Constructing the
AVC matrix

6. Creating designs using Excel: Calculating the D-
error

/. Creating designs using Excel: Generating the
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Travel time (mins) 20 30

Fuel costs / fare ($) 5 4

Which alternative do you prefer? O @
next ...
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Travel time (mins) 20 30

Fuel costs / fare ($) 5 4
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choice task

alternative
attribute

Fuel costs / fare ($)

Travel time (mins) 25 25

Fuel costs / fare ($) 6 5

Travel time (mins)

Fuel costs / fare ($)

attribute level
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Questionnaire

Travel time (mins)

Fuel costs / fare ($)

Travel time (mins)

Fuel costs / fare ($)

Travel time (mins)

Fuel costs / fare ($)
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Experimental design
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Each column represents an attribute.
Each row represents a choice task.
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K
v, = Z BiiX1x
k=1

i B :Bk

Model

K
Utility v, = Z BoiXox — <
k=1 specification

specification .
_ ,Bk - N(/Jk,Jf)

K
V; = kZ_;,ﬂijjk

» model specification influences parameter estimates
MNL? Random parameters? Nonlinearities? Generic par  ameters?
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Choice Study

» experimental design influences parameter estimates
Orthogonal? Efficient? Attribute level range? Numbe r of choice situations?
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design
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* number of respondents influences parameter estimate S
What sample size is required for accurate and reliab  |le parameter estimates?

se(p)

Respondents Data Estimation Results




s

nnn. The University of Sydney FACULTY OF

ECONOMICS
ANDPBUSINESS

Generating SCEs i

ﬁlkxlk

ED generation process

Utility V, =) BouXor < . Model

i B :Bk

specification k=1 specification

_ ,Bk - N(/Jk,Jf)
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Experimental Respondents Data Estimation Results
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« Assume utility specification for the design:

Uy = B+ BXu + BoXp + BisXs sananBeso
U, = By + BiXor + BrXop + BrgXos s 18 s 0o
6 8 1 6 4 1 12 1
U3 — ﬂlx3l + ﬂ33X33 10 8 0 10 4 1 8 0O
6 4 0 12 4 0 & 0O
12 4 1 12 8 0 12 0O
8 8 0 10 4 1 10 1

- Let x,,%,,%, 00{6,810,12},
X12’X22 D{418}1 and
X3, %3, %3 U{0, T} .

e Assume 8 choice situations
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U, =12-06x,; —04x,+03%; 5 0. .
U, =0.8-0.6%,; —0.4%,, +0.8X,; [a|s =
Us;= —0.6xy ~10x; 8¢ ¢

(= R = R R N

1

[l T = T o = T =
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Rl = | 7T | u| v| w| x| v | 2z |as| as| ac| ap| #E | &F | &G | a&H |
- )
alld propap — ——— —— = e = o]
"lis] cxpt | sum_cxp| Pjs] f| conl | con2 A E | | c2 | ] con1| COng & E | 2 5 | conl | cond2 A E [ c2 C3
61 BNMHR ST4E-03 060 f 0E0 000 EO00 240 060 000 000[0E0 020 1050 320 060 020 000[ 03 -015 -062 062 031 -0 0.00
-T2 TATE-04 GT4E-03 020 f 000 020 240 0E0 000 020 000 060 020 1080 520 060 020 000 -087 056 054 036 -027 056 0.00
-T2 TATE-04 GT4E-03 020 f 000 000 240 000 000 000 000060 020 1080 520 060 020 000)-027 -003 054 143 -027 008 0.00
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5&  HitfH# TOSE-03 045 000 000 543 000 000 000 043) 052 005 TA4 455 000 000 045 -054 -003 056 -2&7 000 000 057
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44 1E3E-02 133E-02 042 000 052 553 563 000 000 000) o0 082 654 ATT 004 000 007 -00d 005 -052 022 -001 000 -0.07
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T2 JATE-04 PAE-0F 034 § 000 000 443 000 000 000 000) 05 054 062 400 031 000 000]-013 -0.20 081 -255 048 000 000
Fizher information matrix: Intermedlate Computatlons
B conl | con2 A E c1 c2 3
i coml | 135 -0.33 -0.81 541 063 -020 046
con2 | -0.%3  OAT -022 A0 -02T 055 052
Iteratio 1001 A | -nE -DEE 0T -105 044 076 005
Max_it: 100 E 541 E80 -HO5 #i#E 201 155 442
C1 | oe3 -027 -044 201 063 006 000
C@ |-020 055 076 153 006 055 -0 H H H
Emrr e Fisher information matrix
AYLE matrix:
conicene] A ] B ol e2 ] el
conl [ 1583 1204 015 -153 586 -183 SEG
conZ | 1204 14536 005 -123 367 50 48
A | -013 003 043 007 000 -053 042
B | -1&% -123 007 045 035 008 055
1| -5&6 -567 000 035 501 074 -2a5
G2 | -1&63 540 -053 003 074 A6 054
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15 0 0 & 0O 0O 0
16 1 0 & 4 0 0
[ 0o 1 & & 0 0
15 0 0 & 0O 0 Q@
13 1 o0 # & 1 0
20 0 1 & 4 0 0
21 0 0 W 0 o qa
oz 1 o & & 1 0
25 o 1 W & 0o A
24 0 0 W 0 o qa
25 1 0 2 4 1 0
26 o 1 & & 0 0
27
%
23 e sSio
a0 5 [ Eil
31 [ IENEC 1
a2 2los & |06l & [o4] 0
35 sl 1 & |01l & [oala
Gd d|lod w|oe 4ol
35 slot 6 |or 4 fos] @
G 6l o |0z s [os5)
a7 Tl o & |oe & [os A
35 glot w2loz 404 1
54
40 z | A2 B2 i
41 Afor ] oz 4 [os]
4z 2lod 2 os 4 [oz] 0
4% loe m|o4 s o5
44 al o & |os 4 o1l
45 sloe &6 (o5 & [o4] 0
4 6lod 6 |06 4 [os] @
47 Tlos w|oz s [oa
4 Glof & o3 & [o6] o
43
50 5 | an - 3
51 [ IEEIEE 070
52 2| o] = 05 1
53 3|05 & 10
54 aloz & 05| 1
55 slof & oo
56 60 oo
57 Tlof o0& 0
5& gloa 12 [
53

Overview




The University of Sydney

FACULTY OF

ECONOMICS
ANDPBUSINESS

.. Step 3: Construct the Design Grid

C/D[EJF[G|H[T]

Let s = choice situation
Let | = alternative

Let each row represent an
alternative | within choice
situation s

Let each column represent an
attribute (or constant) within the
design (# columns = # parameters)

Ul 21810 +181X11+182X12+1813X13
U2= 1820+181X21+l82X22 +1823X23
U3 = 181)(31 +1833X33




| - £ =RAND(
AlB|l c | DIE]JF |G| H]
29
30| 5_|Al E1 C1
3t 1 [083] 6 [065 4 |06 O
32| 2 [0097 6 043 4 0059 0
== 3037 &8 | 0 4 |[0FE O
p;\:“\ 4 |064 8 002 4 |06 O
s 5 |055 10 |078 6 |034 1
36| B |07 10 [021 & |084 1
a7 7 |089 12 |01 & |03 1
38 8 |067 12 |001 6 |o009 1
39
40 5 |42 B2 c2
A1 1 |046 & [004) 4 [ 04 0O
42 2 |026 6 DB 4 |03 0
A2 3 |02 8 |092 4 |082 0
\—1?‘ 4 |0B5 8 072 4 |03 0
P‘_ 5 |069 10 |078 8 |042 1
A6 B |012 10 [022 & |048 1
A7 7 |008) 12 |054] B |0E3| 1
43 8 |039 12 055 8 |075 1
5 |
50| 5 |43 C3
51 1 |073) B 007 0
52 2 |06E 6 031 o
= 3 013 8 044] 0
Px\j?’ 4 0.13] 8 SR
1 5109 10 057 1
56 | B |062 10 051 1
57 71043 12 013] 1
==l g |04 12 045] 1
59
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For each alternative and each attribute,
create two columns

— Column 1: =RAND()
— Column 2: place the relevant attribute levels

The number of rows for each is equal to
the number of choice situations, S

Don’t do this for constants
Place attributes in alternative groups

Ul 21810 +181X11+182X12+1813X13
U2= 1820+181X21+182X22 +1823X23
U3 = 181)(31 +1833X33
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.. Step 4: Create Attribute Matrices (cont’'d)

C AT )~ fe 1
N | c|lD|E]JF|G|H]

F .
29 For each alternative, name the
30 [ s |ad |E1 [C1 . .
3 11085 B |08 4 |[018 O attribute matrix
32 2 1009 A 043 4 099 1] .
7 3lor gl o 4 loee o — SeleCt the matrix
%1 |2 loe 1o 6 oo 1 — Name the matrix (e.g., ALT1, ALT2, ALT3)
EE 6 |0.17 10 |021 B |084 for each alternative in the box in the upper
a7 7083 12 | 01 g |[0.33 1 I .I:
Gl g [087 12 | 001 g [ 009 1 1 e t Corner
39
40 s A2 B2 c2
a1 1 .45 A o4 4 0.4 a
42 2 | 02R A 0.81 4 0.35 a
43 3 02 a 09> 4 n.a2 a
44 4 | 088 a 072 4 0.35 a
45 5 | 0B 10 |1078 8 042 1
46 B |012 10 (022 8 048 1
47 o000 12 (10584 8 | 0ES 1
47 g 039 12 (0585 8 075 1




The University of Sydney FACULTY OF

ECONOMICS

. ANDBUSINESS

.- Step 5: Create the Constant Terms

c|o|lE|F]G|H] 1]

* For each constant, place alin
the column and row for the
relevant alternative (and O
otherwise)

o0 o0 o000 PO 0 200 =200 -00—=00—
OO0 -0 -0 =00 -=0O0-—=00—=00—=0
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.. Step 6: Allocate Attribute Levels to Design

AlB| c|D | E | F I G | H | | |

=VLOOKUP AL ALTT 3 =V0L0OKUPAL ALTT S) =wLOOKLPAL ALTT 7 a a
=VLOOKUPAS ALTZ 3 =VLOOKLUPAS ALTZ 5) 0 =VLOOKUPAS ALTZ 7 a
=VLOOKUPAG ALTS F) o 1] a =VLOOKUPAE ALTS T

O —- oo —= 0O —= 0

1
a
o
1
o
1
1
o
o

* For design attributes, link the attribute to the attribute
levels created in Step 4 (matrices ALT1, ALT2, ALT3)

* For alternative-specific parameters, the attribute is
zero if not appropriate

=VLOOKUP((“value to lookup” , “table to look in” , * return value from this column”)



.. Step 6: Allocate Attribute Levels to Design

TS
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#¢ B8 *
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AlB| c| D | E F 6 | H | | |
1]
2
3
4 1 0 | =VLOOKUP{a4 ALT13) =VLOOKUP(A4 ALT1 51| =LOOKUP(A4 ALTT 7 0 0
£ N 0 1 =YLOOKUP[AS ALTZ2 3) =WLOOKUP{AS ALT2 5) 0 =yLOOKUP[AS ALT2 7) 0
3 1 0 0 =VLOOKUP{AE ALTI 0 0 0 = OOKUP[AE ALT3 7)
7 1 0
=l > 0 1
g [ 0 0
3 1 0
3 0 1
3 0 0
AlB| c|D|E|F|G|H]
29
30 5 | A B 1
31 1|02z 6 [oes 4 [02] 0
32 2 |004 B |0Es 4 |08 0 |
33 3 |0Bs 8 |052 4 |077 D
34 4 |077 8 |009 4 |003 D
35 £ |0DF3 10 |0E9 & |[014 1
36 | § |o0s 10 |01 &8 |024] 1
37 7 |oA3 12 033 8 |o0BE| 1
38 8 D34 12 |oss| & |05 1
39

=VLOOKUP((“value to lookup” , “table to look in” , *

return value from this column”)
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.. Step 7: Set Prior Parameters

AlB|c|D|EJF[G[H] ]

1

20 priors: | 12 |08 (0|04 |03 |08 |-10

3

4 1 1] 5] 4 1] 0 1] —

g 0 1 g 4 0 0 0 Ul _ 12 - O6X11 - O4X12 + O3X13
5] 1] 1] 5] 1] 1] 1] 1]

7 1 1] 5] 4 1] 1] 1] —_ — —

g 0 1 E 4 0 0 0 U 2 - 0-8 O.6X21 O.4X22 + O.8X23
g 1] 1] B 1] 1] 1] 1]

10 1 0o 8 4 0 0 O U3 = —0_6)(31 —:]__O)(33
11 1] 1 g 4 1] 1] 1]

12 1] 1] g 1] 1] 1] 1]

13 1 1] g 4 1] 1] 1]

14 1] 1 a 4 1] 0 1]

15 1] 1] g 1] 1] 1] 1]

16 1 1] 10 a 1 1] 1]

17 1] 1 10 g 1] 1 1]

18 1] 1] 10 1] 1] 1] 1

19 1 1] 10 g 1 1] 1]

20 1] 1 10 a 1] 1 1]

21 1] 1] 10 1] 1] 1] 1

22 1 1] 12 a 1 1] 1]

23 1] 1 12 g 1] 1 1]

24 1] 1] 12 1] 1] 1] 1

25 1 1] 12 g 1 1] 1]

26 1] 1 12 a 1] 1 1]

e 1] 1] 12 1] 1] 1] 1

28

N
ol
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.. Step 8: Calculate Utilities

AlBlc | D|E|F |G| H]|] I | J

priors: | 1.2 |08 |06 (04|03 |05 |-1.0

T3
-35
-4
-4.4 .
3B =SUMPRODUCT (“priors”,“levels™)
5.2
56
-4.8
-5.2
-56
-4.8
7
TR
-7
S
-7 B
-7
-8.49
-8.8
-8.2
-5.9
-5.8
-8.2

K|
=SUMPRODUCT(3C52: $152 C4.l Vjs = Z ijij
k=1

o Y e R e N T e I R = e e e s s [ e s s Y s R e |
i e I B e I I T s [ v s |

DOm0 O omoDnoOoO oD oomno0 RO EREORE RO B R
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AlB[c|[D[E[JF]G[H] I [ J | L [ oM
0403|0810 |
wiis) | _expv | sum_expv | Pijs) exp (V )
4 0 0 0 [ =EXP(M) =K4+KEHE =K4/Ld P = IS
4 0 0 0| -44| =ExP@E)  =l4  =kEE is 3
0 0 0 0| 36\ =EMPUE)  =L4  =KilG
4 0 0 0 4 183602 579802 032 Zexp (V )
4 0 0 0| -44 123E02 57%E02 0.2 _ IS
0 0 0 0| 36 273E02 579E02 047 i=1
4 0 0 0| 52 55603 174602 032
4 0 0 0| A6 370ED03 174E02 021
0 0 0 0| -48 B23E03 174602 047 1. Calculate the
4 0 0 0| A2 &5E0E 174E02 032 _
4 0 0 0| A 370E03 174E02 021 exponentlals
0 0 0 0| -4B B23IE03 174E02 047
& 1 0 0| 77 A53EM4 1EEDI 04 =EXP(*value”)
& 0 1 0| 76 5GO0ED4 167E03 027 o _
0 0 0 7 O12ED04 187ED3 049 2. Within each choice
& 1 0 0| 77 453E04 187E03 024
3 0 1 0| -76 &00ED4 187EO03 027 set, sum the
oo o 7 912E04 187E-D3 049 .
58 1 0 0| 89 13E04 562ED04 024 exponentlals
& 0 1 0| 88 15/E04 562ED4 027 .
O o0 o 1| 82 275604 S5E2E-04 049 3. Compute probab|||t|es
& 1 0 0| -89 136E04 562ED4 024
& 0 1 0| 88 15E04 562ED4 027
0 0 o 1| 82 275604 5E2ED4 049
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J

|\/|ATij :(Xjks _Z)kaFi’sj /pjs e Calculate matrix MAT

i=1 e Compute the Fisher

Information matrix, using MAT

FISHER = MAT ™ (MAT e Compute AVC matrix, using
the Fisher information matrix
AVC = FISHER™ e Compute the D-error as the

determinant of the AVC matrix

» (scaled to the number of
D-error = DET (AVC) parameters)
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MATjksz Xjks_z)ﬁksl:?s \/i
i=1

| Piis) | conl [corn2| A BE [ o1 [ o2 c3

4 032 EC4*pp4d000 190 126 000 000 o0O| @ COmpute
4 021 ) 021 127 08 000 000 000
0 047 | DOD 000D 283 000 OO0 000 000 p
4 032 | 032 000 19 126 000 000 000 ij
4 0.21 DOo0 021 127 085 000 000 000
0 047 | DOD 000D 283 000 OO0 000 000
4 032 | 032 000 253 126 000 000 000
4 0.21 Do0 021 170 085 000 000 000
0 047 | DOD 000D 377 000 OO0 000 000
. 032 000 00 000 000
X. P 000 021 P 00 000 0.00
js|| 000 000 ij Sloo o0oo  ooo
024  0.00 24 000 0.00

0.27 0.00 027 283 215 000 027 000
0.49 0.00 oo 483 000 000 000 049
0.24 0.24 oo 243 154 024 000 000
0.27 0.00 027 283 215 000 027 000
0.4 0.00 oo 483 000 000 000 049
0.24 0.24 oo 291 1% 024 000 000
0.27 0.00 027y 322 215 000 027 000
0.49 0.00 oo 587 000 000 000 049
0.24 0.24 oo 251 154 024 000 000
0.27 0.00 027 322 215 000 027 000
0.49 0.00 oo 587 000 000 000 0439

—
~
(0]
o Y e [ s e s s Y s s s Y e Y s Y
Lo R v T v v s [ |
L I e R e T R e I w  w s Y s Y Y  w

o T o o o Y o o I




5
nnn. The University of Sydney

J
MATij: Xjks_z)ﬁksl:?s \/i
i=1

N]Jof[pla|lrR[S][T] v [v [W][xX]Y]Z][A]

¥ljsh * Pljs) sum i [ xlis)"Plis) ]

| con2 [ A B c1 | c2 | 3 conl  |eoom2| A | B [ 1 | o2 | 3
000 1590 126 000 000 000 GH4+NS+NE 021 600 211 000 000 0.00 ° Compute
021 127 08 000 000 000 =114 021 BO0 211 000 000 000

_ 000 283 000 000 000 O0.00 = 021 /00 211 000 000 0.00 J
AN\ 000 190 125 000 000 000 GW7+Ng+WI> 021 600 2411 000 000 000 z P
)ﬁks is

=1

Ly
]
=
—=

0oo )y o2 127 085 000 000 000 =LI7 021 BOOD 211 000 000 000

0 oo 253 000 000 000 000 =7 021 BO0D 211 000 000 000
10 0.3 000 253 126 000 000 000 0.32 021 800 211 000 000 000
11| 000 021 170 085 000 000 000 0.32 021 800 211 000 000 000
12| 000 000 377 000 000 000 000 0.32 021 800 211 000 000 000

OO (00 |~ | e LD D —
=
o I S
=

13| 032 000 253 126 000 000 000 0.32 0.21 000 0.0o0
14| 000 02 000 000 000 0.32 0.21 J 000 0.0o0
15| 0.00 0.00 X P 000 000 000 0.32 0.21 P 000 0.0o0
16| 0.24  0.00 JkS JS|o24 000 0.00 0.24 0.27 )(I kst is 027 049
17| 000 027 . . 000 027 000 0.24 0.27 | 4 027 049
18| 0.00 000 439 000 000 000 049 0.24 n27| 1=1 027 049
19| 024 000 243 154 024 000 000 0.24 027 Tooo 40Y T2 027 049

20000 02 2B3 215 000 02 000 0.24 027 1000 409 024 027 049
2 (000 000 489 000 000 000 049 0.24 027 1000 409 024 027 049
20024 000 281 1584 024 000 000 0.24 027 1200 409 024 027 049
23| 000 02 322 215 000 02 000 0.24 027 1200 409 024 027 049
2| 000 000 587 000 000 000 049 0.24 027 1200 409 024 027 049
25| 024 000 281 154 024 000 0.00 0.24 027 1200 409 024 027 048
26| 000 0 322 215 000 027 000 0.24 027 1200 409 024 027 048
27| 000 000 557 000 000 000 049 0.24 027 1200 409 024 0327 048
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MATjks =1 Xjs ~ Z )ﬁksF?s P

]
i=1

D | E|F

pute Matrix (X, -ZX; P.) VP, T
| W |

|a|B| ¢ | | 6 | H M | Lo oy |z oAaa | AR | AC | AD | AE | AF | &G | AH
12106 |06 |-04]|03 (|08 |-1.0 sum _i [ x{is)*P{is} ] [ x{js} - sum _i [ x{is) * P{is) ] ] * P{js)*0.3
Plis conl [con2 | A | B | €1 [ 2 | ¢3 | _cond  Jeon2| A [ B | o1 | c2 | C3
o 6 4 0 0O D0 (0.3 03) 021 600 211 000 000 000 §&C4-Udysnds0aD-012 000 106 000 000 0.00
g 1 & 4 0 0O 0 021 032 021 600 211 000 000 000 T 03 000 087 000 000 000
0 0 & O 0 0O 0 0.47 032 021 600 211 000 000 000 022 015 000 -145 000 000 0.00
1T 0 & 4 0 0 D0 0.32 032 021 BO00 211 000 000 000 0.38 012 000 106 000 000 000
o 1 & 4 0 0 0 0.21 032 021 B00 211 000 000 000 015 03 000 08 000 000 000
0 0 & O 0 0O 0 0.47 032 021 B00 211 000 000 000 022 015 000 -1.45 000 000 0.00
10 & 4 0 0 0 0.32 03 021 800 211 000 000 000 0.38 012 000 106 000 000 000
o 1 & 4 0 0 0 0.1 032 021 800 211 000 000 000 015 036 000 087 000 000 000
o 0 & 0 0 0 0 0.47 032 0200 241 000 000 000 = —
10 & 4 0 0 0 0.32 02 0] ] 000 000 J
o 1 8 I 0 0 032 0] 000 000
0 0 gy p 0 @ P 032 0] E )ﬂ P 0.00 0.00 X — E )g P F)
A VI [ o 0 024 0] ; ic |027 049 i ; i i
o 110 JkSJ 10 J 024 04 ks™ is 027 049 ij . ks™ is IS
o 0o 1M o0 0 0 1 0.43 oz o] 1=1 027 042 =1
1 0 1M 8 1 0 0 0.24 024 0 —mor—=or—o=— 027 043
o 1 W@ 8 0 1 0 0.27 024 027 1000 409 024 027 049 013 038 000 203 013 038 025
o o0 1w o o o 1 0.49 024 027 1000 409 024 027 049 017 019 000 -286 017 -019 036
10 12 &8 1 0 0 0.24 024 027 1200 409 024 027 043 0.37 013 000 193 037 013 -0.24
o 1 12 8 0 1 0 0.27 024 027 1200 409 024 027 043 013 03% 000 203 013 038 025
o o 12 0o 0 O 1 0.49 024 027 1200 409 024 027 043 017 019 000 -286 017 -013 036
10 12 8 1 0 0 0.24 024 027 1200 409 024 027 043 0.37 013 000 193 037 -013 -0.24
o 1 12 8 0 1 0 0.27 024 027 1200 409 024 027 043 013 03% 000 203 013 038 025
0 0 12 0 0 o 1 0.49 024 027 1200 409 024 027 043 017 013 000 -2B6 017 -013 036
ZJ J )
— X =SQRT(x or
° CompUte Xij XIkSFI)S Pj =x"0.5
i=1
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MATjks = Kjks ~ Z )ﬁksF?s P

js
i=1

Step 13: Name MAT Matrix

P fe =(C4-Udi™5h4n0.5)
Ac | AD | AE | AF | AG | AH |

~

[ =ljs} - sum i [ x{is) * P{is) ] ] * P{js}*0.5 . .
o] Al e lalolal © Selectthe matrix and name it MAT
03 012 000 105 000 000 000
015 036 000 087 000 000 000
022 015 000 -1.45 000 000 000
033 012 000 105 000 000 000
015 036 000 087 000 000 000
022 015 000 -1.45 000 000 000
033 012 000 105 000 000 000
015 036 000 087 000 000 000
022 015 000 -1.45 000 000 000
033 012 000 105 000 000 000
015 036 000 087 000 000 000
022 015 000 -1.45 000 000 000
03F 013 000 153 037 013 024
013 033 000 203 013 038 025
017 019 000 285 017 019 036
03F 013 000 153 037 013 024
013 033 000 203 013 038 025
017 019 000 285 017 019 036
03F 013 000 153 037 013 024
013 033 000 203 013 038 025
017 019 000 285 017 019 036
03F 013 000 153 037 013 024
013 033 000 203 013 038 025
017 019 000 285 017 019 036

rIE B RO R Ea R R = | = = = == == —= | —
el el ey K ) S e el ) e I ) = B i Al it el R

W
w
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l.. Step 14: Compute Fisher Information Matrix [t

i Fisher information matrix: ¢ CompUte FI S_IER - MATT D}\/IAT
] cond cond | A B 1 2 3

31 [ conl 1. Select an area of size K x K
32| con2 |
3| A | 2. Type =MMULT(TRANSPOSE(MAT),MAT)
gg CE: I and press <ctrl>+<shift>+<enter>
B I 3. Select the matrix and name it FISHER
38
A =MMULT(TRANSPOSEMAT) MAT) ’ﬁa&?’) - A (=MMULTTRANSP OSE(MAT) MATY}
wm | N o[ P JTalrRTs 1] —m | N [ o [P [ a[rR s 71]
5
e Fisher information matrix: @ Fisher information matrix:
[ conl |con2| A E c1 | c2 | ¢3 0 conl | con2 | A B c1 | c2 | ©3
conl  |=MMULT 31| con 1.60
conz 32| con? |
A 33| A
E 34| B |
C1 3/ o1 |
2 /| c2 |
3 7| c3 |
38




. The University of Sydney

FACULTY OF

ECONOMICS
ANDBUSINESS

llli

R | 5 | T |
g
Q: AVC matrix:
1] conl | conZ A B 1 2 3
41| cant
42| conZ
A3 A
441 B
5] 1
46| C2
A7 €3
43

B =MINYVERZSE(FIZHER)

nfJofJerplal]rR[S]T]

AVC matrix:
[cont [con2| A | B c1 | 2 | c3
=MINYERSE(FISHER

e Compute AVC =FISHER™

1. Select an area of size K x K

2. Type =MINVERSE(FISHER)
and press <ctrl>+<shift>+<enter>

3. Select the matrix and name it AVC

(Note: Do not worry if cells state #NUM! at this stage)

- & [=MINVERZE(FISHER]}

n|jolprla]RrR]S|]T|

AVC matrix:

conl | conZ A, B 1 c2 3

AVC )

o

40

41| coni

42| conZ

43 A

44 B

45 1

45 Cc2

47 3

F UL
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.. Step 16: Calculate the D-error

L m [N]JoO[P[Q]R|]S][T]
38
39 AVC matrix:
40 conl [eon2 | A | B [ ©1 | c2 | C3
41 |D-error:  =MDETERM{AWC)Y1/7) cont  [#RUMI #MURE UMD #UIME #URD UL UM
42 con2  [#RUMI UM ZNURML ENURML UM ENUM) UM
43 A [ENURL #UME EMURL ZNUIND ENURL UMD U]
44 B [#UMI UMD ENURME #NUME UMD UMD UM
45 C1 [FNUND FUIM UMD ERUMD ENURI UMD ENURI
45 C2 [ENUNMD AU UMD ERURMD ENURE UMD EN U
47 C3 [ENUMEENUML UM ENUMLENURML UM ENUR]
48

e Calculate the determinant of the AVC matrix
=MDETERM(AVC)

« Scale the determinant to the power 1/K where K is the
number of parameters
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l.. Macro Security Settings

 You may need to change the Macro security settings

Insert  Format Data ‘Window Help  adobe FDF
i Solver. .,
Macro k | | Macros... Alt+F5
Data Analysis. .. @ | Record Mew Macra...,
Security. ..

Yisual Basic Editor Alt+F11

Micrasoft Scripk Editor — Alk+Shifk+F11

Security

macros,

w0OU Opern,

|| Trusted Publishers |

) Yery High,
ko run. &l okher signed and unsigned macros are disabled,

FACULTY OF

ECONOMICS
ANDBUSINESS

Cnly macros installed in trusted locations will be allowed

"3 High. ©nly signed macros From trusted sources will be allowed to
run, Unsigned macros are automatically disabled,

(%) Medium. You can choose whether or nok to run potentially unsafe
) Low {not recommended), You are not protected From potentially

unsafe macros, se this setking only if wou have virus scanning
software installed, or you have checked the safety of all documents

L Ok J [ Cancel
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.. Macros i

 Macros can be created in two ways:
— Recording macros through performed
— Write macros yourself (in Visual Basic script)

We will use both ways of creating macros

* You can then use the macro to repeat the same task
over and over again
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|
.- Recording macros 1l

O Recording macros:

Insert  Format | Tools | Data  wWindow Help  Adobe PDF

A Solver. . 1. Start recording new macro
[ ttecro P| # ] Macros.. Al 2. Give macro a name
Data Analysis. .. |¢ Record New Macro,., | )
¥ Sa—— 3. Perform tasks in Excel
Wisual Basic Editor Alk+F11 4. Stop recording macro
Microsaft Script Editar— Alk+35hift+F11

Shh¥ X
|
iz 2 X O
Macro name: Insert  Format | Tools | Data  Window Help  Adobe POF
| Rand| | e F Solver...

Shorkcut key: Skore macro jn: | Macra vl e Macros... alk+Fa
Ctrl+|:| |Th|s Workbook ad | tas kS cea Bt Al o | o Tl

Description: " ; )

Macro recorded 1/16/2007 by johnr SECUFITY.

#  Wisual Basic Editor alk+F11
G Microsoft Script Editor Alk+Shift+F11
L 04 ] [ Cancel ]
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. Step 17: Randomising the Design

A[BIC|D[EJFJ]G]H] 29A|Ei| CIDJEJF]G]H]

29

30 5 Al Bl 1 30 s AT Bl C1 s lhoe b ek |
3 1 |0F5 6 |0BB| 4 |054] O 3 1 002 10 |00 & 004 0 ] T -y e T
32 2|01 6 |033 4 |o89| D 32 2 (o002 12 (o3 4 o111

T 30018 8 072 4 |076 0 33 3 (o1e 8 (033 4 |01z 1 o1 8 & 0O 1 0
3 10089 8 |013 4 |00 O 34 4 |06 B |059| 8 |07 1 o o & 0o 0O 0 1
35 5|00z 10 |oes| & |017] 1 35 £ (063 10 |06 8 |044 O 1 o 12 4 1 0 0
36 F0E3 10 053 8 (011 1 36 6 |0B5 B |06 4 |07 O o 1 b g o a a
37 7 loaa| 12 |ooo| 8 [o7s 1 37 7 |oss 12 (o072 4 |07 1 0o 0 B 0O 0 O 1
35 g |00z 12 |ose| & |oiz2] 1 35 g8 oo 8 o998 o890 1 o 8 4 1 o 0
35 0 1 &8 8 0 0 O
40 5 A2 B2 c2 - s A2 B2 c2 O o0 10 0O 0 0 0
41 11013 B |09 4 |08 0 41 1 |008 &8 1 B (018 1 1 0 5 2 1 0 1l
42 2 |043 B 0.4 4 076 0 42 21013 B (039 8 oz ] 0 1 = 4 0 1 0
43 3|03 8 |05 4 |02 0 43 3|03 8 (039 8 |026| O O 0 12 0 o0 0 1
44 4 oo 8 |o53 4 |02 D 44 4043 B |04 4 |03 1 1 0 m 8 o0 0 0
45 5 (085 10 |074] & |031] 1 45 5056 10 |05 4 |05s 0 1 . e " :
45 6 (053 10 |039] & |097 | 1 45 B (0539 12 |05 4 |076 D

47 7 o6l 12 (099 8 |ose 47 7 lost 12 {074 8 |08e o o o s o 0 0O O
45 g (059 12| 0 | 8 |oi8] 1 45 g (093 10 |09 4 |97 1 1 o & 4 0 0O 0O
49 49 1] 1 12 4 0 1] 1]
50 5 |A3 C3 &0 s [A3 } C3 0 0 B 0 0 0 0
51 1 (024 B 063 D 51 1 (024 B 006 1 1 o 12 4 1 o 0
52 2 036 6 043 0 £2 2 036 6 019 1 0 1 12 8 0 0 O
53 3062 B 037 0 53 3 (043 10 037 0 o o0 12 0 0 0 O
54 4 |0FE B 049 0 54 4 | 0E | 12 04 | 1 1 0o 8 8 0 0 0
55 5 |045 0 10 091 1 85 5 |0EZ2 8 043 O ] 1 10 4 0 1 1
ala] B (093 10 00s | 1 a6 E |0ES 8 04| 0O 0 0 10 0 0 0 1
£7 7 (083 12 04 | 1 57 7 (o83 12 063 O

£5 8 |06 | 12 REIRE 55 g |09 10 TEE
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.. Step 17: Randomising the Design (cont’d)

M . . [1 1
Qa a[BE[CTDTETFTEe[HT « Randomise design (store in macro “Rand”)
30 5 [|AT B C1 1. Select attribute level columns (including header)
31 1 065 & [06s 4 {054 0
7, 2 (061 B o033 4 (089 O 2. Select Sort from the Data menu
33 3loe 8 |07z 4 (076 O _
34 4loes 8 (o2 4 [004 0 3. In the Sort window, select OK
35 5002 10 |05 8 (0170 1 _ _ _ _
36 6|06 10 |oss & |01 4. The first column is sorted, changing the attribute levels
37 7 (o84 12 [oo9| 8 [o7a] 1 ,
= g ooz 12 Joss s |02 1 ... Repeat for all attribute level columns
39
Format  Tools | Data | Window Help  adobe PDF |v| (%) ascending e
A Al |%¢ Sort... | ) pescending Alelc | D|E|F |G| H]
Then by 29
Text to Columns. .. | v| ) Ascending a0 R ||.-"3'~1 ||B1 1
(") Descending a1 100 10 |0RE 4 (054 0O
Then by 32 2 (oo 12 (o33 4 |o0E9 0
| v| {*) ascending 33 Jfoe 8 oy 4 (0760 0
{:}Descending 34 4 1 ET 5] 0.13 4 0.04 ]
My data range has 35 51063 10 [[oes & (017 1
l@}Heau:ler Fi DND header raw 36 6 [iELES B 0.59 g 0.11 1
- - 37 7 lossa 12 foos 8 |07 1
[thi-:uns...] [ oK ]’ Cancel l gg g 1082 8 =D.99 g (012 1




l.. To View the Macro

Sul Rand()

Data ‘Window Help  Adobe PDF

| Salver...

Macro 3 |

F Macraos... Alk+FS

The University of Sydney

FACULTY OF

ECONOMICS
ANDPBUSINESS

Daka Asnalysis, ..

bt
=

@  Record Mew Macro. ..

Securiby..,

Visual Basic Editar Alt+F11
Microsoft Script Editor  Ale+Shifc+F11

Macro nane:

| Fand

L

Cancel

Step Into

Macro recorded 171572007 by Bliemer_M

Create

Delete
Macras in: Al Cpen Waorkbooks b | Options. ..
Descripkion

Fange ("C30:D35") .S3elect

Selection.Sort Eeyl:=Range ("C31"), Orderl:=xliscending, Header:=xlGuess,
OorderCustom: =1, MatchCase:=False, Crientation:=xl1lTopToBottom,
DataOptionl:=xl3orcNormal

Range ("EJO0:F38") .2elect

Selection.Sort Keyl:=Range ("E31"), Orderl:=xliscending, Header:=xlGuess,
OrderCustom: =1, MatchCase:=False, Orientation:=x1TopToBottom,
Datadptionl:=xl3ocrtNormal

FRange ("G30:H35") .S3elect

Selection.3ort Eevl:=Range ("G31"), Orderl:=xliscending, Header:=xlGuess,
OrderCustom:=1, MatchCase:=False, Crientation:=x1TopToEottom,
DataOGptionl:=x13ortNormal

Fange ("C40:D45") .Select

Selection.Sort Eeyl:=Range ("C41"), Orderl:=xliscending, Header:=xlGuess,
OrderCustom:=1, MatchCasse:=False, Crientation:=xl1TopToBottom,
DataOGptionl:=x13ortNormal

Range ("E40:F48") .Select

Selection.3ort KEeyl:=Range ("E41™), Orderl:=xliscending, Header:=xlGuess,
OrderCustom:=1, MatchCasse:=False, Crientation:=xl1TopToBottom,
DataOGptionl:=x13ortNormal

Range ("G40:H48") .Select

Selection.3ort Keyl:=Range ("G41"™), Orderl:=xliscending, Header:=xlGuess,
OrderCustom:=1, MatchCase:=False, Crientation:=xl1TopToBottom,
DataOGptionl:=x13ortNormal

Range ("C50:D58") .5elect

Selection.3ort KEeyl:=Range ("C51"), Orderl:=xliscending, Header:=xlGuess,
OrderCustom:=1, MatchCase:=False, Crientation:=xl1TopToBottom,
DataOptionl:=xl3orcNormal

Range ("G50:H58") .5elect

Selection.3ort KEeyl:=Range ("G51"), Orderl:=xliscending, Header:=xlGuess,
OrderCustom:=1, MatchCase:=False, OCrientation:=x1TopToBottom,
DataOptionl:=xl3orcNormal

End Sub
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Run the Macro

Data ‘Window Help  Adobe PDF

| Salver...

Macro >| b Macros.., Al

Data Analysis... @ | Record Mew Macro. .,

3 Securiby..,

Visual Basic Editar Alt+F11

Microsoft Script Editor  Ale+Shifc+F11

Macro name:

| Rand

Cancel

Step Inka

Edit

Create

]

Delete

Macros in; Al Cpen Warkbooks w | Options. ..

Descripkion
Macro recorded 1/15/2007 by Bliemer_M

The macro

changes the design,

a new AVC matrix

is calculated, and

a new D-error is reported

ANDPBUSINESS

I 0 T ¥ T L M N [ o[ P ol RS T]
E:=1
| 39 | AVC matrix:
40| conl Jeor2] A [ B [ o1 J 2 [ c3
41 ] D-error: | 1.076263 conl | 1698 1252 -133 222 263 452 530
42 | con2 | 1252 1373 -1.25 190 465 044 521
| 43 | A 133 125 022 022 08 020 046
44 | B 222 190 022 036 065 067 063
| 45 | [ 263 468 056 065 553 0653 218
| 45 | C2 42 044 020 067 053 B35 048
47 | C3 530 521 045 063 218 048 460
48
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.
|| Step18: Design Search |

* Determine how many random designs (iterations) you
wish to search

* Create two values (and note the cells you place them in):
— Current iteration
— Maximum iteration

32
33 lteration: 1
34 Max_iter: a00
35
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.- Step 18: Design Search (cont'd)

 Create a new macro (call it “Run”) to randomise the current
design from iteration 1 to the maximum iteration number.

« Each Macro routine begins with the command Sub (followed
by the name you give the routine) and ends with the
command End Sub

Macro name:
| i
Format | Tools | Daka  Window Help  Adobe PDF
| Salver...
M . Step Inka
Macra F Macraos... alk+Fg Sub Funi()
Diata Analysis. .. @  Record Mew Macra,,, Edit |
w End 3ub
i Security...
I Create I
®| Wisual Basic Editor Alk+F11
Delete
Microsoft Scripk Editor — Ale+Shifk+F11
Macros in; Al Cpen Warkbooks w | Options. .
Descripkion
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.. Step 18: Design Search (cont’d)

 Reading the maximum number of iterations from Excel:

Maxit = Range(“K34").Value

« Writing the iteration number to Excel:

Range(*K33").Value = 1

32
33 Iteration: 1

34 Max_iter: s00
35
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.. Step 18: Design Search (cont’d)

« The following macro creates iteratively new random
designs (by calling the earlier created macro “Rand”):

Sub Runi)

Maxit = Range ("E34"™) .Value

For it = 1 To HMaxit

Fange ("E33™) .Value = it
Fand

Next it

End Sub
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. Step 18: Design Search (cont’d)

Sub Runi)

* Read D-error of current design

Haxit = BRange ("E34™) .Value .
» Read D-error of best design so far

For it = 1 To Maxit

Range ("E33™) .Value = it
Rand

» Some checking to avoid runtime errors

I error = Range ("EK41l").Value
Eezt = Bange ("E42") .Value

If Not (IsError (D _error)) ind D_error > 0 Then e If current deSign has lower D-error than
best design so far, store the new D-error

IT D error < Eest Then

Best = D_error I | J | b |
Range ("E42") .Value = Best 32
33 lteration: 1
End If 34 Max_iter: 100

35
End If 35

) a7
Hext it 35

29
40
41 D-error: | 1.109927

42 Best: 9999999 «—— (start with a

43 large number)
50

End Sub
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Best Design

e Save the best design found to date
— If the D-error of a new design is better than all other designs
before it, then we want to keep it

— To do this, we can record a macro to copy the design to a new
worksheet if it has a lower D-error than the previous best design



i
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.. Step 19: Store the Best Design (cont’d)

* First some preparations:

— Begin by giving the worksheets appropriate names

¥ ' Des ¢ Best / Sheetd /

— Copy the formatting from the worksheet Des to worksheet Best
* Copy all (e.g., <ctrl>+A and then <ctr|>+C) from worksheet Des

e Select worksheet Best

Paste Special

o Select cell A1 and right-mouse click Pa{s:;e
Al
* Choose Paste Special, and select Formats O Farmulas
) Yalues
A B | ¢ [ D @ Formats
1 - () Comments
g & Cut Cperation
i 58 Copy
5 [ﬁ Paste
5] | Paste Special, ..
7
5 Insert... [] skip blanks
g Delete...
10 Clear Conkents

() yalidation

() All except borders

() Colurnn widths

) Formulas and number Farmats
(3 Walues and number Formats

|:| Transpose

I o] 4 l’ Cancel ]
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.. Step 19: Store the Best Design (cont’d)

 Record a new macro (call it “Paste”) that copies the design
In worksheet Des into the best design worksheet Best

(start recording macro)
— Copy all (e.g, <ctrl>+A and then <ctrl>+C) from worksheet Des
— Select worksheet Best

— Select cell A1 and right-mouse click Paste Special
. Paste
— Choose Paste Special, and select Values Ol O validation
) Formulas () All except borders
— Select worksheet Des O o
. A B | C | D ") Formats {3 Formulas and number Formats
(Stop reco rd In g m aCI'O) ; " () Comments () walues and number Formats
N Cperation

3 =3 Copy F{lz) Mone ) Mulkiply

£ L Paste O add O Divide

5] | Paste Special, .. O Subtract

g Insert... [] skip blanks [] Transpose

g Delete...

10 Clear Conkents [ = ] [ Cancel ]
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.. Step 19: Store the

Sub Runi)

Maxit = Range ("E34™) .Value
For it = 1 To Maxit

Range ("E33") .Value = it
Pand

D error = Range ("E41"™).Value
BEest = Range ("K42") . Value

If Mot (IsError (D error)) ind D error > 0 Then

It D_Errnr < Best Then

FACULTY OF

ECONOMICS
ANDPBUSINESS

Best Design (cont’d)

e Edit macro “Run”

Eest = D error
Range ("E42™) .Value = EBest
Pazte
End If
End If
Hext it

End Sub

» Paste the new best design if D-error is
smaller than current best design

Tip
To make the macro run faster, include:
Application. ScreenUpdati ng = Fal se




y I\
&EIEEI* 7

The University of Sydney

FACULTY OF

ECONOMICS
ANDBUSINESS

.- Step 20: Create Run Button 1l

]

Mormal

Page Break Preview

4
|

Toolbars

Zoom. ..

7

Wie h Insert  Format  Tools Data  Window  Help

L4 | Standard

Formatking
Borders

Chart

Control Toolbox

Drawing

Make the Forms toolbar visible
From the Forms toolbar, select Button
Click, drag, and release to create a button

1.
2.
3.
4.
5.

Assign the macro “Run” to the button
Change the button name to “Run”

\:Q

/a//ﬂ//////////////

Run|
T

g\\\‘ﬁx\\
s

| K L | M | N]JO| P |[al|rR|s]|T
External Data
roms | Assign Macro 4 x|
Formula Auditing o
List 32 Macra name:
=5
Picture T | Run 8] 4
Past

PivotTable 34 Rgsn;
Protection 35 Run
Task Pane EJ a5 Record..,
Text Ta Speech v @ 38
Wisual Basic .r__ =1 40
wiabch Window ﬁlﬁ 4 D-error: | 1.284642

N 42 Best: 9399999
b = ﬂ 43 Macros in: &l Open Woarkbooks w
Wiordart o= = a4 -

=] escripkion
PDFMaker 6.0 L e 45
Cuskamize. .. o j - 46

CEE— AT

55
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.- Step 21: Press the Run Button

Run ‘




