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ABSTRACT

AGENDAS AND CHOICE PROBABILITIES
by

John R. Hauser
Massachusetts Institute of Technology
and
Amos Tversky

Stanford University

Agendas, both implicit and externally imposed, have many strategic
implications in marketing science. For example, advertising copy often
attampts to influence the order in which alternative products are compared.
One goal of-the original 7-up "uncola" campaign was to shift 7-up from be-
ing considered with other medicinal drinks to being considered with colas.
The placement of products in stores and the choice of distribution channel
are other applications. Consider the importance of "end-ai<'e" display.
which placea. a product apart from competitors or consider the success of

“L.'eggs" and subsequent entrants which encourage consumers to consider

hosiery as another grocery store purchase. One does not have to look be-

yond the power of the House Ways and Means Committee in the U.S. Congress
to recognize the influence of agendas cn the outcome of group choice.
Externally imposed constraints on agendas are important but we can-
not neglect implicit or self-imposed agendas. For example, an industrial
seller of computer peripherals may face a buying process of multiple buying
centers who sequentially consider various aspects of the seller's equip-

ment and successively eliminate some manufacturers from consideration basad
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on whether or not they fulfill the needs (specifications) of the buying
center. We will show that the order in which aspects are considered can
influence the outcome of the purchase decision.

Another implicit agenda problem is the identification of market
structure. Selecting the "right" market to enter greatly enhances the

likelihood and magnitude of a new product success. Se]ectiﬁg the wrong

market can doom a new. product to failure. One ccmponent of market selec-

tion s the measurement techniques and analytical models used to determine

the structure of the market hierarchy. For example, consider the simpli-

fied hypothetical market hierarchy for the television market shown in
figure 1. If, as shown, the consumer first choosas among ‘consoles® and

‘portables’ then among 'color® and ‘black and whita', a manufacturer of

color consoles may favor color portables so he can compete in both "markets

and not cannibalize his existing product line. OCnce such market structure

is understood, the innovating firm can better selact a market on tha basis

of sales potential, penetration, scale, input, reward, risk, and match to

the organization's capahilities.

Consdles Portables

Color B &W Color R 1]

Figure 1: Simplified Bypothetical Implicii Agenda For the

Television Market
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Tnis paper investigates some of the theoretical properties of agendas
and their effect on choice probabilities. Our purpose is not to construct
normative marketing science models, rather to investigate relationships,
Structure, and jdentification of agendas with respect to three general
cognitiye processing chaice rules. As such we hope to provide the mathe-
matical theory for future strategic models.

Processing Rules

To model the effect of agendas we model the human (organizational)
decision maker as successively selecting subsets of alternatives from some
offered set until only one alternative is left. (He can, of course, simply
select a set which contains but one product.) Within this structure there .
are three components to the decision process:

1. Admissihle sets, i.e., the choice sets which are allowable

within the model's structure.

2. Agendas, j.e., the order of consideration in selecting among
choice sets.

3. Processing rules, i.e., rules by which aspects of ‘choice alterna-
tives determine the probability th«t an admissible choice set ir
selected at each level within the agenda.

These three components completely specify choice probabitities within an
offered set. In this paper we consider fTour procassing rules., three of which
are generalizations of the first.

Constant Ratio Model (CRM), Also known as independence of irrelevant
alternatives (ITA) and as Luce's axiom is probably the most familiar proces-
sing rule. CRM States that an alternative is selscted with probability
ppoportiona] to the measure of the alternative, independentiy of the choice

set. As such, CRM is agenda-iree. Al1l subsets are admissible but we need
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only be concerned with the full oifered set and all singletons (sets con-
taining only one alternative). CRM is a useful mods] but leads to many -
lTogical prohlems. See Tversky (1972).

Elimination by Aspects (EBA) concentrates on aspects of choice alter-
natives rather than chofce alternatives. Far example, an aspect of a tele-
vision might Be 'mlor'., EBA postulates that an aspect is selected with
probability proportional to the aspect's measure and all alternatives not
containing the aspect are eliminated. The process caontinues until but one
alternative is left. Any set of alternatives which share an aspect are
admissible. EBA eliminates many of the logical prcblems of CRM, but can
be quita compiex requiring 2n parameters if all subsats are admissible.

(n is tne number of alternatives.)

Bierarchical Elimination Model (IEYM) specifias choice among parti-
tions of choice sets. At each level in an agenda, the decision maker is
facad with a choice aﬁong mutually exclusive and cal]éétive]y exhaustive
sets of choice alternatives (partitions). If HEM holds, the proability that
a choica set is selected is proportional to the sum of the measures of all
aspects which. are associated with at least one alternative in the choice
set excluding aspects shared across partitions. ~ The decision proceeds
through a succassion of partitions until one alternative is left.

Hierarchical Balance Model (HBM) also specitiss choice among partitions.
However, the probability that a choice set is selectad is proportional to
the sum of the aspect measures of each alternative in the partition excluding
aspects shared across all alternatives in the partitions. The difference

between HEM and HBM {s subtle but important. In HEM we assume the decision

maker only looks at the unique aspects of a partition. Hence, if an aspect,

say, 'color!', is contained in an alternative in each set of the partition,
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HEM dres not include it even if some alternatives in a set do not contain
the aspect. In HBM we assume the decision maker laoks at alternatives
within a partition. He excludes only those aspects contained in all alter-
natives in the offered set. Hence, if an aspect is in each set of a parti~
tion it will be counted unless it appears in all alternatives in the offered
set. The appendix gives examples of CRM, EBA, HEM, and HBM, (The terminology of H3M

comes from an analogy to a series of balance pans.)

Each of the last three models, EBA, HEM, and HBM, are Jlogical generali-
zations of CRM and each model overcomes the logical problems associated with
CRM. Each rule uses different cognitive processing, but, a priori, we can-
not specify. which model best. describes human (or organizational) choice be-
havior. Before further examining the relationships among the models we

specify certain structures of admissible sets that are given special consid-

eration.
Agendas
We can represent an agenda as a directed graph. The source is the

offered set. Each singleton (single alternative) is a terminus. Flows pro=

ceed from each node to props subsets which are admissible. For evample,
if {X3y,v,w}t is the offered set and {x,y},{v.,w},{x,v},{y,w},{x},{¥},{v}, and

{w} are admissible then one possible graph is shown in figure 2. We show

later that figure 2 is a graph of a full,. balanced design,

!

{x,y} > {x}
{y,vl {y}

{X,¥5Y W} N
.\{y’w} {V}
P S N

Figure 2: 4 Graph of EBA or a Full Balaneced Destign



[
N
n

Graph of CRM. A parsimonious representation of CRM is a "bush”
with no intermediate nodes. See figure 3a.

Graph of HEM, HBM. If we know the agenda, then both HEM and HBM
appear as tree structures. See figure 3b, We show that various aspect
structures (preference trees, full, balanced design) restrict the allow-
able graphs to certain trees.

Graph of Similarity Models, Recently a number of choice models have
been proposed which extend CRM by incorporating similarity measures. In
graphical terms the admissible sets for these rniodels are all doublets and
singletons. AIT1 links are allowable, see fijure 3c.

Grapk of EBA. In tha most general case for EBA, all proper subsets
are admissihle. Even for four alternatives EBA is so complex we have not

drawn it here.

= {X} —>={x}
=3 {y} > {x,y} >3
{X 7;YSV3W}_%_._=.5., {V} {X a.Y>V,W} —%{V,W}ﬁ\‘ﬁ— {V}
e {w}
a) Constant Ratio Model . b) Cne Portition for HE.i
' or HBM ;
{x,y} — {x}
~ {X QV} ‘l;y}
> {x,w}
{x,y,v,u} >
l—={v.v} vl
~5{y.w} e iw}
L {v,wl

c) Similarity Model

Figure 3: GCraphic Interpretations of Threz Agerdas
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Adnissible Sets

As discussed above EBA is a very complex model incorporating all
Potential suhsets and links in a graph. Fortunately there are a number
of useful restrictions on admissible sets that make EBA a more practical
model for strategic decisions. Similarity models are one restriction re-
quiring only n(n+1)/2 parameters compared to 2™ in a general EBA model.
Hierarchies of partitions such as figure 3b are another class of useful res-
trictions. We are jnterested in two other important restrictions, prefer-
ence trees and fuil, balanced designs. These are certainly not the only
restrictions, however, they are a useful beginning to illustrate many
phenomena.

Preference Trees are a subclass of partitions defined on aspects.
In particular, if x: is the set of aspects assaociated with alternative X
then two alternatives, x and y, are part of a preverence tree if either
X'eyts yiex', or x'ay"' = ¢, Conceptually a preferance tree is an assymetric
tree in which an aspect cannot appear on two or more distinct branches,
Figure 4 is a preference tree. Preference trees turn out to be useful
strategic conc-pts because {1) they have a natural agendé defined by the
aspect structure and (2) they are a much more parsimonious representation

than a general EBA model. For greater detail see Tversky and Sattath (1979).

I

Consoles

[ | !
Calor ; Ba&W : Portables

Figure 4; Hypothetical Preference Iree (Assymetric Tree)



Full, balanced designs. Not all marketing problems occur as prefer-
ence trees. For example, many market structure problems, such as figure 1,

are concerned with trees where aspects appear on more than one branch. Fur-

thermore, many data collection procedures use factorial designs. In this
paper we investigate full factorial designs. For example, consider two at-
tributes, a and b, each with two levels, aj, ap, and by, bp. Then 2 full
factorial design consists of four products, X.,y,v,4, defined such that
xg {al,b]}, y''= {al,bz}, vl o= {az,b1} and w' = {az,bz}. If we apply EBA
to this design then the admissible sets are shown in figure 2. For example,
if aj is the first aspect to be choszn then the decision maker selects the
admissible set, {x,y}, from the offered set, {x,v¥,v,w}. We do not investi-
gate fractional factorials, such as orthogonal arrays, but these are natural
extensions of the theory developed here.
Relationshkips Among Processing Rules

EBA, HEM, and HBM are different cognitive processing rules, but they
do not always imply different choice probabilities. For example, Tversky
and Sattath (1979, Equivalence Theor=m) show that EBA and HEM yield identical
choice probabilities .on a preference tree. Such a result is not abvious
a priori, but onca proven it has tremendous implications. For example, iT
we wish to distinguish experimentally among EBA and HEM then we cannot restrict
ourselves to a preference tree. In this paper we extend the Tversky-Sattath
Equivalence Theorem to other structures and processing rules. In particular,
we show

(1) HEM and HBM yield equivalent choice prcbabilities on a preference

tree,
(2) EBA and HEM yield equivalent choice probabilities on a full

balanced design.
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(3) HEM and HBM (and hence EBA and HBM) yield different choice
prohabilities on a full balanced design,

(4) A11 three rules, HEM, HBM, and EBA, yield potentially different
choice probahilitiec on incomplete factorials. (eg., {x,y,v} 1in
the ahove notation.)

At present we have investigated these theorems on two-by-two designs. By

the time of the conference we should know the extant of their generalizability.

Constrained Agendas

HEM and HBM have associated agendas implied by definition. In general,

EBA- does not. Thus we consider a constrained version of elimination by

aspects (C@BA) in which an agenda is imposed. In CEBA, the probability of

chioosing a partition is equal to the sum of the choice probabilities of the
alternatives in the partition where the choice probabilities satisfy EBA
on the offered set. With this definition we can ccmpare the effects of

externally imposed agendas on HEM, HBM, and CEBA.

Trwarience. Tversky and Sattath (1979) show that if the aspect
structure is a preference tree then CEBA choice probabilities are unaffected

jf and only if, the constrained agenda is compatibiz with the agenda implied
by the preference tree aspect structure. (Two acendas are compatible if
theye is a third agenda that is a refinement of both). As shown in figure 2,
full, balanced designs also imply speciiic agendas by their aspect structure.
For example, if x' = {a],bi} and w' = {ay,b,} > EBA would never yield the
choice set {x,w} from a full, balanced offered set, {x.¥y,v,w}. It turns

out that choice probabjlities of a Tull, balanced dasign are unaffacted if,
and only if, the constrained agenda is compatiblie with the agenda implied

by the aspect structure. We are still investigating the generalization of

this theorem to any aspect structure.
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Dissimilar groupings. If choice probabilities can be affected by
agendas then it is possible that a marketing manager can increase the like-
Tihood that his product will be chosen by imposing an agenda. For example,
he can influence an agenda by advertising his product as particularly com-
petitive to another product. Witness thie advertising battle between Xerox
copiers (#It's just as good as a xerox.") and Savin copiers ("Xerox will
nrobhably buy one before you do.").

Tversky and Sattath (1979) show that if x',y', and z' form a preference
tree with {X,y} an one branch and {z} on the other branch, then, for CEBA,
grouping the dissimilar alternative, z, with one of the pair, say x, always
benefits X5 harms z, and is immaterial to Y. We'can expécf_ﬁarallel effects
on full, halanced designs.

In fact, suppose that x,y,v, and w form a full, balanced design as
defined above. Suppose further that ay >a, and b1> b2°- (Actually, these
inequalities are defined on the measures of the aspects, npt the aspects.)
Then a dissimilar grouping is an imposed agenda that forces a choice among
{x3w} and {y,v} foltowed by a choice within the chosen set. We show that,
for CEBA, such a dissimilar grouping hurts x and nelps w. (Note that x 33
always the Qreater probability alternative.) This would imply that Savin
benefits from being associated with Xerox while Xerox is harmed by being
associated with Sayin.

From our results on invariance we know that CEBA alters choice
probahilities if the agenda is not compatible with the aspect structure.

On a full, Balanced design a dissimilar grouping is not compatible with

the aspect structure, thus CEBA is not necessarily equivaient to HEM for
dissimilar groupings. This raises the question oFf how dissimilar groupings
affect HEM and HBM. We show that, for HEM, a dissimilar grouping hurts
and helps w, but, for HBM the direction of change, hurt or help,

depends
on the relative magnitude of a1, ag, b], and b2.
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Identification of Natural Hierarchizs

In constrained agendas the marketing manager acts to influence
the agenda that consumers use to choose among products in an offered set.
But suppose the consumer himself simplifies a complex choice problem by

partitioning the choice set and choosing among partitions, continuing until

he purchases one product. We have already discussed how such agendas or

natural hierarchies can affect managerial decisions on what market to enter.

For a more complete discussion of the impcrtance of such hierarchies and

a case example in the coffee market see Urban and Hauser (1980, chapter 5).

Such natural hierarchies are also important in market definition and the

identification of strategic business units for strategic planning.
Mathematically, the problem is to identify the implicit agenda and

the processing rule that the consumer is using and to do so by observing

his choice probabilities. Since we have already shown that EBA and HEM

yield-equivalent choice probabilities on preference trees and full, balanced
designs we will not be able to distinguish EBA and HEM on such aspect struc-

tures. It also turns out that choice probabilities for EBA, and HEM on

these aspect structures.are independent of the agenda as long as the agenda
is compatible-with the aspect structure. Thus, for preference trees or
full, balanced designs we can not, in theory, distinguish EBA from HEM or

identify their implicit agendas. On the other hand, HBM differs from both

EBA and HEM and its choice probabilities depend on the agenda.
Agerda tdentification. The mathematical problem is illustrated in

figure 5. (e begin with a full, balanced design because of its importance

in marketing research.) For a full, balanced 2x2 design, two agendas are

possible. The consumer can first decide among a = {aT,az} then b = {b1,b2}

as shown in figure 5a or he can first decide among b then a as shown in



figure 5b. Call figure 5a, a|b; call figure 5b, bja. Our problem is

to distinguish a|b from b|a by observing choice behavior.

a 2,
" l b2 by R
X y v w
.a) Schematic of the agenda, a|b
4 2 4 )
W

b) Schematic of the agenda b|a

Figure 5: 1Two Possible Agendzs for a 2 x 2 Design

131
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Diseriminal statisties. - L2t P(x|{x;y}) be the probability that

alternative x is chosen from the set ix,y}. Let R(x,y) = P(x[{x,¥}) /Pyl {x,¥})
then define Zy such that:
2= T [R(X,y) R (y,n) R (W,v) R (v5x)]
We show that for HBM if Z, > 0 then a|b, if Z;< O then bla, and if Zy = 0 the
agenda degenerates to CRM which we write, a%h. Ye can also define:
Z5 = In [R(x,¥) R (w,v)] and Z3 = 1n [R(y,w) R (v,x)]
and show that for HBM:
1) Z,=0and 23 >0 if ab
i) Z < 0and Z > 0 if a~b
1) Z,<0and 23 =0 if bla

Thus. if there were no measurement error we could distinguish al|b, bla,

and a~b by obserying Z} or 22 and Z3, (Note that the tests are not truly

indessndent since Z, ='22 + Z30)
We can generalize these tests to more complex designs and detarminse

whethar a precedes b in the agenda (a“b) even if other aspect pairs inter-

vene. The tests are straightforwarc generalizations of the 2 x 2 tests

where the discriminal statistics become averages of quartic comparisons
in which each quartic comparison hoids all aspect pairs but a and b fixed.

Thus we can distinguish agendas for full, balanced designs (Zm) with arbi-

trary m.

We rarely measure consumer behavior error-free. Fur-

Error theory.
thermore, even if HBM holds, we expect it will hold within some confidence

interval rather thanm exactly. Thus we assume log-normal error on the ratios

of choice probahilities, R(x.y)'s. We use this error theory to derive a

battery of three t-tests to distinguish a|b, bla, and a~b.
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The T-battery distinguishes among agendas, but the probability ratios

may still not satisfy the axioms of HBM even for the identified agenda. To

address this issue we apply the Hauser-Shugan (1980) transitivity F-tests
to either Z;, £y, OF L3 whera the average is taken over resetitions.
Since Z; = 0 for awb, Z, = 0 for a|b, and Eg = 0 for bla we use the trans-
itivity F-tests to determine 1? the appropriate 7} is closer to zero (at
some cantidence level) than would be true if HBM did not hold.
Identification of Processing Rules
The preceding statistical tests distinguish HBM from EBA, HEM, and
CRM. .(The case avb is actually the hypothesis that either EBA or HEM or
CRM holds.) We know that EBA can not be distinguished from HEM on preference
tress or full, balanced designs, but that does not mean the two processing

rules are always identical.

CEBL ps. HEM. It turns out that we can identify different processing

rules by using constrained agendas. Consider a full, balanced design as

defined above and let P([x,w] | {xgy,v,w}) be the probability that the set
{x.%} is chosen from {x.Y,Y,w} ‘under a constrained agenda forcing a choice
among {x,%} versus {y,v}. If we define Z, = P([x,w] [{X,y,v.w}) = P([y,v] |
{x,y,v,%}) then it is not hard to show. that 24?> 0 for CEBA and Z4=0 for HEM.
(Remember ay; > ap and by > bs.) Thus Z4 becomes a discriminal statistic for
CEBA versus HEM. An error theory is being investigated.

EBA vs. CRM. Let R (6w | {x,y,v,w}) =P (xl{x,y,v,w})/P(w[{x,y,v,w})
and define 7, = R(x,w|{x,ysvsw}l) ~ R(X,w[ix,w}). Then we can show that
for a full, balanced design as defined above, ZS > 0 for EBA and Z5 =0 for

CRM. An error theory is being investigated for the discriminaj statistic 27
5-
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This paper investigates agendas and their relationship to four cog-

nitive Processing rules. We begin with a general structure in which a choice

Process is defined as a directed graph from sets of alterratives to admissihle
subsets and show that a natural definition of an agenda is the order of choice
among partitions. Qur first results concern the equivalence and non—équiva-

lence of the various processing rules (CRM, EBA, HEM, and HBM) on preference

trees and full, ba]gnced designs.
We next investigate externally imposed agendas and show that only a

certain class of agendas, those compatible with the aspect structure, do not

affect chqice probabilities. We make this result normative by showing that

dissimilar groupings, for both CEBA and HEM on a full, balanced design., help

the weaker alternative.

Agendas can also be implicit. Thus we derive a series of statistic

tests to distinguish among agendas for HBM and to determine whether HBM is

a reasonable jnterpretation of observed choice probabilities. (Natural,

compatible agendas on full, balanced designs do not affect choice probabili-

ties for HEM and EBA).
Finally, we investigate discriminal statistics to distinguish CEBA

from HEM and to distinguish EBA from CRM.
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Appendixz: Ezcmple Calculations for CRM, EBA, HZA, and dBM

Consider the following tree, let T = {X,¥,V,W,}:

Constant Ratio. Model (CRM)

°

P(x|T)

(ag#bq) /[(agtby) + (ay+by) + (ap%bq) + (aydy)]

PLy[T) = (ay#5,) /D(ag+dq) + (ay+by) + (ay#d,) + (agtdy)]

Elimination by Aspects (EBA)

P(x|T) ay P{x|{x,y}) + by P(x|{x,v})

= a“ ED'l/(b'i'i.bZ)] + b'[ [a]/(a]‘}'?a)]

a1b1/[(a-{+a2) (.b]+b2)]

wheye

aT+a2+b1+b2 = ]

Py[T) = a1b7/[(a1+ag)(b]+b2)3
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Hierarchical Elimination Model (HEM)

PCXIT) = [al/(a'l+a2):] [b]/(b‘1+b2)]
= a1bl/[(a1+a2) (_b]‘l'bz)]

P(y[T) = a;bo/[(aq+ay) (bytb,)!

Hierarchical Balance Model (HBM)

P(x|T) {(ay+bytby)/[(ay+bythy) + (az+b]+b2)]} [b1/(h]+b2)]

P[T) = [(aqtby+by)/[(aqtbytby) + (aytbq+b,) 1} [by/(by+by)]
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