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Abstract

The efficiency of choice designs, i.e. creating specific stimuli and allocating these stimuli to choice
sets, has a great effect on validity. This tutorial gives an introduction to the design procedure by
Burgess and Street (2003), which is especially suited for the hybrid individualized two-level choice-

based conjoint procedure introduced by Eggers and Sattler (2008).

Keywords discrete choice experiments, choice-based conjoint, efficient designs

1. Introduction

This paper intends to give a brief tutorial on the design of choice sets within discrete choice
experiments according to Burgess and Street (2003). They propose an approach to designing efficient
choice sets in which all attributes in a choice-based conjoint (CBC) setting exhibit two levels. Thus, it
is a specific procedure for the general approach described in Street, Burgess, and Louviere (2005). The
design procedure is especially suited for the hybrid individualized two-level CBC (HIT-CBC) approach
described by Eggers and Sattler (2008), in which every design is reduced dynamically to the two best
and worst levels of each attribute. HIT-CBC is favorable in a number of ways. For example, apart from
simplifying the choice design procedure, integrating only two levels per attribute avoids the biasing

number of levels effect. Please refer to the article for details.

This tutorial is just a general introduction to Burgess and Street (2003). Its purpose is to give an easy to
understand point of entry in order to facilitate the realization of efficient choice designs. It cannot and
will not in any case try to replace the original article. In fact, for a thorough understanding of the
approach and when it can be used, e.g. for main- or interaction effect estimation, reading the original
article is essential. For an additional introduction to CBC and choice set design the reader may refer to
Louviere, Hensher, Swait (2000), Kuhfeld (2004) or the technical papers on the website

www.sawtoothsoftware.com.

Throughout the paper the following notation will be used: k is the number of attributes. The levels of

the attributes will be denoted by 0 (representing the first level) and 1 (representing the second level). m



will be referred to as the number of stimuli in a choice set. F represents the (fractional) factorial and G
a generator used for shifting.

2. Generation of Choice Sets

First, a (fractional) factorial F has to be identified. Each entry in that factorial F; can be seen as a choice
set of size 1. That means the size of the factorial determines the number of choice sets. If the full
factorial, i.e. the number of choice sets, is too large a fractional factorial can be used. Then, the
remaining m — 1 stimuli for each choice set are constructed by shifting using a design generator G=(g;,
d2, ..., Om). Each design generator g; consists of k entries. The missing stimuli are generated by adding
G to each entry of the factorial F;. In that way the alternatives of the choice sets are given by (F + g1, F

+J2, ..., F + gm). Thus, the generation of choice sets consists basically of the following steps:

1. Creation of the full- or fractional factorial F,
2. Finding a generator G and creating stimuli by shifting, and
3. Randomization of alternatives and choice sets.

These steps shall now be described in more detail.
2.1. Creation of the Full- or Fractional Factorial

The full factorial is given by building all possible combinations of attribute levels. Since only attributes
with two levels are considered here, the sum of possible combinations is given by 2% k being the
number of attributes. Thus, having k = 2 attributes allows a total of 4 combinations of attribute levels:
(00),(01),(10),(11). k=3would sum to 8, k =4 to 16 combinations and so forth. Each combination
of attribute levels can be considered as the first stimulus, i.e. alternative, of a choice sets. That also
means that the size of the factorial, i.e. the number of possible combinations, determines the number of
choice sets. Having more than 16 choice sets is often unfavorable due to effects of fatigue or learning.
Therefore, for k = 5 and above (maybe also already for k = 4) a reduced, i.e. fractional factorial might
be more suitable. Efficient fractional designs for two-level attributes are well documented and can be
looked up in corresponding tables (e.g. Box, Hunter, and Hunter 1978; NIST/SEMATECH 2007)

After this step the number of choice sets has been determined and already the first alternatives of these

sets are given. The remaining m — 1 stimuli have to be constructed using the design generator G.



2.2. Finding a Generator and Creating Stimuli by Shifting

The generator G is used to construct the missing stimuli by a procedure called shifting. This procedure
is best explained by using an example: Consider a study with three attributes (k = 3). The full factorial
F then has 2% = 8 alternatives. If two stimuli are shown per choice set, i.e. m = 2, the generator consists
of two entries G=(g1, g2), each having 3 items that refer to the attributes of the study. g; can generally
be setto 0, i.e. g1 = (0, 0, 0). The remaining generator g, is chosen so that the alternatives within a set
are maximally different in order to fulfill the property of minimal overlap (Huber and Zwerina 1996).
In this case the missing stimulus that is maximally different is just the fold-over of the first alternative.
Technically, this is represented by the generator g, = (1, 1, 1). The two alternatives of the choice set are
given by F + g; and F + g,. This shifting is done attribute-wise modulo 2, i.e. if a sum equals 2 this
result is set back to 0 (because levels can only exhibit the values 0 and 1). The example is given in table
1.

Choice set Full factorial First alternative Second alternative
i Fi Fi+t g Fi+g
1 000 000 111
2 100 100 011
3 010 010 101
4 001 001 110
5 110 110 001
6 101 101 010
7 011 011 100
8 111 111 000

Table 1: Choice set construction with m = 2 using a design generator

What can be seen is that the alternatives are maximally different, i.e. each attribute has a different level
for the two stimuli of a choice set. This design is efficient and D-optimal (see Huber and Zwerina 1996

for efficiency criteria).

The procedure is similar for designs with m > 2. Again, it has to be ensured that the generators, i.e. the
alternatives of the choice sets, are maximally different. This can be accomplished by comparing each
generator with each other and counting the times an attribute is different. For example with m =3, g;

has to be compared with g, and g3, and g, has to be compared with gs;. Burgess and Street (2003)



develop an upper bound for this sum of differences, which is a precondition for efficient designs. This

upper bound is given by:
(1) (m’-1)-k/4, ifmisodd, and
(2) m*-k/4, ifmiseven (Burgess and Street 2003, p. 2188).

For an example with m = 3 and k = 3 the maximum sum of differences is (9—1)-3/4 = 6. A set of
generators that fulfills this upper bound is g; = (0, 0, 0), g2= (0, 1, 1), and g3 = (1, 0, 1). Thus, using the
factorial mentioned above the three alternatives would be given by F + g1, F + g2, F + g3 (see table 2).

In the same manner designs for different settings can be easily constructed.

Choice set Full factorial First alternative Second alternative Third alternative
i Fi Fi+o Fi+ 0 Fi+0s
1 000 000 011 101
2 100 100 111 001
3 010 010 001 111
4 001 001 010 100
5 110 110 101 011
6 101 101 110 000
7 011 011 000 110
8 111 111 100 010

Table 2: Choice set construction with m = 3 using a design generator

2.3. Randomization

Once the alternatives and the choice sets are determined, the order of the alternatives within a choice
set and the order of choice sets should be randomized for each individual so that order and time effects

are avoided.

3. Conclusion

The algorithm by Burgess and Street (2003) is indeed a very easy and quick way to construct efficient
choice sets. It can furthermore be extended to more general designs as outlined in Street, Burgess, and
Louviere (2005). However, to fully understand the procedure and its adequate usage the reader should

refer to the cited references. This paper should have laid a good basis for it.
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