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What is the best-worst choice task? What is the best-worst choice task?

Contraceptive products
Describe contraceptives by using 7 attributes
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What is the task? @ Product
@ Show a product described by k attributes. @ Effect on acne
@ Attribute g is shown at one of its /4 levels. @ Effect on weight
@ Respondents are asked which feature of the product is @ Frequency of administration
best

@ Contraceptive effectiveness
@ Effect on bleeding
@ Cost

@ and which is worst.
@ Repeat for several product descriptions.

The levels of frequency of administration and contraceptive
effectiveness are nested within Product.
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What is the best-worst choice task? What is the best-worst choice task?

Below is a hypothetical contraceptive product which has the
features described. Please read the description of the product
and choose which in your opinion is the best feature of this

Motivation for the task
product and which is the worst.

@ Allows direct comparison of all levels across all attributes.

@ Can average effects of all levels for an attribute and talk of
the attribute impact.

@ Can be more acceptable task than the usual DCE,
particularly if a choice set has multiple implausible options.

Best Worst
Intra-uterine hormonal device
Has no effect on acne symptoms
May lose up to 1kg in weight

Administered once per year
1in 1000 women using this product @ Even if all options are plausible, task may be less

get pregnant in a 12 month period cognitively demanding for some respondents.
Cost is $7 per month

Most women using this product
experience irregular bleeding
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The model The model

Attribute-level maxdiff model

The choice set Marley, Flynn and Louviere (2008)
Given a profile (x1, Xo, ..., Xk) = X BWx(x;, X;) - probability that jointly (level x; of factor F; is chosen
the implicit choice set of pairs from which a respondent is as best, level x; of factor F; is chosen as worst) from profile x.
making a choice is given by: BWy - best-worst choice probability for profile Xx.
Define BWy Vx € P
Cx = {(x1,%),(x1,X3),...,(X1,Xk), (X2, X3), ..., Satisfies attribute-level maxdiff model iff 3 positive scale b on
(Xk—1, Xk)s (X2, X1), (X3, X1), - - -, (Xks X1), the attributes such that for every x € P and for any two distinct
factors,
(X37 Xg), ey (Xk, Xk—1 )}
By (x5 ) - b(x)/b(x)

S K rq(b(Xg)/b(x))
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The model The model

Incorporating attributes

Let b(x;) = exp[BF, + B, -

Then the set of best-worst choice probabilities, BWk, satisfies
@ 2-invertibility; that is,

Link with the MNL model
BWi(x;, x;) BWx(x;, x;) = BWx(xq, Xr) BWx(Xr, Xq),

Define
where 1 <i.j,q.r<k,i#jandq#r; b(X)
@ 3-reversibility; that is, 7T(Fixh Fij) — b(x.) — eXp[ﬁF,- + IBF,,X,- _ (5/—', + 5,__/'7)(/')]
BWx(xi, X)) BWy (¥, ¥q) BWa(24, 2i) = BWa(2;, 2q) BWy(yq, ¥;) BWx (X}, Xi), !
where X = yj, yq = zgand z; = x;, and i # j and j # q; 7 - vector containing the distinct 7 (F;x;, Fx;)
@ 4-reversibility; that is,
vy=In(m)
BWi(x;, x;) BWy(Y;, Yq) BWa(2q, 2r) BWan(wr, w;)
= BWw(w;, wr) BW; (21, 2) BWy(yq, ¥j) BWx (), Xi),
where X; = yj, Yg = 2q, Zr = wy and w; = x;, and | # j, j # g and
q#r.
so this b gives an attribute-level maxdiff model.
The model The model
Definition of A
n " { 1 if profile (x4, X2, ..., xx) in BW task,
(X1,X2,...,x¢) — C = ; ; i .
155200 %k 0 if profile (xq, X2, ..., Xk) not in BW task. As defined A\
N = 3" nc is the number of profiles in the experiment. is information matrix for ~
Lett = (Xg,, Xg ), S = (Xgs, X,
( 1 Q2) ( a3 Q4) for MNL model
A, o T Nc - ueciut)} Tu
tt — xny 2 . apags .
N ey Cuecm) selection probabilities given by BWy
and for profiles in P and corresponding choice sets Cx
_ —TtTs ne
Nis = N Z

—_—.
{ClteC.scC} (Xuec )
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The model

The entries in A when =1

 k(k—1)—1
M= Nk - 2= ™
{C|teC}

and

—1

Ns= 7" .
= Nk TP g2
{C|teC,s€C}
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The model

The entries in 36/ from profile 0 1 1 when 7=1

Row 0415 has 5 in column 0415.

and has -1 in columns 0413, 1513, 1504, 1304, and 1515

and has 0 in all other columns.

Rows 0413, 1213, 1204, 1304, and 131, also have 5 on diagonal
and -1 in columns corresponding to the entries in the implicit

choice set.

All other rows are 0 throughout.
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The model

Example k = 3 attributes, each with /4 = 2 levels

Complete set of profiles is:
000, 001, 010, 011, 100, 101, 110, 111

Consider profile 0 1 1

Implied choice set is (subscript is attribute):
{0112,0113,1213,1204, 1304, 1312} = C

Number of levels = 2+2+2=6
Number of pairs of levels =2 x 4 x 3 =24

Labels of rows and columns of A:

0102, 0412, 1402, 1415, 0103, 0413, 1403, 1413,
0203, 0213, 1203, 1213, 0201, 0214, 1204, 1214,
0304, 0311, 1304, 1314, 0302, 0315, 1302, 1312
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The model
The first 12 rows of 36A
04 04 14 14 Oy Oy 1y 1y 02 02 12 12 02 12 02 12 03 13 03 13 03 13 03 13
Op 12 0p 12 03 13 03 13 03 13 03 13 0¢ 0y 14 14 04 04 14 14 02 02 12 1p
o o o o o o o0 o0 o o o o o o o o o o o0 o o0 o o o
o 5 0 0 0 - o 0 0o o 0 - o - o 0 0 - o 0 0o o 0 -
o o o o o o 0o 06 OO0 0 O OO OO O 0O O0O D0 O0 0 0 O
o o o o o 0 0O 0OOO O O O O O OO0 O0 O0 0 0 0 o0 o
o o o o o o 06 0O OO0 O O OO OO O O O0OO0 0 0 0 O
0o - o 0 0 5 0 0 0 O O - 0o - o 0 0 - o 0 0 o 0 -
o o o o o 0o 06 0O OO0 O O OOOOO0O 0O O0O O0 0 0 0 O
o 0o o o 0 0 OO0 O O O O O O0O O 0O O0O O0O 0O O0O O0 0 0 O
o o o o o o 0O 0O OO O OOOOIO0OO O O0O O0OD 0O 0O 0 O
o o o o o o 0o o o0 0O 0O OO 0 O OO OTOTWO O OO0 O
o o o o o 0o 0O 0O OO O OOOOO0OO0O 0O O0O O0 0 0 0 O
0o - o 0 o0 - o 0 o0 o o 5 0 - o 0 o0 - o 0 o o o0 -
o o o o o 0 0O 0O OO O O OO O0OD O0O O0O 0O O0O 0 0 0 0 O
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The model

Bringing back 3

v(Fix, Fiy) = B, + Brx — (BF + BEy)

Transform A to the information matrix for the 3, and the Sr.
Let

16/ = (BFwﬁFgw"75Fk7ﬁF107"'75/:1(1—175/:20""7[3/:2@2—17""

BF;(Oa R Bkak—1 )

Define X by v=X 3.
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The model

Example X’ matrix, k = 3 attributes, each with /4 = 2 levels

04 04 1y 14 Oy Oy 14 1y 02 02 12 12 02 12 02 12 03 13 03 13 03 13 03 13
0p 12 0p 1o 03 13 03 13 03 13 03 13 04 Oy 14 14 04 04 14 14 02 02 12 1p
1 1 0 0 1 1 0 0 0 0 0 O - - o 0 - - 0O 0 0 O 0 O
o o0 1 1 o 0 1 i1 0 0 0 0 O O - - o 0 - - 0O 0 0 o
- 0o - o 0 0 o0 0 1 1 o o0 1t o 1 o 0 0o o o0 - 0 0
0o - 0o - o 0 0 o O o f1 i1 0 1 0 1 o 0 0 0o O o0 - -
o 0 0 o0 - 0o - 0o - 0o - o o o o o 1t 0o 1 0 1 o 1 0
o 0 o o 0 - 0o - 0o - 0o - o 0 0 o o0 1 0o 1 0o 1 0o 1
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The model

Example k = 3 attributes, each with /4 = 2 levels (cont)

B' = (BF,» BFys BFs» BF,05 BF, 15 BE,0, BFa15 BF305 BEs1)-

7(01,02) = BF, + BF,0 — (B, + BF0)

with corresponding row of X
1-010-000
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The model

Example Reduced X’ matrix, k = 3 attributes, each with ¢, = 2 levels

04 04 14y 14 04 Oy 1y 13 02 02 12 12 02 12 02 12 03 13 03 13 03 13 03 13
0p 12 0p 1 03 13 03 13 03 13 03 13 04 04 14 14 04 04 14 14 0 0p 12 1p

t 1+ 1111111 0 0 00 - - - - - - - - 00 00
- - - - 0 0 0 O 11 1 1 1 t 00 o o0 - - - -
- -11 - -1t o0 0 o0 o0 1t 11t - - 11 - - 0 0 0 O
-1t -1t 0 0 00 - 1t - 1t 1 - 1 o o o o 1 - 1 -
0O 0 O Tt - 1 - 1 - A 0 0 0 O Tt - 1 - 1 - A

Same idea for any situation - k — 1 parameters for the impact factors, Zq Lq — k parameters for the levels
of attributes.

Call this matrix R.
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The design question The design question

Comparing Designs

The design question To compare designs for their ability to estimate s, we need F,
information matrix for gs. Get this by calculating

@ information matrix for ~, A,

@ the reduced matrix R
If we are only fitting main effects, can we get as much @ Evaluate F = R'AR.
information about the attribute levels by showing (the right)
subset of all possible combinations of attribute levels, or do we
have to show all possible combinations of attribute levels?

What set of profiles should we show to get as much information
as possible about the scale of the attribute levels?

Use the generalised variance, that is, the determinant of the
variance-covariance matrix, to compare designs.

The D-optimal design has the smallest determinant of the
variance-covariance matrix.

Equivalently, it has the largest determinant for the information
matrix.
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The design question The design question

Det({F) for k=3 binary attributes, Main effects only

25
Example k = 3 attributes, each with ¢, = 2 levels = = = gmooe
Complete set of profiles is: = : ....;:.; ..: o :.; ....:.:...::.
000, 001, 010, 011,100, 101, 110, 111 o e vmeme v we
Each profile can be included or not in a BW task. % Teten ool e T wee eee o
So there are 28 — 1 = 255 different possible designs to 1 PRISSNCSEIRCISRS R SSRGS 5 Kl R &
compare. ]
For each of these calculate det(F).

04 LB _ 1 I ___ N J L ] TR L 1 1] [seesete] L ] L ]

DI 5‘0 1DID 15‘0 20‘0 25‘0

Design
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The design question The design question

Orthogonal array - OA[N; 04, 4o, ..., Lk; 1]

The best designs are N x k array with
elements from a set of /4 symbols in column g such that
any N x t subarray has each t-tuple as a row equally often.

000 001 000 t is the strength of the OA.
011 010 001 OA[N =8;01 =20, =203 =204 =2,05 =4, =2]
101 100 010
110 111 011 c. o0 0 0 0
100 0 0 1 1 2
101 0 1 0 1 1
110 0 1 1 0 3
111 1 0 0 1 3
1 0 1 0 1
1 1 0 0 2
1 1 1 1 0
OA[N = 18; 51 = 3, 52 = 3, 53 = 3, 54 = 3; = 2] Det(F) for k=3 ternary attributes, Main effects only { N up to 18)
subdivided into OA[N = 9;¢1 =3,0, =3,{3 =3,04,=3;t=2]s 144 o -

0 0 00 0 0 0 1

01 1 1 01 1 2 0 *  Stece

0 2 2 2 0 2 2 0 = 08

10 2 1 10 2 2 - 5 Blsie) "siss e

1210 12 1 1 paf NIV RIS

2 O 1 2 2 O 1 0 0.z - et e B 4 &

21 2 0 2 1 2 1 o

2 2 0 1 2 2 0 2 DI QDID 4DID SDID EIDID lDIDD
Design
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The design question The design question

Performance when (04,05,03,1¢,12,13) = (1,1,1,1,1,1)

General result when w=1 _ _ _
If respondents see all the treatment combinations in the = EetGionk S ol st e i el oy
complete factorial, or just those in an orthogonal array with = = P
. . . . . - >0
t = 2, then the information matrix for the attribute-level maxdiff ol ww 6 se sewmw
model is & NITT IR wwe
2 2 15 4 * & = * o BN » * B8N W & - e 9
ﬁlk—1 - m‘jk—1 0k—1,€1—1 s Ok—1,€k—1 = % - .o“ .o oo.. - = o. "wee S4e NG
1 '
Oy —1.k-1 tamkle-1 - 0141 8 1/ Sisss lons o0 I8 sl o siospy samame
. . . )
: : 1 |
04, —1,k—1 0, —1,6,—1 o marok ke
04 LB _ 1 I ___ N J L ] TR L 1 1] [seesete] L ] L ]
where a = Zq lq- 0 50 100 150 200 250
Design

The design question The design question

Performance under alternative hypotheses Performance under alternative hypotheses
(01,02,03,11,12,13) =(1.2,1,1,1,1,0.8) (01,02,03,11,12,13) =(1.2,1.2,1.2,0.8,0.8,0.8)

Det(F) Det(F)

B3y 20 .

*»
*H

20 L4

15

&%

154

104

10+ 0

pl12111108
-
p121212080808




The design question The design question

Performance under alternative hypotheses Performance under alternative hypotheses
(01,02,03,11,12,13) =(1.4,1.2,1,0.9,0.7,0.5) (01,02,03,11,12,13) =(1.6,1.5,1.4,0.6,0.5,0.4)
Det(F) Det(F)
16 4 =]
144 y ° 81 .0 °
12 .Q! ' : 79 : 3‘ ; :
* ' o e b . : i .
8 10 . 8 % g L e :. . =
HE éi: Gy
%_ & ‘ ' %3- > ' b ..
4 - 2 ’
2 14
0 L] 0 L]
o 5 10 15 20 2;3 DI 5 10 15 20 25
null null

The design question The design question

Performance under alternative hypotheses How much is lost by using a non-optimal design?

(01,05,03,11,12,13) = (2.0,1.9,1.8,0.4,0.3,0.2) o5 131
Det(F) (01 ,00,03,14, 12, 13) or or 219 255
a5 ; 150 137
30, . 2 A11111) 1 0830 0985 1
S (1.6,1.5,1.4,06,05,0.4) | 0997 0.948 1  0.997
8 2°1 e vt 0l (2.0,1.9,1.80.4,03,02) | 0940 1 0962 0.941
2 20 ® L ]
515- "y . i, Design | 000 001 010 011 100 101 110 111
g : g : . 15 |0 1 1 0 1 0 0 1
- % ot 150 | 1 0 O0 1 0 1 1 0
os ] ’l < e 131 i 0 o0 o0 o0 o0 1 1
= . 137 i o0 o0 o0 1 o0 o0 1
- - - - - p 219 1 1 0 1 1 0 1 1
rul 255 1 1 1 1 1 1 1 1
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The design question The design question

Recovering Orderings (cntd)

Can all level orderings be recovered? Letk=3and (; =l =(3=2

Letk=3andly = lp =3 =2 Suppose that 04 > 0o > 15 > 03 > 11 > 13.

Choice set Choice Ordering
010503 0103 01 > 00> 04
011213 0113 01>12>13

Suppose that 01 > 02 > 03 > 11 > 12 > 13.

Choice set Choice Ordering

110213 0213 02>11>13

010203 0103 01 >02>03 111504 1514 15> 03 > 14

011213 0113 01>12>13

110215 0213 0o >11> 13 from which we can recover

111203 0312 03>11>12 01 >0,>03>1y >13and 0y > 15 >03 > 1y > 13
but we do not know the relative rankings of 0, and 1.

from which we can recover the original ordering. Having the other 4 profiles from the complete factorial will not help sort

this out since 0, and 1, are never in the same profile.
Could be addressed by using other designs that did not just consider
profiles.

The design question
Contraceptive Choices Example

Contraceptive Choices BW task - The attributes

Practical design advice Attribute Number of levels
_ _ _ Product 8
Find several candidate designs that do well under the null Ache 3
hypothesis, since then it appears likely that you will be able to Weight 4
estimate everything for any values. Frequency of administration 3
_ _ _ Contraceptive effectiveness 3
Check by doing a simulation study that a range of values for the Effect on bleeding 8
levels can be recovered. Cost 4

Levels of frequency and effectiveness are nested in product.
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Contraceptive Choices Example Contraceptive Choices Example

R AR
The design

15th Contraceptive product
Eslow is & typothetical coMraceptive product which eaiures described. Please read e @ Find an orthogonal array for all attributes except product.
dascnpion of the product and choose whach in your op & the DSt feature of this method and whach (s . .
the wiorst @ This has 32 level descriptors.

vy L bt Iachimiin el Which L seoted @ Each of these 32 is linked with each of the 8 products to

. get 8 x 32 = 256 descriptions in total.

Typa of product Pakh e (s
Efecton acns 1 5o Wishen 3 PrOGUE erans sone - e @ These are then subdivided into 16 versions of 16
Efacton el i anon oo e Brtad i - - descriptions, with two descriptions for each product in each
Frasuoncyor et s = & version and 16 different level descriptors.
Conbaceothe 1 0100 wormen using s pradust st - - @ Each woman completes one version.
el tiveness pragmant in 8 12 mih peind
cost $1 per monm - - @ Ability to recapture “known” prior values confirmed by a
Efwionpeods  Mo%tomen usieg is maied eparience - - simulation study.

‘Would you consider using this contraceptive product with the features described above?

© Wery unlikaly ©  Somewhat likely © Vary likaly

Contraceptive Choices Example Contraceptive Choices Example

Results of the simulation study

Simulation study Level Prior Mean Std Level  Prior Mean Std
B B Devn B B Devn

° _ prodi  1.00 1.00 0.15 freqi  4.00 4.01 0.13
Choose values for g and fq.x, (or for fq + qu’x") o prod2 250 254 0.16 freg2  1.00 099 0.14

o Calculate the value of 7y, x,,) for each pair in the implied prod3d 150 151 0.15 freg3 030 0.32 0.12
choice set. prod4 1.80 1.78 0.19 effectt 2.00 201 0.13
prod5 220 221 0.16 effect2 0.80 081 0.13

@ Add a random error term of extreme value type 1. prodé  2.00 1.99 0.15 effect3 0.40 040 0.13
- prod7 250 251 0.16 bleedl 020 021 0.5

@ Choose the pair with the largest value. brod8 200 204 048 boed? 320 319 017
@ Analyse the results using the MNL. costt  3.00 3.01 0.14 bleed3 150 1.50 0.15
. cost2 250 251 0.15 bleedd 1.00 099 0.18

@ Repeat 100 times. cost3 0.0 0.80 0.13 bleed5 0.30 031 0.15
@ Compare estimated and assumed terms. cost4 ~ 050 050 0.13 bleeds  0.20 020 0.16
weighti 0.80 0.80 0.13 bleed7 010 0.10 0.5

weight2 125 125 0.14 acnel 050 050 0.12

weight3 050 050 0.14 acne2 150 150 0.15

weightd 1.00 1.02 0.12 acne3 1.00 1.00 0.15
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Contraceptive Choices Example Contraceptive Choices Example

Ranking levels best to worst: women's sample

Rank Level Level description Estimates for atribute levels: womenis Best-Worst

1 freqs Onve every & years

z freqs Once every 3 years

2 blead2 Mostwomen experience light periads with less pain

a4 fraq? Once s year 6

5 costd F1per month

& blezdt Mostwomen experience no perio ds ul

7 freqs Once every 6 months -

2 freqs Onoce every 3 months 5 - =

2 blezdd Mostwomen sxperience light periads with no change in pain _

10 effestt 1in 1000 wamen getpreanantin a 12 mth period

11 costz $7 per month

12 Woeightz Some women may lose upto 1 kg inweight M M m I

13 freqd Onoea month 4 —1H T HHHH

14 W oeightl This method has no effect on weight - M mn
16  acne2 Improves acne symptoms 5 m

16 prods Fatch 2

17 predz Mini P ill ’-’3_ = L L |
18 acned Has no effecton acne symptoms E

1@ predt Combined Fill g

20 freqt 1 perday o

21 effestz 1in 500 waomen getpregnantin a 12 mth period

22 prodd Implant 29— M = EinlatElE n
23 preda Injestion

24 freq2 1 per dav within intenral

25 prods o

26 freq3 1 perday atthe same time 14H4H R L 1 H i HHH H
27 coast3 $20 per month

28 W eights Some women maygainup tai kg in weight

20 prods Intra-uterine Hormonal b evice

30 effects 1in 100 women getpregnantin a 12 mth perind 1

3 affectd 1in 100 wom en getpregnantina 12 mth period (1 e o e i o ol S o R N T R i
3z rod7 Vaginal Ring

33 chea Inseme women worsens acne symptoms Cﬁ)’\ \fb‘ §
34 bleed5 Mostmomen experience light periods with increased pain < @p
36 effects Sin 100 women getpregnantin a 12 mth period Q@b

26 bleedB Mostwomen experience heavy periods with less pain

37 bleedT Mostwomen experience heavy periods with no change in pain

38 W oelghtd  Some women mavaain upto 3 kain weight

30 effects 10in 100 women get pregnantin a 12 mth period Atfribute

40 bleedz Mostwomen experience iregularbleeding

a1 costd $80 permaonth

4z bleeds Mostwomen experience heavy periods with increased pain
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Contraceptive Choices Example

I Open Questions
b ﬂ il il Lo I I Make a systematic general comparison of the performance of
' : ! designs under alternative hypotheses.
Rl R AR Rt We have been talking about the max-diff model. What are good
- : designs for the weighted max-diff model?
3 .ol i i
5 5 UL UL 1
ki
;7 [ 1] il I
: al i 5
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Contraceptive Choices Example
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