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Introduction to MaxDiff applications

A typical MaxDiff experiment obtains data for estimating preference utilities for about 8 to
40 items (brands, product features, priorities). In the usual MaxDiff task, respondents are
shown a set (subset) of the possible items to be evaluated and are asked to indicate (among
this subset) the best and worst items (or most and least important, etc.). Respondents
typically complete 12 or more such sets where each set contains a different subset of 4 or so
items. The combinations of items are designed very carefully towards the goal that each
item is shown an equal number of times and each pair of items is shown an equal number of
times. Each respondent typically sees each item two or more times across the MaxDiff sets.

Since 2003, the Sequential BestWorst model, implemented in Latent LG Choice, has been
used by many to analyze both single and multi-attribute choice data. For an example of the
latter, see LG Choice Tutorial #6. Such analyses were conducted using the replication scale
feature by coding the (optional) replication scale variable as 1 for the best and -1 for the
worst. Due to the popularity of such analyses, the new scale type ‘BestWorst’ has been
implemented in release 5.0 of LG Choice to simplify and automate the model setup, and
thus users no longer need to utilize the replication scale trick to set up the model.

As an alternative to the (Sequential) BestWorst model, the MaxDiff model, also known as
the Joint BestWorst or MaxDiff Quasi-Independence model, has been implemented in the
syntax version of LG Choice 5.0". Unlike the sequential model which assumes that
respondents always select the Best option prior to selecting the Worst option, the MaxDiff
model assumes that one simultaneously selects that (best,worst) combination which offers
the maximum difference in utilities. While the sequential BestWorst and MaxDiff models

! While the Basic and Advanced versions of LG Choice utilize the point-and-click module to run various kinds of
models and view output, the LG-syntax module allows extensions of these models by simply including
additional keywords or modifying equations in a syntax editor. See the LG-Syntax User’s Guide for full details.
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often provide similar results, the BIC can be used to compare the fit of these models for
given data.

As always, for the new MaxDiff as well as other discrete choice models, LG Choice allows for
K latent class segments to be estimated simultaneously with the estimation of utilities for
each segment (see e.g., Magidson, 2003). Various model fit statistics can assist in
determining the number of segments that best fit the data.

Introduction to Scale Factors

Traditionally, utility estimation for MaxDiff data takes place under the restrictive
assumption that scale factors are identical for all respondents, and also are the same for
best and worst responses, leading to potential bias in the utilities. New options in Latent
GOLD Choice version 5.0 allow inclusion of a scale model to allow separate scale factors
for those responses selected as worst from those selected as best, for different latent
classes or to identify latent subgroups of respondents (latent scale classes) having
different scale factors. The scale model is available for any discrete choice model, and
attributes can also be included in the scale model for further flexibility.

LG Choice tutorial

Goals: The primary goal of this tutorial is to show how BestWorst models can be estimated
that allow for scale factors using the Advanced and Syntax versions of LG Choice 5.0.

e Advanced: Estimate BestWorst models with a different scale factor for worst
responses, or allow classes to have different scale factors.
e LG-Syntax: lllustrate how latent scale classes can be correlated with latent classes.

A secondary goal is to introduce the Joint BestWorst model (also referred to as the MaxDiff
model) that can be estimated using the syntax version of LG Choice (new in version 5.0).
e LG-Syntax: Estimate Joint BestWorst (MaxDiff) models.

Unlike the BestWorst models, it is not possible to estimate MaxDiff models with a different
scale factor for worst responses because for that model a single scale factor applies to all
options in the joint choice space. However, similar to BestWorst models, it is possible to
estimate MaxDiff models with different scale factors for subgroups of respondents, where
the subgroups are either latent or observed.
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For this tutorial, all analyses are performed using the 1-file format. They can also be
performed using the LG Choice 3-file format (see Tutorial 8A) or a Sawtooth .cho file. We
begin by estimating models using the LG-Choice point-and-click module and then show how
to use the LG-Syntax module to estimate some advanced models.

Data: ‘SydneyTransport.sav’

Data from the Sydney transport project® are used in this tutorial. These data were collected
by CenSoC in a study to help set priorities. Respondents were asked to choose between 9
short term improvements (alternatives). For a given respondent separate records are
provided for each alternative within each choice set, identified by a respondent ID. For Best-
Worst models, a response variable is also included in the file coded as ‘1’ for the alternative
selected as Best, ‘2’ for the alternative chosen as Worst, and ‘0’ for each of the other
alternatives which are not chosen (as Best or Worst). Figure 1 below shows the data file.

= SydneyTransport.sav [DataSet1] - IBM SPSS Statistics Data Editor = B
File Edit View Data Transform Analyze Graphs Utilities Add-ons Window  Help

| Visible: 5 of 5 Variables

ResponselD | Set choice worst Alt
1 5 1 1 0/Improved peak rail capacity ﬂ
2 h 1 0 0 Extensions of light rail services
3 5 1 2 1 Mew cycleways; more bike and scooter parking
4 5 2 0 0/More frequent off peak trains between major centres
5 5 2 1 0 Extensions of light rail services
6 h 2 2 1 Integrated fares
T 5 3 0 0 Extensions of light rail services
3 5 3 2 1/Real-time arrival information
9 5 3 1 0| Trains use green power
10 h 4 1 0/More frequent bus services on major routes
" 5 4 0 0 Extensions of light rail services
12 5 4 2 1 Integrated ticketing
13 5 5 2 1 More frequent off peak trains between major centres
14 h 5 1 0/Improved peak rail capacity
15 5 5 0 0 Maore frequent bus senices on major routes —
[ — [

Data View Variable View

IBM SP3S Statistics Processoris ready

Figure 1: Sydney Transport data in the 1-file format.

Specifically, respondents were presented with 12 tasks (choice sets), each consisting of a
subset of 3 of these 9 alternatives. For each of these tasks, respondents were asked to

? For further information on these data, see the forthcoming book: Best Worst Scaling: Theory and Practice, by

Louviere, Flynn, & Marley.
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choose the option that should receive the highest priority and that which should receive the
lowest priority, the latter being flagged as ‘1’ using the dummy variable ‘worst’.

Figure 1 illustrates the data file for the first 5 choice sets for ‘RespondentI/D’ = 5. For
example, for choice set 1, this respondent selected the first option as their highest priority
(‘choice’=1 when ‘worst’=0) and the third as lowest priority (‘choice’=2 when ‘worst’=1).

Note: As explained above, to use the ‘BestWorst’ scale type, the alternative selected as
‘Best’ for a given choice task must be coded as ‘choice’=1" and the alternative selected as
‘Worst’ as ‘choice’=2’.

This MaxDiff design is balanced and has the following properties:

1. Each alternative is included in exactly four choice sets.
2. Each alternative is compared with each of the other alternatives exactly one time.

For example, alternative 9 (‘Trains use green power’) is included as the third of 3 choice
options in choice sets 3, 7, 8, and 12 (see column ‘alt3’ below). In these choice sets, it is
compared with alternatives 1-4 which are offered as the first option (shaded blue below)
and alternatives 5-8 as the second option (shaded green below).

Set altl alt2 alt3
3 4 7 9
7 2 6 9
8 1 8 9
12 3 5 9

Table 1: Choice sets containing alternative 9 (‘Trains use green power’) as the third option.

Opening Previously Saved LG Choice Models

We will begin by opening previously saved models.?
In LG Choice:

» Click on File>Open.

» In the Open window, click on the ‘Files of type’ drop down menu and select ‘LatentGOLD
files(*.lgf)’ (see Figure 2).

» Click on the file ‘SydneyTransport_1-file.Ilgf’ and then click ‘Open’.

*Fora step-by-step tutorial on how to set up a model in LG Choice using the 1-file format, determine the
number of classes, and save model definitions in a .Igf file, please see Tutorial 2. Note that Tutorial 2 deals with
standard choice models (scale type = ‘Choice’), while this tutorial deals with BestWorst and MaxDiff models
(scale type for the dependent variable ‘choice’ is set to ‘bestworst’ or ‘joint bestworst’).
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Look in: | . Sydney v| Qe T = &
(I‘_ Marne ° Date modified Type
o [ | sydney Transport_tfilelgf 11/3/20149:23AM __ LGF File
Recentplaces ™) ¢ ineyTransport_3file.lgf 11/3/20149:23 AM  LGF File
.'3 SydneyTransport_3file_holdout.gf 11/3/2014 %23 AM  LGF File
Desktop
Libraries
-
LY
This PC
£ >
@ File name: Sydney Transport_ile Igf W | | Cpen
Klahaenrl

Figure 2: Opening previously saved models.

Four previously saved models appear in the left pane (see Figure 3):

Model ‘1-class’: the homogeneous (1-class) BestWorst model.

Model ‘8-class’: the 8-class BestWorst model.

Model ‘8-class+scale_worst’: 8-class model with separate scale factor for worst.
Model ‘8-class+scale_worst+2-sClasses’: model with separate scale factor for worst
and also different scale factors for 2 latent subgroups (2 scale classes).

PN

File Edit ¥Yiew Model Window Help

FEH =22 &8 e K
- SydneyTransport.sav
8-Class
8-Class + scale_worst

L. B-Class + scale_worst + 2-sClasses

Figure 3: Four previously saved models.
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» Left click on the data file name ‘SydneyTransport.sav’ in the Outline pane.
> From the Task bar, click ‘Model’, then select ‘Estimate All’.
After estimation has completed:

» Click on the data file name ‘SydneyTransport.sav’ in the Outline (left hand) pane to
compare the fit of these models by viewing the Data File Summary output (see Figure 4).

jo, LatentGOLD - B
File Edit View Model Window Help
= = 2
~ LL: BIC(LL) : Npar:
- 1-Class - L* = 5289.4980 1-Class 1-Class BestWorst |  -3704.4130|: 7451.2125 ]
+ 8-Class - L® = 4385.6949 §-Class 2-Class BestWorst | -3252.5109|; 6381.2024 71
: . 8-Class + scale_worst 2-Class BestWorst | -3243.8503|: 68552554 T2
8-Class + scale_worst - L* = 4:
+ ol | - ‘s _r'l- w | 8-Class + scale_worst + 2-sClasses 2-s(Class 8-Class BestWorst | -3221 1323 6834.3400 740
al.. F= AL 4+ ©rAle WWAIET 4+ -8 H
< > < >

Figure 4. Data File Summary Output.

According to the BIC, the 8-class model fits better® than the 1-class model (BIC is lower for
the 8-class model). Comparing BIC for models 2 and 3, we see that the 8-class model is
improved when allowing a different scale factor for the worst choices (BIC is lower for the
model 3: ‘8-class+scale_worst’), and improved further when allowing latent subgroups to
have different scale factors (BIC lowest for the model ‘8-class+scale_worst+2-sClasses’).

Next, we will examine each of these four models in some detail.

Standard 1-class (homogeneous) BestWorst model

The utilities for the 1-class model are provided in the Parameters output. The Profile output
transforms these parameters into probabilities, each being interpretable as the probability
of choosing that alternative as best in a choice among all 9 short term improvements.

» Click on the Profile output for the ‘1-class’ model (see Figure 5).

* One could estimate models containing 1-10 classes and verify that the 8-class model has the lowest BIC.
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- oEEN

o LatentGOLD
File Edit View Model Window Help
& & K
= SydneyTransport.sav A Class1
- 1-Class - L* = 5280.4990 Class Size 1.0000
- Parameters :Itttnbutes
- rt
k- mportance More frequent off peak trains between major centres 0.1029
= Profile Improved peak rail capacity : 0.3145
[+l ProbMeans More frequent bus services on major routes | 02238
[+ 3t Profile Extensions of light rail services | 0.044%
.. 5et ProbMeans Integrated fares : 0.0858
... Classification Integrated ticketing | 0.020%9
(- B-Class - L = 4385.6849 Real-time arrival information 0.0452
[ B-Class + scale worst- L ¥ New cycleways; more bike and scooter parking 0.0336
F > Trains use green power | 0.0807

Figure 5. Profile output for the ‘1-class’ model.

The 1-class (homogeneous) BestWorst model assumes that respondents are homogeneous
in the sense that they all have the same priorities. Specifically, respondents give relatively
low priority to the alternative ‘Trains use green power’, which would be selected as best
only 6% of the time (see Figure 5). BIC rejects this homogeneous model because the
patterns in the data are inconsistent with those that would be expected in a homogeneous
population. A heterogeneous model with 8 latent classes, each exhibiting different
priorities, is required to fit these data.

Standard 8-class BestWorst model

» Click on the Profile output for the ‘8-class’ model (see Figure 6).

. |

ol LatentGOLD
File Edit View Model Window Help
= = = s
- SydneyTransport.sav S Class1 | Class2 : Class3 | Class4 | Classh: Class6: Class7: Classd
& 1-Class - L¥ = 5280.4990 Class Size 020831 04770 | 01360 01230 01183 01123 0.0849 0.0401
. B-Class - L® = 43856949 il‘:”b“‘“
- Parameters +
More frequent off peak trains between major centres 0.2241 0.0750 0.1350 0.0157 : 0.0573: 0.0209: 002%2: 0.0205
mportance Iimproved peak rail ity | 02485 1 06347 | 02060 08472 04580 0.4011 010271 01085
More frequent bus services on major routes 0.2799 0727 0.1058 0.2237 0.1405 03744 00732! 00585
robMeans Extensions of light rail services 0.1071 0.0043 ! 0.0276: 0.0028: 0.0573: 0.0108{ 0.0031 01127
et Profile Integrated fares 0.0386 ! 00417 0.1172: 0.0086: 0.0540 0.0315! 02583 ! 0.2260
.. Set ProbMeans Integrated ticketing ©  0.0320° 0.0419° 0.0940 0.0052 1 00482 0.0287 | 05045 0.4258
Classification Real-time arrival information . 0.0300 . 0.0245: 01369 . 00025  0.0103: 00137 00093 00458
F| 8-Class + scale worst- L ¥ New cycleways; more bike and scooter parking 0.0173 0.0021 0.0174 0.0024 0.1111 0.1067 | 0.0042: 0.0008
< > Trains use green power ;| (0.0245 : 0.0031 01583 : 0.0839% 03853) 0.0111: 00147 0.0005

Figure 6. Profile output for the ‘8-class’ model.

Output for each class is presented in a column consisting of the size of that class followed by
the probability of choosing each of the 9 short-term improvements as the highest priority.
The classes are ordered from the largest (probability = .2083) to the smallest (probability =
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.0401). Class 5 chooses ‘Trains use green power’ as its highest priority, with probability of
choosing this option as highest = .3653. This is the fifth largest class (probability of being in
Class 5=.1183).

To view these probabilities in a plot:

Y

Click on the the ‘+' symbol next to ‘Profile’ to expand the Profile output.

» Click on ‘Prf-Plot’ to view the Profile Plot.

» At the bottom of the plot, click on ‘Class5’ to highlight the profile probabilities for this
class (see Figure 7).

pe) LatentGOLD - U
File Edit View Model Window Help
= = =R L4
[=- SydneyTransport.sav -
[ 1-Class - L* = 5289 1.0_
- 8-Class - L' = 4385
- Parameters
0.8 _|
- Importance
=- Profile
- ProbMeans
- Set Profile
- 5et ProbMeans 0.4_|
- Classification
- 8-Class + scale_wc
- 8-Class + scale_wc 0.2
- Parameters f EH
- Importance 0.0 _'_"- , & o !
- Profile T T T i T T T T T
- ProbMeans za = H o H S s g ]
. Set Profile £ 8 ] £ & 3 B Z g
- Set ProbMeans z 3 S a B 2 S = S
(=] = r—J = m =
.. Classification 'g & g2 = = E £ 2 g
-— &L m (=]
.. Model5 = = = £ ye 5 z 2 z
o 2 P = 2 = = E
@ @ 5 = w c w
Z T 2 @ g w 15
I = =4 = @ @
=} [=] = s —
2 =3 2 2 = = =
s E 3 é & g
= E @ E
a @ w
=] =
o o w
B 2 z
= i 2
a [=] =)
=]
=
g :
= =
S
=
Class1 o
Class2 <
Class3 ]
Class4 &
Clazss @
Classg A
Class7? W
Clagsd 4
< > v
Class5

Figure 7. Profile plot for the ‘8-class’ model.

From the highlighted points it is clear that class 5 assigns highest priority to ‘Trains use
green power’.
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To view the (unstandardized) class-specific utilities for this model:

» Click on Parameters (see Figure 8).

L LatentGOLD - 8
File Edit View Model Window Help
== = K?
= SydneyTransport.sav A Atftributes Class1 ;| Class2 | Class3 | Class4: Class5 | Class6 ! Class7 | Class8 i &
[ 1-Class - L = 5281 | Alt
E| 8-Class - LF = 438! More frequent off peak trains between major centres | 1.2123 | 09943 04273 -0.0807 : -0.2732: -0.7246 : -0.1481 -0.4138
| Improved peak rail capacity | 1.3074: 31283 08459 38357 07280: 22303: 1.1104: 1261
i More frequent bus services on major routes 14344 18234: 01760: 25736 06232 21814 07714 086350
"’”F’_”’ta”‘e Extensions of light rail services | 0.4734 | _1.8747 | 11680 17887 | -0.2730 13853 23881 12802
P:mf"e Integrated fares | -0.5454 | 0.4070  0.2784  -0.9538 | -0.3335 03149 20325 19859
Prf-Plot Integrated ticketing ;| -0.7337 | 0.4107 : 0.0577 : -1.1914 . -0.4459: _0.37117 . 27018 26188
ProbMeans Real-time arrival information | -0.7978 | -0.1240 0.4334 | 19170 ; -1.9935: -1.1460 ;: -1.2540 0.3896
Set Profile New cycleways; more bike and scooter parking | -1.343%  -2.5834 | -1.8297: -1.9818 0.3850 0.905% : -1.9458 | -3.6384
Set ProbMean v Trains use green power | -1.0008 : -22082: 05750 1.7031 1.E-TE_%_? -1.3551: -0.8310 ¢ -41283: ,
< > < >
Class5

Figure 8. Parameters output for the 8-class model.

The Profile and Parameters output provide equivalent information for the estimated
utilities, the former in probability units, the latter as logits. Notice that for class 5 the utility
for ‘Trains use green power’ is the highest among all 9 alternatives, consistent with the
Profile output.

» Click on ‘8-class’ to view the Model Summary output for this model and scroll down to
the Classification Table for information on expected accuracy of the classifications based
on modal assignment.

In the bottom row note that 23 of the 200 respondents (11.5%) are classified into the
segment that prefers ‘Trains use green power’ as their highest priority.

j o) LatentGOLD = B
File Edit | View | Model Window Help
==& =] n?
- 1-class - L* = 5280,4990 A Clagsification Table Modal A
E| Latent Class1 i Class2 | Class3: Class4: Class5: Class6: Class7 | Class8 Total
Parameters Class1 3B 5551 1.0576 03537 00785 04479 009539 03007 00025 417480
Importance Class2 08971 33767 00722 00458 00001 03714 02073 00937 354554
; Class3 124737 05394 233330 09785 07108 00095 02876 00083 272108
1. Profile Classd 09790 0.0077 . 04989 227692 03403 00064 00010 00000 246025
. [ ProbMeans Classh 0.58560.0000 057310763521 5169 T 0.3600 0 0.0091 70,0000 23,8597
. [ Set Profile Class6 03346 0.0431: 02921 03378 0.1670 21.2641  0.0040 . 0.0000 224438
: Set PrebMeans Class7 02258 05539 0.8608; 0.0006; 0.0175; 0.0046; 151057 00845 16.0433
... Classification v Classg 00754 00304 00162 00000 00000 0.0000; 0.0026; 7.8129 7.9376
< > Total | 43.0000: 36000 260000 250000f 23.0000 2300007 16.00007 80000 200.0000; v

Figure 9. Classification table for the 8-class model.
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BestWorst model with different scale factor for worst choices

As we saw above, the BIC criterion requires us to reject the standard 8-class BestWorst
model, which assumes that the scale factors for the responses selected as worst are the
same as those selected as best, in favor of an 8-class model with different scale factors for
the worst responses.

To view the model definition for the ‘8-class + scale worst’ model:

» Double click on the model ‘8-class+scale_worst’ to open the model definition window.
» Right click on ‘worst’ in the Predictors window (see Figure 10).

Choice Model - SydneyTransport.sav - 8-Class + scale_waorst n

Variables | Attributes | Advanced | Model | ClassPred | Output | Technical

Dependent—> |  [choice BestWorst 3|

Case ID—> |ResponseID 200 |

Choice Set—> |Set 12|

<-Predictors

MNumeric

() 3File MNominal

(@) 1File " Scale Model

Covariates—>

Classes
s =

Replication Scale--= | |

Replication Weight--> | |

[ Lexical Qrder Case Weight—> | |

Sean Reset Select—> | |

Cancel Estimate Help

Figure 10. Including ‘worst’ as a scale predictor in the ‘8-class+scale_worst’ model.

For this model, the variable ‘worst’ is included as a Scale Model predictor (note the keyword
‘<sm>’ to the right of ‘worst’) to allow scale factors to differ for the responses selected as
worst from those selected as best.

» Click ‘Close’ to close the model definition window.
» Click on the Parameters output for the ‘8-classes+scale_worst’ model (see Figure 11).

10
Copyright © 2014 by Statistical Innovations Inc.



LG Choice Tutorial 8B (version:10-06-2015).

jo LatentGOLD - B
Eile Edit ¥iew Model Window Help
= [ = K?
=- SydneyTransport.sav ~ | Model for Choices -
--1-CI355- L= 528 Class1 i Clas=2: Class3: Cla
__ 8-Class - LF = 438 R= 0.1354 0.3720 0.1780 05
CI 8-Class + scale W' R0} 0.4354 0.5530 0.2004 08
ol Attributes Classi | Class2  Class3 Cla
[+ Importance Alt
[+ Profile More frequent off peak traine between major centres : 12966 : 1.1663 : -0.1556 : 0.0
[#- ProbMeans Improved peak rail capacity : 15058 ! 33294 07718 38
[+ Set Profile More frequent bus services on major routes 1.6807 2.0531 07807 : 2.8
.. Set ProbMean Extensions of light rail services 065985 -20773: -02347: -20
. Classification Integrated fares | -0.8895 06087 | -0.3333: -0.8

Integrated ticketing | -0.7924 06140 { -0.4597 i -12
Real-time arrival information ;: -0.8057 : -0.1051: -23881: -21
New cycleways; more bike and scooter parking : -1.6238 | -2.9795 03063 ; -2.3

=) 8-Class + scale_w
[+]- Parameters

- Importance Trains use green power | -1.2515: 28097 17125 18§
[+ Profile
[#- ProbMeans Scale Model Overall Wald | p-value
.. et Profile worst
. Set ProbMean v 03193] 157735 7.1e5 v
£ > £ >

Classa

Figure 11. Parameters output for the ‘8-classes+scale_worst’ model.

For purpose of identification, the log-scale” factor associated with the best choices is set to 0
(scale factor = exp(0) = 1). The Parameters output shows that the log-scale factor estimated
for the worst choices = -.3193, which is significantly less than 0 (p=.000071). Under the
assumption that this model is true, this result might be interpreted as follows: “the worst
choices exhibit less consistency across choice sets than the best choices”. Specifically,
selection of the worst short term improvements is only exp(-.3193) = .73 times as consistent
as the choice of the best short term improvement. Later in this tutorial we shall suggest an
alternative interpretation.

To view the utilities estimated under this model in probability units:

» Click on the Profile output for this model (see Figure 12).

5Estimating the log-scale factor rather than the scale factor directly assures that the scale factor is non-
negative. The approach used in Latent GOLD Choice was suggested by Vermunt (2013).
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0 LatentGOLD = =

File Edit View Model Window Help

FE fE=2 &% e K

= SydneyTransport, & Class1: Class2 : Class3: Class4 | Class5: Class6: Class7 | Class8
- 1-class - L¥ = Class Size 01906 : 01779: 01315: 01202: 0.1160: 01132: 01102: 0.0404
Attributes
-8-class - L* =+
&3] A

= B-class+zcale, - .
: More frequent off peak trains between major centres 0.2106 . 0.0734: 005%9: 00118: 01428: 00198 : 0.0452: 0.0M25

Improved peak rail capacity : 0.2586 : 08381 01514 : 05496: 02484: 03863: 01338: 01100

-- Parameter

" Importanc More frequent bus services on major routes : 03092 | 01781 01497 02315: 0.0862: 03916: 01058 : 0.0558
Extensions of light rail services | 01114 | 0.002%: 00553 0006 0.0234: 0.0077: 0.0034: 01193

-- ProbMear Integrated fares 0.0295 : 0.0420: 0.0501 0.0052: 00915 0.0355: 02511 0.2307

.. Set Profile Integrated ticketing | 0.0261 | 0.0422 | 0.0442 | 00037 0.0682 0.0262! 04171 0.4250

- Set Probl Real-time arrival information ;| 00257 . 0.0206; 00086: 0.00M5: 01837; 0.0M07: 0.0M16: 0.0460

i... Classificat ¥ Hew cycleways; more bike and scooter parking 0.0114 0.0012 | 0.0850 0.0013 0.0155 0.1138 0.0043 0.0004

< > Trains use green power : 00185 0007} 0.3878| 0.053%: 01403 0.0084: 00237 0.0002

Class5

Figure 12. Profile output for the ‘8-classes+scale_worst’ model.

Again, we see that one of the classes (Class 3) selects ‘Trains use green power’ as its highest
priority. Class3 represents the third largest class (class size probability = .1315).

BestWorst model with different scale factors for latent scale classes

» Double click on the model ‘8-class+scale_worst+2-sClasses’ to open the model definition
window.
» Click on the Advanced tab (see Figure 13).

Choice Model - SydneyTransport.sav - 8-Class + scale_worst + 2-sCla... “

Variables | Attributes | Advanced | Model | ClassPred | Output | Technical

Survey

Stratum--=

Sampling Wgt—>

PSU—> | |
| |
| |

Population Size--=

Continuous Factors Scale Classes

CFactors |Mone w sClasses | 2

Multilevel Model

Group ID—=>

GClasses 0 = GCFactors | None

[ Lexical Order

Scan

Cancel Estimate Help

Figure 13. Including 2 SClasses in the Advanced tab.
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In the Advanced tab, SClasses=1 by default. For this model, we have specified SClasses=2 to
allow different scale factors for 2 latent subgroups of respondents (latent scale classes).

> Click ‘Close’ to close the model definition window.

» Click on the Parameters output for the ‘8-class+scale_worst+2-sClasses’ model (see
Figure 14).

o LatentGOLD - b
File Edit View Model Window Help
== = x?
=5 dne)rTransport.sa\r Model for Choices -
- 1-Class - L* = 5289.4¢ Class1 Class2 | Class3: Class4 | Class5: Class6 Class7 | Classd
(- 8-Class - L* = 4385.6¢ R* 0.3150 0.1875 0.4113 0.3554 ! 03274 01888: 028955 02704
j R¥(0) 0.5025 0.4882 0.5070 0.3688 | 0.3550 0.2283 | 03267 03408
- 8-Class + scale_worsi
=)+ 8-Class + scale wors! |3 Classi. Class? | Class3 Classd  Classb  Classb . Class7 . Classg

mportance More frequent off peak trains between major centres 1.2239 1.7310; -0.0190 0.3324 | -0.8341: -0.4182: 12204 07429
Profile Improved peak rail ity 3.3527 22438 41138 1.4385 0 25533 05662 34860 259104
ProbMeans More frequent bus services on major routes 21644 25712 3.1669 1.1892 ¢ 26791 05878 0.1337: 15433
Set Profile Extensions of light rail services . -2.0867 | 0.7425  -22810 -3.0053 -1.7405 _0.4885 % _27897 28355
Set ProbMeans Integrated fares 0.5854 -1.0245; -1.0858 22034 0 -0.25906 : -0.4317: 04535 3.2915
Integrated ticketing 0.5852 -1.2865 ; -1.4836 265824 | -0.4540  -0.4759 ! -0.0601 3.8523

. Classification

Real-time arrival information -0.1625 -1.2838 ¢ -24738: -1.4781: -1.4283: -28B858: 1.6368: 1.2247

- Model3 New cycleways; more bike and scooter parking -2.9560 22001 -24731: -28485: 11689 0.7810: -5.0814: -7.8873
Trains use green power -2.7100 -1.4937 25275 -05182 ¢ -16538: 23590 09975 -8.6131
Scale Model Overall Wald ;| p-value
worst
-0.2571 14.2054 ¢ 0.00016
sClass
sClass1 0.0000 TIEMMT 1.0e17
sClass2 -1.0334 W
£ > |« >

Class3

Figure 14. Parameters output for the ‘8-classes+scale_worst+2-sClasses’ model.

The log-scale model now contains 2 parameters, the first associated with the ‘worst’
responses, the second associated with respondents in SClass 2. Formally, the scale equation
expressed in terms of the dummy variables ‘worst’ and ‘Sclass2’ is:

Log(scale factor) = -.297 worst - 1.033 SClass2

where SClass2= 1 for the second scale class and = 0 for the first.

We also see that the class favoring ‘Trains use green power’ is now Class 6 (see Figure 15).
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Figure 15. Parameters output for the ‘8-classes+scale_worst+2-sClasses’ model.

» Click on the Profile output for this model.
» Right click and unselect ‘Joint’ (see Figure 16).
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| B-class+scale
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Integrated fares 0.0627 00952 0.0575: 0.0254: 0.0160: 02501 : 0.03%0: 0.0468: 0.0510: 02134
ProbMear Integrated ticketing 0.0838 01018 00574 0.0220 00136 03813 00352 00454: 00367 03478
Set Profile Real-time arrival information 0.0183 00832 00355 00220 0.008%: 00181 00203 00116 01206 00445
Set Probly New cycleways; more bike and scooter parking 0.0239 0.0536 0.0089 00138 0.0089 0.0099 0.1089 0.1158 0.0038 0.0009
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< >
Class3

Figure 16. Profile output for the ‘8-classes+scale_worst+2-sClasses’ model.

The top row of this output shows that Class 6 consists of 10.18% of respondents, and that
SClass 1, the more consistent (more certain) SClass consists of 73.21% of the respondents.
This model assumes that the latent variables Class and SClass are statistically independent,
which means that each of the 8 classes consists of 73.21% of the respondents who are more
certain.

The Joint Profile output makes clear that there are a total of 8x2 = 16 different respondent
types (8 classes that differ on preferences, each of which consists of 2 response clarity types
— more vs. less consistent). To view the Joint Profile output:

» Right click anywhere in the Profile output.
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» Select ‘Joint’ (see Figure 17).
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Figure 17. Joint Profile output for model ‘8-classes+scale_worst+2-sClasses’.

We can test the independence assumption by comparing the fit of this model to a model
that allows Class and SClass to be correlated, but to do so requires use of the LG-Syntax
module, as illustrated below.

Using the LG Syntax for BestWorst models

The LG Syntax module offers various modelling option for BestWorst models which are not
available in the LG-Choice point-and-click module. Two model options illustrated below are

1) allowing association between Class and SClass membership, and
2) defining joint BestWorst (MaxDiff) models

Other options include allowing the scale effects to depend upon attributes and/or to vary
across Classes®, including covariates in the model for the SClasses, utilizing continuous latent
variables (random effects) to model continuous rather than discrete heterogeneity in the
scale factor, and defining Choice models for longitudinal and multilevel data.

We will now illustrate the use of the LG-Syntax module to test whether there is a nonzero
association between Class and SClass membership.

After setting up any of the BestWorst models with the LG-Choice point-and-click module, as
we did above, we can then use the ‘Generate Syntax’ option to produce the syntax for these
models.

» Right click on the data file name ‘SydneyTransport.sav’ in the Outline (left hand) pane.

® For example, by including ‘worst|class’ in the syntax equation for the scale model, the different scale factors
estimated for best and worst choices can be allowed to differ by class.
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» Select ‘Generate Syntax’.

A separate (new) syntax tree appears above the other tree as shown in Figure 18, similar in
appearance to a new dataset being opened. Note that the names of the 4 point-and-click
models are preserved in the syntax.

jo LatentGOLD - B
File Edit Yiew Model Window Help

= = = N2

El- SydneyTransport.sav | options ~
P __ maxthreads=g;

. 8-Class algorithm

tolerance=le-008 emtolerance=0.01 emit
startvalues

zeed=0 =zets=l60 tolerance=le-005 itera

P Model3 bayes
= Szr"j”'-‘-'}‘Tm”SPU"t-“‘-‘ categorical=1 wariances=1 latent=1 poi
- 1-Class - L* = 528 w montecarlo w
< > < >
at line: 0

Figure 18. The 4 BestWorst models represented as syntax models.

To re-estimate our last model using the syntax module:

» Right click on the ‘8-classes+scale_worst+2-sClasses’ model.
» Click ‘Estimate’.

Verify that the model is the same as estimated earlier with the LG-Choice point-and-click
module by checking that the model summary statistics match. For example, BIC(L?) =
3655.3496 for this model. Note that the individual output sections are formatted somewhat
differently in the LG-syntax and the latent classes are no longer ordered from high to low.

To estimate a new syntax model allowing correlation between Class and SClass:

» Click on Model5 (a copy of previously estimated model including SClass effects).
» Online 36, type 'Sclass <-> Class;’ (see Figure 19).
» Right click on Model5 and select ‘Estimate’.

Notes: Figure 19 shows that the scale model equation is defined using the new symbol ‘<<-’

choice <<- worst + (-) SClass ;
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For convenience, the minus sign that appears in parenthesis preceding SClass imposes the
ordering “restriction” which serves only to assure that the SClasses appear in descending

order’ in the Parameters output, as we saw earlier in Figure 15.

2 LatentGOLD - B
File Edit View Model Window Help
= = = L4
[=- SydneyTransport.sav A | egquations ~
‘ f....1-C|355 Clas=s <- 1;

----- B-Class gClass <- 1 ;

‘.. 8-Class + scale_worst C:HD‘?CE <- Alt | Cla‘TS; o

choice «<<- wWorsc + (-) sClass ;

-- 8-Class + scale_worst + 2-sCli Closs <—5 Class:

w "
< > < >
at line: 30

Figure 19. Addition of ‘Sclass <-> Class’ to the scale model allows for non-zero Class X SClass associations.

After estimation has completed:

» Click on the data file name ‘SydneyTransport.sav’ in the Outline (left hand) pane to view
the Data File Summary output (Figure 20) which compares the fit of these models.

jo LatentGOLD - B
Eile Edit View Model Window Help
= = = K2
=8 Sydney Transport.sav A LL: BIC(LL): Npar : s
© i 1-Class 1-Class | Syntax (1)
- B-Class 8-Class | Syntax (2)
8-Class + scale worst 8-Class + scale_worst :  Syntax (3)
- ) 8-Class + scale_worst + 2-sClazses Syntax (4) ;  -3221.1323 : 68343400 T4
o _g'.'C'IE‘SIf".Sfa'ejf‘:'f’ffffz'sc"v Models | Syntax (5) | -3214.3747 | 6ES7.91321 &1 w
£ > £ >

Figure 20. Data File Summary Output.

According to the BIC, allowing the SClasses to differ by class does not improve the model fit
(BIC for Model 5 is higher than previous model). Hence, we reject Model 5.

"For purposes of identification the scale parameter associated with SClass 1 is set to 0 using the ‘coding = first’
LG-syntax option which imposes this dummy coding. The ‘(-)’ restriction affects the ordering of the SClasses
such that for each subsequent SClass, the associated scale parameter becomes smaller. Thus, the scale
parameter for SClass 2 is negative.
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Estimate MaxDiff (Joint BestWorst) models

A model closely related to the sequential BestWorst model is the MaxDiff model, also
known as the Joint BestWorst model. Both are probability models for the joint (best,worst)
choice. The probability structure associated with the sequential BestWorst model is:

P(best,worst) = P(best)*P(worst | best)
while the structure for the MaxDiff model can be expressed as a quasi-independence model:
P(best,worst) = P(best)*P(worst)*Diag(=0) / C

where diag(=0) yields structural zeroes to rule out the possibility of selecting the same
option as both ‘best’ and ‘worst’ for any choice set, and C is a normalizing constant which
assures that the joint choice probabilities sum to 1. For further details see Marley and
Louviere (2005).

In the LG Choice 5.0 syntax, the keyword ‘bestworst’ is applied to the response variable to
indicate that the sequential best worst model is to be estimated (recall Figure 19).
Alternatively, use of the keywords ‘joint bestworst’ causes the MaxDiff model to be
estimated.

Estimating a standard MaxDiff (Joint BestWorst) model

We will now estimate 8-class MaxDiff models with and without 2 SClasses. To estimate the
first model, we will copy the syntax used earlier to estimate the 8-class sequential
BestWorst model, and modify this syntax by inserting the keyword ‘joint’ prior to the
keyword ‘bestworst’.

We begin by re-estimating the 8-class BestWorst model.
» Right click on the model ‘8-class’ and select ‘Estimate’.
After estimation has completed:

Right click on the model ‘8-class’.

Select ‘Copy Model’.

To rename this model, click twice on the model ‘8-class(1)’ to enter Edit mode.
Type the word ‘MaxDiff’ so that the model name is ‘8-class MaxDiff’.

In the syntax insert ‘joint’ prior to ‘bestworst’ (see Figure 21).

Click ‘Estimate’.

YVV Y V VYV
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0 LatentGOLD = K

File Edit View Model Window Help

FE =2 &9 »e W
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. 1-Class caseid ResponseID;
[ 8-Class - L = 4385.6049 choicesetid Set ;

dependent choice| joint bestworst:

attribute Alt nominal;
H- 8-Class + scale_warst + 2-sC[;
latent

i
- Modeld - L = 4309.4226 Class nominal &:

™ 3-Class MaxDiff equations

- B-Class + scale_waorst

=1

= SydneyTransport.sav o Class <- 1: W
< - > < >
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Figure 21. Inserting the keyword ‘joint’ to specify the MaxDiff model.

» Click on the data file name ‘SydneyTransport.sav’ in the Outline (left hand) pane to view
the Data File Summary output (Figure 22) which compares the fit of these models.

According to the BIC, the MaxDiff model fits better than the sequential best worst model
(6860.7 vs. 6881.2).

jo) LatentGOLD = =

Eile Edit Yiew Model Window Help

EEd 22 S99 »e K

e 1-Class Swyntax (1)
4. 8-Class - L° = 4385.6849 8.Class Syntax (2)  -32525109[ 68812024 | 71
i . 8-Class + scale worst &-Class + scale_worst Syntax (3)
- 8-Class + scale_worst + 2-sClasses Syntax (4) : -3221.1323 : 6334 3400 74
- 8-Class + scale_worst + 2-5Cli Models Syntax (5) | -3214.3747 | 8BS7.9132 ¢ &1
¢ [-Model3 - Lt:“m;‘w—zﬁ v §.Class MaxDiff Syntax (6) -32423375[ 60606555 | 71 w
£ > £ >

Figure 22. Data File Summary Output.

» Re-estimate ‘8-class + scale_worst’.
» Click on the data file name ‘SydneyTransport.sav’.
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Jo) LatentGOLD - o
File Edit View Model Window Help
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Syntax

Figure 23. Data File Summary Output.

Comparing the 8-class MaxDiff model with the 8-class BestWorst model with different scale
factors for the best and worst responses, it is interesting to note that even with 1 fewer
parameter (Npar=71 vs. 72) the 8-class MaxDiff model has a higher LL than the
corresponding sequential model containing the additional scale parameter. It is also
interesting that the LL values for these models are extremely close.

Under the assumption that the MaxDiff model is true, we might say that the
Q significant scale factor required to be added to the BestWorst model serves
l d as a misspecification adjustment factor. Rather than being a measure of more
\ or less certainty, this adjustment could be interpreted as an attempt to
compensate for the faulty assumption that respondents always evaluate the
options sequentially by first selecting the best and then the worst, rather

than making both best and worst choices simultaneously.

Estimating a MaxDiff (Joint BestWorst) model with 2 Scale Classes

Right click on the model ‘8-class MaxDiff’.

Select ‘Copy Model’.

To rename this model, click twice on the model ‘8-class MaxDiff(1)’ to enter Edit mode.
Type the words ‘+ 2 sClasses’ so that the model name is ‘8-class MaxDiff + 2 sClasses’.

YVV YV VYV

In the syntax insert the following (see Figure 24.):
o ‘SClass nominal 2 coding=first,’ on line 27,
o ‘SClass <-1;’ on line 32,
o and ‘choice <<- (-) SClass ;’ on line 33.

» Click ‘Estimate’.
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jo LatentGOLD -
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attribute Alt nominal;
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Figure 24. Adding to 2 SClasses to the 8-class MaxDiff model.
After estimation has completed:
» Click on the data file name ‘SydneyTransport.sav’ (see Figure 25).
e, LatentGOLD - B
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Figure 25. Data File Summary Output.

According to the BIC, adding 2 sClasses to the 8-class MaxDiff model improves the model fit
(6826.1 vs. 6860.7). This model also fits better than the corresponding BestWorst model
containing the 2 SClasses as well as all other models.

» Click on the Profile output for this model (see Figure 26).
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Figure 26. Profile output for the ‘8-class MaxDiff + 2 SClasses’ model.

Notice that 71.76% of the respondents are in the more consistent SClass (SClass 1). This is
similar to the result we obtained from the BestWorst model which contained different scale
factors for worst responses and for the scale classes (recall Figure 16).

Summary of Results and Conclusion

In this tutorial, we demonstrated new features in Latent GOLD Choice 5.0 which allow scale
factors to be included in discrete choice models and a new model, the joint BestWorst
(MaxDiff), to be estimated. These capabilities were illustrated using MaxDiff data from the
Sydney transport project (Louviere et al., 2014).

In comparing the MaxDiff model with the BestWorst model, the MaxDiff model fit these
data somewhat better, suggesting that respondents selected both the best and worst
options simultaneously as opposed to always selecting the best option first. When
estimating the BestWorst model, we found that it was improved with the addition of
different scale factors for best and worst responses, the scale factors likely serving as an
adjustment for model misspecification. When these scale factors were added, the fit of the
adjusted BestWorst model approached that of the corresponding MaxDiff model.

For both the MaxDiff and adjusted BestWorst models, further improvement was obtained
through the addition of 2 scale classes to account for scale heterogeneity. Both models
suggested that about 27-28% of respondents (Scale Class 2) were less consistent in their
choices.

The following model fitting strategy could be undertaken to determine the appropriate
number of Classes & Scale Classes to be estimated: fit 1-10 Classes with 1 SClass, then
repeat with 2 SClasses, then again with 3 SClasses. Use BIC to determine the best fitting
model.
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