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ABSTRACT 

The Shapley Value, a cooperative game theory model, is adapted for use as 

a category preference measure in marketing. The model collects overall 

ratings for bundles of choices. These are then decomposed into individual 

preference scores by estimating the average marginal contribution of each 

choice over all applicable bundles. 

The technique provides a holistic rating alternative to constant sum for 

estimating preferences. It is applicable where choices are disparate, 

incommensurable, and apportionment difficult, where the questioning might 

gain from indirection or obfuscation, or where unambiguous attribute sets 

are not available. It provides a metric in circiunstances when respondents 

are reluctant to choose between altematives, but when one can elicit ratings 

(that do not appear to yield preference orderings). 

The Shapley Value is compared to weighted additive and indirect share 

preference models based upon proximity to a constant sum standard. 

Proximity is measured by two distance metrics: a Euclidean distance and a 
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directional cosine (correlation) measure. Statistical testing demonstrates that 

Shapley Value is significantiy closer to constant sum than either weighted 

additive or indirect share in two categories - fast food restaurants and actors 

in Seinfeld. 

Testing was conducted in a computer-aided laboratory setting. Subjects 

were 93 undergraduate business majors enrolled in an introductory 

marketing course. They were compensated for their participation with both 

a monetary and course credit incentives. 

Key words: marketing model, preference model, cooperative game theory, 

Shapley Value 
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Chapter 1 - Introduction 

This dissertation describes a new model to measure attitude and preference 

formation. It follows from the notion that how we feel (and how we report 

how we feel) determines how we act when we are presented with 

consumption opportunities (Lilien, Kotier et al. 1992). This model, the 

Shapley Value, is adapted from economics and game theory. It is based on a 

paradigm that is significantly different from most preference models in the 

marketing field which are grounded in psychology and decision theory. 

In this dissertation, the Shapley Value's predictions are compared against 

three marketing research questioning techniques, indirect share, weighted 

additive and constant sum estimation, with constant sum being used as the 

standard of comparison. The quality of the estimates are an indicator of the 

convergent validity (Cook and Campbell 1979; Jaccard, Brinberg et al. 

1986; Nuimally and Bernstein 1994) and applicability of Shapley Value to 

marketing. 
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The overall goal of the work is to introduce a preference measure that is 

independent of the choices that make up a category. The filming of the 

question is intended to bring into doubt the robustness of current 

techniques, most of which work well in relatively homogeneous, attribute-

structured categories. However, these techniques become less effective as 

competing choice alternatives become more disparate. This is particularly 

evident in allocative methods (e.g. constant sum). For this class of measure, 

if a subject has difficulty envisioning an encompassing category, (s)he 

cannot partition preference among choices. 

The Shapley Value technique is based on ratings. It is not grounded in 

choice comparisons. The benefit of this approach is that it can be used when 

subjects are comfortable providing ratings but they either cannot allocate 

preference or feel uncomfortable doing so. This is a common problem with 

issues of social conscience or political correctness. Subjects wish to 

publicly position themselves as being among the majority, whether they are 

or not(Mick 1996). This can reflect a bandwagon effect, a halo effect, or any 

number of other phenomena which express beliefs or opinions that do not 

represent the subject's view. 
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The Shapley Value method is opaque. Although there is no intent to 

obfuscate, the goal of the question sequence (i.e. to estimate marginal 

contributions) is not obvious. When there is hesitancy in expressing an 

allocation, as above, this can be advantageous. 

Shapley Value is also appropriate when subjects are able to rate but do not 

know how to allocate. The method provides a fair, unbiased, objective rule 

to convert multiple ratings to preference shares. As will be described, an 

inability to allocate becomes increasingly likely as choice alternatives are 

drawn from different 'conceptual' categories. 

This potential problem with allocation suggests the proposition that subjects 

find it easier to rate than to allocate. They are more able to assign relative 

values to bundles than partial their preferences between the components of 

bundles. Once again, this becomes increasingly apparent as the bundle 

elements become more disparate. 
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It will be shown that Shapley Value is more similar to constant sum than 

either of two other tested techniques. If one believes that constant sum is the 

preferred preference measure, and if it is inapplicable in a category, then 

one should desire the next best substitute. Among rating based techniques, it 

is posited that Shapley Value is one of these. 

WADD - A Contemporary Preference Model 

Non-compensatory and compensatory methods are generally described as 

they relate to 'ordinary' conceptual categories. These categories are 

distinguished by a modest number of homogeneous alternatives with a 

clearly defined set of characteristic attributes. Even when a given alternative 

does not have a value for a particular attribute, one can, in principle, 

contrast pairs of alternatives by attributes present in both. 

As this study contrasts several methods, testing is restricted to those 

categories where all methods are appropriate. In particular, this limitation 

impacts WADD and the requirement that an attribute approach is suitable. It 

has been argued(Johnson 1984; Johnson 1986) that one can always 
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construct attribute lists to represent any category. One can achieve this by 

generalizing the attributes. However, comparisons are facilitated if one 

restricts the testing environment to (for want of a better name) 'ordinary 

conceptual categories'. This assures that WADD is not evaluated in 

circumstances which might be construed as disadvantageous'. 

The primary model that will be tested against the Shapley Value is 

described next. It will be seen that the restriction on this model is the need 

for attributes. For most categories, this is not a significant limitation. 

There are two theories that one can apply to reach the weighted additive 

(WADD) rule. One is the belief7importance approach (Bettman, Johnson et 

al. 1991; Lilien, Kotler et al. 1992). This "develops a weighted (composite) 

value by multiplying the weight times the attribute value and summing over 

all attributes to arrive at an overall evaluation of an alternative." (BJP, 

pg.58) 

' The difficulty with this approach to testing WADD is that it biases the argument that the method is limited 
in the nature of the categories in which it may be used. In one case, for an extended category, there is an 
argument that the category selected is a poor, inappropriate choice. In the other case, for a conceptual 
category, the model is appropriate, but limited by the confines of the test case. It will be argued that if the 
Shapley Value is superior (i.e. closer to Constant Sum) in the best case, it should follow that it would be no 
less successful in a more con l̂ex category. 
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= Z ô.a, 
I  

where = attitude toward object 

bj = belief that the object possesses attribute i 

aj = evaluation (goodness or badness of attribute i 
(from Lilien( 1992)) 

A number of studies (Sheth 1970; Lutz and Howard 1971; Bass, Pessemier 

et al. 1972; Heeler, Kearney et al. 1973; Kraft, Granbois et al. 1973) have 

used this WADD approach. 

Another model, which has the same algebraic structure but a different 

interpretation, is the Theory of Reasoned Action (Fishbein and Ajzen 1975; 

Ajzen and Fishbein 1980; Shimp and Kavas 1984). In this interpretation, 

there is a causal chain fi'om attitude to intention to behavior. This is a viable 

alternative view if one makes the strong assumption that attitude formations 

(alone) drive preference. One can certainly make a case for this fi*om 

advertising practices which emphasizes attribute bundles (benefits) (Haley 

I  

where A„ = attitude toward object 

bj = belief that the object possesses attribute i 

aj = evaluation (goodness or badness of attribute i 
(from Lilien( 1992)) 
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1963). 

WADD, as implemented in the Theory of Reasoned Action has been applied 

to strategic choices in Prisoner's Dilemma games (Ajzen 1971), voting 

(Ajzen and Fishbein 1980; Fishbein, Middlestadt et al. 1986), and consumer 

purchase decisions (Warshaw 1980; Brinberg and Cummings 1983). 

Although different in conception, both models are WADD. There is no 

consensus about which is superior (Bettman, Capon et al. 1975; Mazis and 

Ahtola 1975). 

For the purposes of this dissertation, the belieCimportance interpretation of 

WADD is assumed rather than the more complex chaining mechanism. The 

totality of models that have the WADD functional form argue for the 

proposition that the model is an appropriate, mainstream test for the Shapley 

Value. The models above are not the only variations on the structural form. 

There are any number of others that, with simple transformations, fall into 

the WADD class. For example, Logit is WADD. However, as these 

variations require parameter estimation, a complication that might detract 
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focus on an overall comparison, they were not considered for testing. 

However, as they are sigjiificant members of the WADD class, they are 

enumerated in Appendix A. 

When dealing with compensatory models, weighted additive models have 

been a standard method to construct and order preferences. If alternative 

scores are computed from attributes and attitudes at the individual level, and 

normalized to shares with interpreted as 

individual probabilities. 

This methodology is not without problems. WADD models are unbounded. 

There is no range constraint on /!,. Further, there are implicit relations in the 

ratios of pairs of shares (i.e. 5, / Sj) which are independent of changes or 

additions to the category (i.e. the denominator, the total market, drops out of 

this ratio). It is also possible that the attribute composites, Ai, are not 

statistically independent. Finally, the sirannation should encompass most or 

all m alternatives. However, for categories where the attribute dimensions 



20 

are well understood (and tolerably orthogonal), creating shares by this 

methodology is acceptable. 

Once again, WADD shares, derived by the above method, are not applicable 

in all cases. If one wishes to estimate preferences for, say, works of art, 

there is no obvious way to do this by WADD attribute decomposition. It 

would be ludicrous to rate works by canvas size, or sort them by hues. One 

might consider variables for period of the work, the artist's reputation, the 

typicality of the work for the artist, or the average selling price of the work. 

However, where the principal elements are aesthetic, it is clear that one 

should not use a decomposition strategy. It is not appropriate. Houses, 

automobiles, lawyers, doctors, and many other goods and services do not 

easily disaggregate into components. 

There are salient elements in each of these categories which might be used 

to construct ordered indices. However, they lose more of their essence in 

translation from whole to part than is gained in ordering and/or scaling. For 

almost all holistic goods and a great many alternative-based goods, they 

must, inevitably, produce questionable estimates when they are 
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disaggregated. Alternatives to attribute decomposition are enumerated in the 

literature review in Chapter 2. 

Vignettes 

The following vignettes illustrate the complexities and difficulties with 

current questioning techniques. Their value will be apparent in the 

discussion which follows. 

in the Tuna Fish Aisie 
There are a large number of brands. Some are national, some 

regional, another is private label, yet another generic. They 

differ by quality, size, color, price, etc.. Based on past category 

experience, the choice of brand is reduced to two close 

alternatives. They both possess all essential characteristics. 

The only demonstrable differences appear to be in positioning. 

The first advertises that it is environmentally responsible. 

Porpoises are not injured during tuna fishing. The other 

emphasizes its high quality. In a series of comedic, cartoon 

ads, a particular tuna is rejected (by the advertising managers) 



22 

for possessing good taste rather than tasting good ("Sorry, 

Charlie "). A purchase decision is required. 

At the Jeweler 
There is a variety of rings, bracelets, broaches, and necklaces. 

There are many specimens of each type. All are fine quality. 

After some preliminary elimination, a choice is reduced to a 

decision between a certain necklace and a cameo broach. 

At Home - 'Big Ticket' 
The kitchen appliances are getting old and need to be replaced. 

It is also vacation time. Budget limitations and responsibility 

necessitate prudence. A choice has to be made between new 

appliances, a refrigerator and dishwasher, or a vacation. 

Issues with Encompassing Categories 

These vignettes illustrate choice decisions which are similar yet analytically 

separable. In each, a choice has to be made. However, as one moves from 

'the tuna aisle' through 'the jeweler' to 'the big ticket' case, there is a 

qualitative difference in the constitution of the decision category. One must 

expand the category definition, from the narrowly defined (i.e. tuna fish) to 
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the general (i.e. big ticket purchases). This is necessary to encompass all 

alternatives in a shared category. 

Attribute sets that can retain their applicability across increasingly diverse 

alternatives must be quite generalized. As the degree of heterogeneity in the 

choices increases, shared attributes can only be nonspecific. While this 

permits one to retain a WADD approach, any diagnostic value to the 

model's coefficients dissipates. 

Preference ordering techniques predicated upon partitioning alternatives 

using attribute (Johnson 1984; Johnson 1986) or feature characteristics (i.e. 

weighted additive models) become ineffective as categories become less 

cohesive. Attributes become vaguer and less discriminatory. Thus, choice 

can only be driven by feature characteristics in tightly formed, 

homogeneous categories. 

For example, if one is considering jewelry, one would probably use material 

(e.g. gold or silver) as an attribute. One might also use style (e.g. classical or 

contemporary) as an attribute. One would certainly use cost. As categories 
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become more generic, to encompass all choices, original category attribute 

drivers become increasingly distant from collective attributes. 

When one expands from fine jewelry to fine jewelry and leather goods (a 

more general category of women's accessories), the material attribute 

devolves into gold, silver and fine leather. Style also requires a more general 

interpretation. Absolute price remains the same. However, price variance 

increases and expectations change. 

Beyond this, individuals do not process information monolithically. Each 

has unique personal history which influences and weights attribute 

important. These, in turn, affect behavior. As pure category attribute 

preferences transform into diluted attributes, preference strategies become 

more problematic. The specific weighting that was applicable against 

'targeted' attributes loses focus with expanded categories. Subjects 

(probably) increase the use of experiential variables to separate choices. 

Pure attribute strategies are exchanged for other heuristics. 
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Even when common attributes or features are drivers, if preference is based 

solely on these, a significant amount of variation can remain under-specified 

and unexplained. This is suggested for several reasons. First, as mentioned 

above, individual experiential detail and context is omitted. Second, closed 

end question lists (where present) are restricted by experimenter's 

perceptions, historical biases, and economics. Most studies omit significant, 

driver variables. These take several forms. They include both selective 

attitudinal as well as experiential variables. 

In allocative models (i.e. constant sum), where shares are directly estimated, 

problems arise with disparate choices (i.e. a vacation vs. appliances). It can 

be difficult for subjects to conceptualize a unified, encompassing category. 

It follows that if there is no conceptual category, one cannot partition it by 

preference. Under this theory, there is great difficulty dividing points 

between the appliances and the vacation. It is a problem of 

incommensurability and simple algebra: no whole, no denominator; no 

denominator, no fi'action; no fraction, no share. 
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A final alternative is gathering overall ratings for choices and norming to 

shares (indirect share). This approach has its own problems. There is 

generally no competitive context. One usually rates Brand X, Y and Z. One 

does not rate of Brand X in the context of Brands Y and Z. However, it also 

has pluses. As the bases for rating construction are open-ended, all elements 

that contribute to preference are included. 

It can be seen that standard measures have increasingly severe problems as 

categories expand. In the real world, decisions are not made between easily 

commensurable alternatives. Allocative procedures can be inappropriate (no 

common basis for apportioning), and ratings, as defined above, can be 

inadequate and/or abstruse. 

The Shapley Value is offered as an alternative to the previously specified 

models for estimating preference. Where other models become weaker in 

disparate categories, the Shapley Value maintains its quality. The goal of 

the work can now be stated. It is to provide a method to allocate preference 

among choice alternatives in an arbitrary, ad hoc category. The method 

applies to categories which are bounded by individual, household, or 
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business collective limitations rather than the limitations imposed by 

undergraduate subject pools. 

Complex decision making extends beyond what has been defined as an 

ordinary conceptual category. The methodology can equally assess 

preferences for alternative business plans, surgical procedures, political 

candidates, or the purchase of appliances versus a vacation. If aggregations 

of alternatives can be assigned collective preference scores, the procedure 

can estimate scores for each of the individual choice elements. Beyond the 

scores themselves, the logic of the method speaks to its intuition, fairness 

and its ability to synthesize all of the information that is brought to bear on 

each aggregate rating. 

Shapley Value Concept 

The Shapley Value model has a number of properties that social scientists 

should find desirable. In the description that follows, the term 'player' is 

used interchangeably with choice alternative. This is a departure from game 

theory notation. However, it is consistent with other applications where 
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referent allocations have represented airplanes (Littlechild and Thompson 

1977; Littlechild and Thompson 1977), computer links (Lightfoot 1990), 

and political entities (Shapley and Shubik 1954; Banzhof 1965; Shapley 

1981). 

If decision making is viewed as a game, assessing probabilities for choices 

is an intermediate goal. How one should play an entire game, or more 

immediately, decide on the next move is a function of the expected benefit 

of each possible move and the consequences that would follow. The 

Shapley Value computes the a priori worth of playing the game to each 

player. This is important. The model anticipates the playing of the game. It 

does not offer an a posteriori critique or post mortem of how the game 

should have been played. Witli Shapley Values, one can determine potential 

payoffs in the future. This is critical information. It allows an informed 

decision about - whether to play or not. 

If decision making is likened to climbing a tree, then the first decision is 

whether to climb or not. Subsequent decisions, to move out along branches, 

refine decisions until, ultimately, a leaf and a decision is reached. If one is 
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lacking information, or if one is confronted with only unappealing choices, 

one opts to defer choice. 

For example, no one would take over a chess game when it is obvious that 

(s)he will be check-mated in three moves. On the other hand, most people 

would take over a winning or apparently advantageous position in any 

game. Why? People want to estimate their payoffs ahead of time. In a more 

serious context, such as the reallocation of power in a legislature, the 

question is whether to modify the constitution or not - whether to play. 

Shapley Value choice outcomes possess important characteristics. Thev are 

normative. Given appropriate axiomatic foundations and (utility) 

definitions, one cannot better estimate outcomes. No distribution of choices 

can be improved upon (Pareto optimality). In most observers' minds, the 

model generates 'fair* outcomes^ For this reason, the Shapley Value model 

is regularly used as a cost apportionment tool. 

Lastly, the Shaolev Value model is intuitive. It computes the value of a 

choice as its average marginal contribution in the context of all other 
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choices. It is an estimate of unique value-added that any alternative 

possesses. Put another way, choice values are assigned based on what one 

gets from each choice (marginally) beyond other choices. In this, it seems to 

replicate the way that many decisions are actually made. 

One cannot have a reasonable method based on an unreasonable foundation. 

The axioms that underlie the model are also intuitive (See Chapter 3). As a 

totality, the collective proposition (model and axioms) relies on the notion 

that if one is to use a model, ex ante, before the fact, one should be 

comfortable and confident in its entirety. 

The previous paragraphs have enumerated conceptual features of the model. 

The model is a priori, fair, optimal, and intuitive. 

Shapley Value Formalism 

The Shapley Value model estimates shares from ratings. However, it does 

so in a unique, interdependent fashion. Each rating includes competitive 

context. Each rating is for a bundle of two or more choices that are rated 

~ This is asserted &om its application in 'the field'. See Chapter 2 for a list of applications in the social 
sciences. 
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collectively. Within Shapley Value, no choice is ever rated in isolation. 

Single item scores are not elicited^. This eliminates the possibility of bundle 

scores being summed from individual player scores^. Shapley Value appears 

invariant to the elemental composition of any category. Subjects appear 

willing to assign a rating to all kinds of collections of choices. The Shapley 

Value method is able to partition these rating scores among the various 

choices. Choices can be at any mix of conceptual levels. They can be non-

comparable (Johnson 1984; Johnson 1986; Bettman and Sujan 1987; 

Johnson 1988), abstract or experiential (Hirschman and Holbrook 1982; 

Holbrook and Hirschman 1982). The measure only requires that subjects be 

able to specify an (interval scaled) preference score for bundles of 

alternatives. 

In previous applications, the Shapley Value model has been used to 

apportion cost or power. Alternatives (players) were extemal, real world 

objects: persons, institutions, or things. In this application, the notion of a 

game is introspected, turned inward. The domain of this game is the mind. 

 ̂ They are collected to create shares from ratings, an alternative estimator. These ratings are always 
gathered after the Shapley Value battery to forestall contamination. 
''This would create constant marginal returns rather than diminishing nfiarginal returns. Such a result would 
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The players are choice alternatives (i.e. brands or other internal cognitive 

structures). The game is to distribute category preference among choices. 

Shapley Value Calculation - A Two Alternative Example 

The Shapley Value has previously been described as the average marginal 

value that a choice contributes, or as a good's average unique value. As an 

introduction, a small example is given. Included in this is a brief game 

theory lexicon. A game, for purposes of this work, is a sequence of moves 

or decisions. Selections that are made come from a limited set of players. N, 

in this case, choice alternatives. Particular groupings or bundles are, 

formally referred to as coalitions. The total choice set is the grand coalition. 

Values that are associated with coalitions or groups are defined by a 

characteristic function. V, that specify the 'rules' of the game. A game is 

specified by G= (N,V). G is comprised by a set of players, N, which form 

named coalitions with values prescribed by a characteristic function. No 

other information influences games. 

be counter-intuitive for late entries. 
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Assuming that the reader has not encountered either game theory or the 

Shapley Value before, a simple computational example is presented. A more 

elaborate example is presented in Chapter 2 as part of the technical 

specification. 

Consider a two choice (a,b) game with the following four rules 

{characteristic function}; (V ((|))=0, V (a)=10, V (b)=15, V (ab)=20). V 

(ab)=20 is interpreted: 'the value, V, of the bundle {coalition} consisting of 

the players 'a' and 'b' is twenty'. The values are defined on an arbitrary 

interval scale. The method used to generate the values is unspecified and is 

not part of the game^. 

One can draw a number of inferences from this game. Moving from the null 

bundle, (({)), to (a) adds 10 units by including 'a'. Moving from bundle (b) to 

(ab) adds an additional 5 units from 'a'. The average marginal contribution 

of 'a' in this game is (10+5)/2 or 7.5. One can perform an analogous 

computation for 'b' and arrive at an average marginal contribution of 

 ̂ ShapIey has argued that if the assignment of coalitions and values to the characteristic function is not part 
of the game but external to it, then the game 'executes' mechanically. There is no cognition or rationality 
involved. This approach eliminates critiques that foctis on the perceived 'fatal flaw' of game theory -
limited rationality. 
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(15+10)/2 or 12,5. The Shapley Value for this game is SV (a,b)= (7.5,12.5), 

or, normalizing to shares, SV (a,b)= (37.5%,62.5%). 

The Shapley Value is a pure mathematical abstraction. It is independent of 

the meanings of 'a' and 'b'. There is no stipulation as to their particular 

constitution or comparability. Either may even be a set of elements. Finally, 

there is no restriction as to signs. It is possible that V (ab) < (V (a) U V (b)). 

This would imply that a marginal value is negative. In utility theory, this 

would be a disutility. In this implementation, it suggests that there are 

alternatives which are cognitively incompatible as bundles, say, Andres 

Segovia (the late virtuoso, classical guitarist) and Boy George. This is an 

intuitive property for a behavioral model^: a whole that is less desirable than 

the parts. 

An alternate estimator is also possible. One can change the game rules to 

include only the marginal contribution of moving from a single to a pair of 

choices (excluding the null set, V ((|))=0). This would result in Shapley 

 ̂ When the model is run, negative scores are set to zero. This avoids dealing with disutilities in a positive 
enviroiunent as well as the problem of rescaling into the [0,100] interval. 
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Value (a,b)={5,10}={33%,67%}. The difference between the two estimates 

is numerically insignificant. However, based on the characteristic functions, 

these solutions are the result of two distinct games. One is defined by Gi= 

(y (<!>)» V (a), V (b), V (ab)); the other is defined by 62= (V (a), V (b), V 

(ab)). Within game theory, both are equally valid. Neither is preferred. 

Shapley Value Formalism - Revisited 

With increased understanding of the model from the brief example and 

lexicon, the game description can be expanded. The domain of the Shapley 

Value game is the mind. The roles of players are filled by the choice 

altematives. The characteristic fimction is supplied by subjects through a 

tableaux where they assign values to all coalition bundles in the game. 

Subjects, unknowingly, define the game. This approach is unique among 

Shapley Value applications. It is also unique among known cooperative 

game theory models. 

It should be clear that this methodology is game theoretic in spirit. It is 

explicitly self-negotiating in determining preferences. Bundle responses are 

not one shot, blind (in sequence), and irretrievable. Subjects can see all 
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bundles and can update these as desired. The subject can be fiilly satisfied 

with each score and with all relationships between scores. As long as the 

subject can reallocate until the ordering is satisfying, it is, in a cognitive 

sense, cooperative. 

A Standard of Comparison - The Constant Sum 

In categories where WADD is appropriate, there is opportunity for 

comparison with the Shapley Value. As previously mentioned, there are 

application areas in common: Prisoner's Dilemma(Ajzen 1971), 

voting(Ajzen and Fishbein 1980; Fishbein, Middlestadt et al. 1986) and 

consumer decision making(Warshaw 1980; Brinberg and Cummings 1983). 

What remains is to define a standard of comparison. How should one assess 

the two measures? The standard that is used is the constant sum. 

Previous research (Reibstein 1978) contrasts the WADD model with the 

constant sum model. The findings strongly suggest that WADD models are 

good representatives of compensatory models. However, there is 

experimental evidence that constant sum models are superior. This 
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conclusion is based on a three technique test comparing Constant Sum, 

WADD, and Dollar Metric (Pessemier, Burger et al. 1971). The test 

evaluates shares estimated by the models against a supermarket simulation 

over a six week period. The constant sum model outperforms the other 

models using distance measures that are repeated in this study. 

For this test, both Shapley Value and WADD (as well as indirect share) will 

be evaluated for their proximity to a constant sum standard. This will be the 

test of convergent validity. How well does Shapley Value perform relative 

to WADD against constant sum? 

As a final justification for the comparison, in addition to similar application 

histories and widespread acceptance, one would like to contrast Shapley 

Value, a normative estimator, with another normative estimator. It has been 

suggested that WADD models are normative in the limit: 

'T^ormative procedures for dealing with decision problems 

generally prescribe processes involving the consideration of all 

the relevant problem information. For example, the weighted 

additive (WADD) rule considers the values of each alternative 
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on all the relevant attributes and considers all the relative 

importances..." 

(Bettman, Johnson et al. 1991) pg. 58 

WADD has also been cited as (potentially) normative in other works 

(Keeney and Raiffa 1976; Payne, Bettman et al. 1993). While it is unlikely 

that any realization of a WADD model actually encompasses all salient 

features, that the model has the capacity to do so lends credence to its use as 

a convergent validity test for the Shapley Value. 

Dissertation Organization 

The balance of the dissertation is organized as follows. Chapter 2 contains 

a literature review. This provides references to the key citations relied on in 

this work. This includes basic information that orients the reader to 

applications of Shapley Value in the social sciences, a historical view of 

game theory, and a brief decision theory context. 
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In Chapter 3, a complete description of the Shapley Value model is 

provided. This includes alternative specifications and interpretations, 

pertinent game theory detail, including axiomatic assumptions and utility 

definitions. Important proofs are highlighted (Shapley Value as a direct 

utility measure, Pareto optimality). A detailed computational example is 

provided for the four alternative case (comparable to the work's main 

experiment) along with a Pascal computer fragment (Appendix B) which 

automates the estimation. Finally, behavioral critiques of the game theoretic 

approach are presented to add balance to the presentation. 

In Chapter 4, the methodology for this study's experiments is detailed. This 

includes pre-test experiments and findings, as well as the main experiment 

design and implementation details. Particular attention is paid to the 

comparative measures that are the basis for convergent validity claims. 

Chapter 5 contains the main study findings. These include the statistical 

analyses performed to test the superiority of the Shapley Value model. They 

also include secondary testing within market segments: (high/low frequency 
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users), sex, and need for cognition measures. These indicate that Shapley 

Value appears to perform comparably in all tested segments. 

Chapter 6 contains theoretical and managerial implications as well as next 

steps for this research stream. 
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Chapter 2 - Literature Review 

There are three bodies of literature that are relevant for this dissertation. 

The first literature body covers applications of the Shapley Value in the 

social sciences. It is this list which suggests that the Shapley Value might 

be usefully applied to marketing. The list is not exhaustive; rather, it is 

indicative. It is a cross section of applications across a number of 

disciplines. 

The second body of literature covers cursory background material on 

game theory. It includes a historical lineage and practical definition of 

game theory. There is a prevalent belief that game theory dates from 

1944 with von Neumann and Morgenstem. This is not the case. Nor is it 

the case that game theory is practiced by only a limited number of niche 

economists. The citations list a number of eminent researchers who 

would not, normally, be considered game theorists. 
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The last literature base considers two aspects of decision theory. The 

first, decision strategy, concerns the pruning of decisions. How are 

viable alternatives separated fi-om those that are not suitable (non

compensatory processes)? How is the best choice determined from 

among the good choices (compensatory processes)? This logical flow 

within decision theory isolates the positioning of the Shapley Value 

within compensatory processing. By extension, it shows a point where 

cooperative game theory joins decision theory. 

The second aspect describes decision tactics. How can one partition 

categories and questioning to select 'the best' alternative fi*om 'the good' 

in compensatory processing? This taxonomic segmentation yields the 

questioning methods that are contrasted in the main experiment. It is 

within this structure where holistic methods (e.g., constant sum, indirect 

share, and Shapley Value) are differentiated from attribute based 

techniques (e.g., WADD). 
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Shapley Value Applications in the Social Sciences 

The Shapley Value model has been used in a wide variety of disciplines. 

It has been employed in urban planning to apportion airport landing fees 

(Littlechild and Thompson 1977; Littlechild and Thompson 1977), in 

political science to assess the relative strength of coalitions in 

parliamentary voting rules and to measure the relative power of the 

Congress and the President (Shapley and Shubik 1954; Banzhof 1965) 

(Miller 1973; Riker and Ordeshook 1973; Shapley 1981), in finance to 

assess the impact of taxation models (Aumann and Kurtz 1977), in 

management science/information systems for equitable LAN cost sharing 

(Lightfoot 1990) as well as in theoretical economics (Aumann and 

Shapley 1974). 

These applications support the claim that game theory and Shapley 

Value are inter-disciplinary, practical tools. They have already made 

contributions in the social sciences. The attempt to apply the Shapley 

Value to academic marketing is a logical extension. 
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Game Theory and the Shapley Value 

This section provides a brief glimpse at game theory. It provides a 

chronology, a functional overall definition, and a description of the 

particular variety of game theory from which the Shapley Value model 

derives. 

Contemporary Game Theory is generally dated from 1944 and the 

seminal work by Von Neumann and Morgenstem (von Neumann and 

Morgenstem 1944). However, the Talmudic Law anticipated Game 

Theory as early as 500AD in mles for allocating estates (i.e. the 

nucleolus) (Aumann and Maschler 1985). A letter in 1713 provided the 

first known minimax mixed strategy solution (von Neumann 1928; Luce 

and Tucker 1959) for a two person game (Waldegrave 1968). A book on 

Duopoly Theory in 1838 (Coumot 1897) foreshadowed the Nash 

Equilibrium (Nash 1950). hi more modem times, but still pre 1944, 

economists and mathematicians such as Edgeworth (Edgeworth 1881), 

Borel (Dimond and Dimond 1992), and Fisher (Fisher 1934) made forays 

into this strategic field. The point is that it is erroneous to believe that 
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Game Theory is simply a relatively new, impractical, mathematical 

niche. 

Functionally, Game Theory is an inter-disciplinary approach to human 

behavior. The notion of a 'game' has become a metaphor for exchange in 

which outcomes depend on the interdependent strategies of two or more 

players who have opposed or (at best) mixed motives^ 

Q 

A cooperative game, the type from which Shapley Value derives , is one 

in which there exists (at least in principle) the possibility of coordination 

among the players. Players may enter into mutually binding agreements 

which make collective benefit possible. This is the sole feature which 

differentiates it from non-cooperative games (Kahan and Rapoport 1984) 

and makes it more applicable in representing aspects of social sciences. 

 ̂Paraphrased from W. BCing, Drexel University (Internet HTML file) 
' A non-cooperative interpretation of Shapley Value has also been proposed (Gul 1989). 



46 

Decision Theory Context - Decision Strategy 

Decision making strategy is like an onion. There are a succession of 

enveloping layers. Each layer leads to a more specific strategic 

refinement. Not all layers of strategy are appropriate to all problems. 

Further, individuals differ in the strategies that they have developed. Not 

everyone deals either with the same set of strategies or the same degree 

of sophistication in their application. 

The first layer of overall strategy controls the allocation of cognitive 

resources. The primary considerations are proportionality and bounded 

rationality (Simon 1955; Simon 1956; Simon 1959). These mandate that 

important decisions be allocated more resources than lesser decisions. 

They assign priorities which dictate the order in which problems will be 

attacked. They limit the maximal resources that should be allocated to 

any task. For example, for most people there is a ceiling on 

computational effort to insignificant problems. 'Pick one at random', or 

'pick the nearest' are sample heuristics triggered by exceeding 

computational thresholds. 
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If a decision has not been dismissed as 'trivial', it is broken down into its 

component parts. The theory is that big decisions should, if possible, be 

broken down into smaller decisions. The logic behind this is that most 

problems have components that have been solved before. These solution 

modalities can be applied again. If one can simplify then there is hope of 

solving a problem 'bit' through past experience or with a known method. 

The name for this approach is 'divide and conquer'. The rule breaks up 

problems and passes them to the appropriate layer of the decision making 

process (onion). It breaks down complex problems into a larger number 

of simpler problems. This technique is widely applied in many fields 

(Horowitz and Sahni 1978; Shanteau 1988; MacGregor and Lichtenstein 

1991; Rich and Knight 1991; Kolodner 1993; Payne, Bettman et al. 

1993). 

At this point, two levels of decision strategy have been described. Each 

following from divide and conquer. Perform all tasks with as little 
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cognitive effort as possible (Shugan 1980; Thaler 1985). Break down 

the problem (recursively) into simpler problems 

The next level of strategy and minimize cognitive effort is to reduce the 

size of the problem. For example, if one is to contrast every pair of 

alternatives, each choice which can be eliminated prior to this 

comparison creates an O (n")' reduction in cognitive effort. Strategies to 

facilitate this task are well documented and include eliminating 

alternatives that conflict with ingrained principles (Beach 1990; Beach 

and Mitchell 1996), prioritizing and eliminating based on the most 

important attributes first (lexicographic processing) (Fishbum 1971; 

Fishbum 1974), setting minimum (acceptable) threshold levels for 

attributes (satisficing) (Simon 1955), or using some other pruning 

heuristic which can delete a choice without extensive effort. The general 

approach is single elimination. If an alternative fails a test - be it for a 

perceived lack of quality, suitability in the context, etc. - it is dropped 

from consideration. 
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Rules which follows this model are called 'non-compensatory'. There is 

no redemption from a non-compensatory failure. Mis-application of this 

technique fosters bad decisions - quality choices are prematurely 

eliminated. For example, if one restricts choices based on an 

insignificant attribute, good alternatives will be eliminated. 

In the context of individual choice probabilities, these non-compensatory 

rules set choice probabilities to zero for failed altematives. 

After these strategies have been employed, and all elimination rules 

triggered, one is generally still left with close choices among desirable 

altematives. These require complex, computation-intensive strategies 

which demand balancing or trading-off incommensurable or conflicting 

properties to arrive at a choice. The more compensatory the process, the 

greater the cognitive effort and the smaller the risk of errors (Johnson 

and Payne 1985). 

^  O  ( ) ,  B i g  O  n o t a t i o n ,  c o m e s  f r o m  a l g o r i t h m  a n a l y s i s  a n d  i n d i c a t e s  o r d e r s  o f  m a g n i m d e .  
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Compensatory decision making considers methodologies for this sort of 

problem. It addresses the specification of heuristics which can be used to 

make a final selection (Bousefield and Sedgewick 1944; Howard and 

Sheth 1969; Narayana and Markin 1975; Silk and Urban 1978). The 

Shapley Value is a data source within compensatory decision making. It 

establishes a probability for each choice. The rule that is followed to 

select a particular alternative falls to another theory (e.g. Variety 

Seeking'"), 

With respect to the above hierarchy, the Shapley Value provides a 

mechanism for assessing the relative values of alternatives. It does not 

suggest either how or when preferences are constructed. However, it can 

be used to capture individual probabilities at any instant. This can be of 

significant value. 

Advertisers believe that probabilities are dynamic and are fi-equently 

recalculated. If this were not the case, new brands could not penetrate 

markets nor could existing brands be repositioned or reevaluated. Choice 

See Chapter 6. 
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probabilities would remain static. There are categories where shares 

appear relatively constant. There are others where choices seem more 

arbitrary or variable. In any event, the likelihood of choice is captured in 

individuals' probability distributions. 

Decision Theory Context - Category Tactics 

There are limitations on the data collection tactics that one can employ 

that are a function of the particular properties of the category. The 

applicability of these models is tied to the homogeneity of the choice 

altematives. As choices become more disparate, current marketing 

modalities become less effective. This becomes clear if the reader 

envisions ad hoc collections as categories rather than tight, narrowly 

conceived product-like categories. This type of diverse category arises 

from individual's feelings that they are drawn in multiple directions at 

once. These concurrent, divergent needs form a category. By the time 

that one has decided to go to the market or even to the next room, 

decisions have already been made. 
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Payne and his colleagues(Payne, Bettman et al. 1988) have suggested 

that decision processes can be classified as one of three overall types: 

holistic, alternative-based, and attribute-based. 

In holistic processing, possible choices are not deconstructed by features 

or attributes. Clearly, aesthetics fall into this category. Choice elements 

cannot be reduced to their components. Experiences or exceptionally 

complex systems also fall into this category. In fact, the details that meld 

together to form significant events are, at a level of abstraction, a 

complex system. They form an intertwined bundle of people, places, and 

things that converged at a uniquely encapsulated instant in time - that 

cannot, in all aspects, be repeated. 

In altemative processing, items are partially deconstructed into a limited 

number of constituent attributes. Politicians are frequently deconstructed 

or labeled based on party affiliation, economic stances, or other 

legislative positions. Beyond policy characterizations, there remains an 
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overall view of the candidate as a whole. Similarly, automobiles are 

classified by body type (sedan, sports car), graded by power (engine 

statistics), partitioned by cost, safety, and many other criteria. However, 

these, too, when accumulated do not completely encompass a potential 

buyer's vision of a car or the relation between the automobile and his 

self-image (Dichter 1964). This is a WADD approach with, perhaps, an 

overall rating measure as well. 

In attribute-based processing, alternatives are contrasted exclusively 

along attributive dimensions. Segments are developed based upon the 

positioning and proximity of alternatives and ideal points within these 

perceptual spaces. 

From these brief descriptions, it can be seen that the models in this 

dissertation cover Payne's taxonomy. Indirect Share, Shapley Value and 

Constant Sum are holistic in nature while WADD is attribute and, to 

some extent, altemative based. 
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The key question is do holistic measures outperform WADD? Or, 

phrased another way, why can't WADD, with more potential specificity, 

produce better estimates? 
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Chapter 3 - Technical Specifications 

This chapter provides a mathematical and economic background for the 

Shapley Value model. The work is directed to market researchers, 

psychologists, and sociologists who are not particularly oriented toward 

economics and game theory. It is assumed that the reader does not have 

ready access to referenced sources. As such, this information is self-

contained. In several instances, well known findings (i.e. the 

mathematical interpretation of utility) are included for completeness. 

Definition 

The Shapley Value was first described in Shapley's doctoral 

dissertation(Shapley 1953). The standard combinatorial representation 

(Kahan and Rapoport 1984) of the model is: 

9, = I'M'' s 

="7 S {(" - OiHvw - v(s -14)1/ E N 

Where ^ is the Shapley Value for player i 

N is a set of choices 

n = (N|; the number of choices in N 
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S is a subset of N 

s = 1S|; the number of choices in S 

V (S) is the value of the coalition S 

i is a single player in S 

One can deconstruct the above formula to achieve a better understanding 

of it. The expression, [v (S)-v (S-{i})], is the incremental contribution 

that i makes to S assuming that i is a member of S. n!" is the total 

number of coalitions that it is possible to construct from N. If 

incremental contributions can only come from the last member who 

enters the coalition, one only cares about player i when it follows all 

members already in S and precedes all members not in S. This is 

equivalent (with a slight rearrangement) to {(s-l)! (n-s)!}. It can be seen 

that the bracketed term is simply a weighting factor that assigns all 

coalitions of size s the same share of the increment to the coalition S. 

The Shapley Value is frequently displayed as SV= (0a, 

0n;AB...N). This notation emphasizes the relation between the set of 

scores (0-s) and the choices in the grand coalition. 
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The following game will be used as a simplified numeric example. It is 

called an Apex Game and comes from the same family as the Shapley 

Value model. It is a four player game with a smaller number of 

definitions in the characteristic function'-. It is, however, more 

complicated than the two player game given in Chapter 1. The intent is 

to maintain the flavor of the Shapley Value model while reducing the 

arithmetic that a reader must endure. For the actual study data, the 

calculations are done by a computer and simplicity is not an issue : 

Apex Game Characteristic Function 

V(AB) = 90, v(AC) = 70, v(AD) = 60,v(BCD) = 100, 

V(ABC)= 90, v(ABD)= 90, v(ACD)= 70,v(ABCD)= 100; 

V(S)=0 otherwise^^. 

" Read n factorial It is defined recursively as n (n-l)!, where 0!=1. 
The characteristic fiinction specifies the coalitions, players that comprise each coalition and the 

value of each coalition. 
This test data is a modified form of Game 7.7 in (Kahan and Rapoport 1984). Coalitions have been 

re-scaled to a grand coalition v (N) size of 100. The results in the citation are incorrect for D,A,CJ). It 
is estimated as (96,32,32,0). It should read (96,16,48,0). This creates a minor error in the SV. 
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Apex Game Study Game'^ 

Network diagrams for the illustrative game, the Apex Game, and the 

study game are shown above. It can be seen that the topologies of the 

two are quite similar. The Apex Game has fewer non-zero edges 

(connections between players) than the study game. The game theory 

taxonomic classes for both games are identical. They are both four 

player, super-additive, non-constant-sum'^(Horowitz 1973) games. Each 

has four players. Each is super-additive: pairs of coalitions can do at 

The circular loops with value 0 in the Study Game network diagram indicate that the single element 
coalitions have a value of zero. 
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least as well by joining together as remaining apart". Neither is constant 

sum. If they were constant-sum then all disjoint (exclusive) pairs of 

coalitions would sum to the value of the grand coalition (v (S)h-v (N-

S)=v (N),VScN). This is not the case'^ The Apex game is a fair 

computational simplification of the game used in the study. 

The following table traces the application of the Shapley Value 

definition to the Apex game coalitions. Note that only coalition entries 

that involve the particular player are used in the calculation of the 

Shapley Value for that player (i.e. BCD is not present for the calculation 

of player A, a shortcut). This is a value where calculations are done 

manually. S is the no. of players in the coalition. N is 4. 

Apex game: A games with n>4 in which only two types of coalitions have non-zero values: either a 
distinguished player called Apex, A, is included, or, all other remaining players are included. 

There is no value in remaining a niche. 
'' The whole can be worth more than the sum of the parts (i.e.synergy). 
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Table 1, Shapley Value Example (Combinations) 

^ ̂ No. Weight Sub- Value Wgtd. 
_ . Players (s-1)! (n- Coalition Difference Diff. 
coalition 3j, ^ {s-{i}) v (s)-v (s-

Coalition {i}) 

AB 2 2 B 90 180 
AC 2 2 C 70 140 
AD 2 2 D 60 120 

ABC 3 2 BC 90 180 
ABD 3 2 BD 90 180 
ACD 3 2 CD 70 140 

ABCD 4 6 BCD 0 0 
Z 940 
SV 39 .2  

Coalition 

AB 
ABC 
ABD 
BCD 

ABCD 
E 
SV 

No. 
elements 

2 
3 
3 
3 
4 

Weight 

2 
2 
2 
2 
6 

Sub-
Coalition 

A 
AC 
AD 
CD 

ACD 

Value Weighted 
Difference Difference 

90 
20 
30 

100 
30 

180 
40 
60 
200 
180 
660 

27.5  

<Pc-
Coalition 

AC 
ABC 
ACD 
BCD 

ABCD 
Z 
SV 

No-
elements 

2 
3 
3 
3 
4 

Weight 

2 
2 
2 
2 
6 

Sub-
Coalition 

A 
AB 
AD 
BD 

ABD 

Value Weighted 
Difference Difference 

70 
0 

10 
100 
10 

140 
0 

20 
200 
60 

420 
17 .5  
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Coalition 
*Pli-

No. 
elements Weight 

Svib-
Coalition 

Value Weighted 
Difference Difference 

AD 
ABD 
ACD 
BCD 

ABCD 

2 
3 
3 
3 
4 

2 
2 
2 
2 
6 

A 
AB 
AC 
BC 

ABC 

60 
0 
0 

100 
10 

120 
0 
0 

2 
sv 

200 
60 

380 
15 .8  

The tables above are self-explanatory. The columns correspond to 

various elements of the Shapley Value definition on the first page of 

Chapter Three. The banner points for give detailed computation 

information. Abridged banners appear for ^b-V'd-

Shapley gives an alternative computational formula for his model that 

sequentially builds up coalitions. This approach starts with a single 

player in a proto-coalition'*. This is expanded one player at a time until 

the grand coalition is formed. The order that players join the coalition is 

governed by chance, and is equi-probable. Thus, one evaluates all 

permutations - all players in all positions. If one treats each partial 

A proto-coalition is a didactic device that is used to show the formation of a grand coalition. It 
represents the marginal value of each player as (s)he enters. See Table 3. 



coalition formed as a total coalition, each member is credited for his 

marginal contribution, v (s)-v (s-{i}), upon entry. The Shapley Value for 

each player is his expectation (average contribution) over all 

permutations. 

The following table illustrates this approach for the example above. 

Table 2, Shapley Value Example (Permutations) 

Order of Entry A B C D 
A,B,C,D 0 90 0 10 
A,B,D,C 0 90 10 0 
A,C,B,D 0 20 70 10 
A,C,D,B 0 30 70 0 
A,D,B,C 0 30 10 60 
A,D,C,B 0 30 10 60 

B,A,C,D 90 0 0 10 
B,A,D,C 90 0 10 0 
B,C.A,D 90 0 0 10 
B,C,D,A 0 0 0 100 
B,D,A,C 90 0 10 0 
B,D,C,A 0 0 100 0 

C,A,B,D 70 20 0 10 
C,A,D,B 70 30 0 0 
C,B,A,D 90 0 0 10 
C,B,D,A 0 0 0 100 
C f 0, A/ B 70 30 0 0 
C,D,B,A 0 100 0 0 

D,A,B,C 60 30 10 0 
D,A,C,B 60 30 10 0 
D,B,A,C 90 0 10 0 
D,B,C,A 0 0 100 0 
D,C,A,B 70 30 0 0 
D,C,B,A 0 100 0 0 

z 940 660 420 380 
N 24 24 24 24 
SV (S/N) 39 .2  27 .5  

in • 

H
 

00 • 

to H
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As one would expect, the results of the permutation solution are identical 

to those using the combinatorial formula. 

Consider the sequential formation of the line for the grand coalition 

D-^A-^C-^B with proto-coalitions: 

Table 3, Detenmning the Value of a Permutation Line 

Proto-Coalition 

Value 

Marginal Value 
Change 

(D) 

0 

0 

(DA) 

60 

60 

(DAC) 

70 

10 

(DACB) 

100 

30 

Imputed Value to 
Player 

D^O A-^60 C^IO B^30 

There are computational advantages to both the combinatorial and 

permutation approach". There are fewer entries to compute using the 

combinatorial approach. For this reason, it is preferred for manual 

solutions. However, it is more complicated to automate, as the number of 

proto-coalitions containing any particular player varies within between 

coalitions (i.e. proto-coalitions containing player A need not equal those 

containing B). Further, factorials (a computational complexity) are 
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required. In favor of permutations, there are more permutations, but the 

computations are simpler (differences only) and the number of 

computations are constant for a fixed number of players. This makes it 

superior for computer solution. 

A Pascal program fragment that computes Shapley Values using the 

permutation approach is provided in Appendix B. 

Shapley Value Postulates 

An alternative procedure...is to specify the function (ed: 

Shapley Value) by certain properties one feels it must have 

(ed: postulates). These should be chosen so that all, or most, 

readers would agree that they are intuitively acceptable in a 

fimction whose purpose is an a priori evaluation of the 

game, 

(Luce and RaifFa 1957) [pp.246], (Kahan and Rapoport 

1984) [pp.157] 

" This discussion is provided as the two computational forms of the model have not been previously 
contrasted in print 
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The Shapley Value can be derived directly from the following postulates. 

The set is parsimonious, and as suggested above reasonable. 

Postulate 1: The Shapley Value, for any choice, is (exclusively) a 

function of the particular coalitions and values that define the game. All 

player values are drawn from the characteristic flmction. This function 

provides all information. There are no outside agencies (undefined 

factors) that bear on the values. 

Postulate 2: The Shapley Value of a particular choice does not depend on 

its name. Identical alternatives always receive the same value. If one 

switched the labels A and B, the values would stay the same. The 

Shapley Value should not depend on a preference for the set designator 

'A' or 'B'. This follows the outside agency caveat from Postulate 1. 

Postulate 3: The sum of the worths of the choices equals the values of 

the coalitions. There can be no excesses or deficiencies. This is 

sometimes called the group rationality condition. If a coalition were 

worth 100 units, then the sum of the individual player values must be 
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100. If the sum of individual choices were less, then (at least) one player 

has a mistaken value. All group value must accrue to the members of the 

group. 

Postulate 4: If there is a null choice, ^<=0, it adds no incremental value 

to any coalition. It may be deleted from any game without loss. It is 

assumed that any choice in the selection set has a positive contribution to 

make. If one made an error by including a disliked alternative (a non-

choice) in a selection set, if the choice created disutility, this postulate 

would hold it harmless. 

Postulate 5: If two independent problems are considered together, the 

results will be equal to the Shapley Values that would be associated with 

the separate parts. This merely allows that independent problems can be 

freely aggregated and disaggregated. If there were many brands and 

these were segmented into exclusive pieces, one could add results 

together. For example, V (ABCD)=60 and V (EFG)=40 could be 

processed separately as long as there were no possibility of a sub-
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coalition such as V (AE). Sub-problems must be orthogonal. As 

compensatory decision problems tend to be small, there is little reason to 

consider choice partitioning. 

The Shapley dissertation(Shapley 1953) proves that these postulates are 

sufficient to determine both the existence and uniqueness of the Shapley 

Value. There are two other properties to the Shapley Value. The first, 

invariance, is that the solution is independent of the units in which value 

(utility) is measured. The second, efficiency, says that the solution is 

Pareto Optimal. One cannot make any player better off without making 

another player worse off. 

Utility 

This section defines the utility that Shapley uses a part of his proof of the 

existence and uniqueness of the Shapley Value. It is included here for a 

number of reasons. First, there are any number of alternative utility 

definitions. It should be made clear which utility definitions correspond 
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to the model. They are not interchangeable. The Expected Value Utility 

Theory is a necessary element of the model. Second, the model is given 

for completeness. As it is a necessary condition for the model, the 

applicable conditions should be made clear. This will forestall some 

potential criticism about unseen referent axioms. Finally, there are some 

social scientists who reject economic utility as a guiding principle of 

behavior. For those individuals, the particular theory is made available to 

critique, to see if it this particular theory that they reject or it is utility 

theory, in general. 

What is essential for the reader is that, for Shapley's purpose, utility is a 

monotonic mathematical fimction. One does not require an interpretation 

of the particular behaviors that one associates with the utility. What has 

to be assumed is that behavior is governed by a mechanism which can 

anticipate the beneficial value of alternative outcomes. When confronted 

by two possible actions, it directs a preference for one over the other. 
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In some circles, utility theory is challenged in its particular application. 

In this application, one simply needs a monotonic preference function to 

make some optimality claims. Little more is demanded. If one wishes a 

particular, viable utility definition to impute as that associated with the 

Shapley Value, one proposed by Becker(Becker 1996) is quite 

accommodating in incorporating past experience and social interactions 

while being generic enough to associate with Expected Value theory. 

The utility theory used here is described by von Neumann and 

Morgenstem. It is Expected Utility Theory, and requires several 

assumptions(Kreps 1990). 

• Individuals, at each point in time, have coherent 

preferences over possible outcomes^. 

• They believe that these preferences will not shift with 

time or circumstances*'. 

This is the rationality condition. It is an assumption that reasonable consideration is given to any 
rating. It is subject to li^tations of bounded ration^ty(Simon 1955; Simon 1956; Simon 1959). 

These are the best preference estimates that the individual currently possesses. Responses are 
consistent and hold imtil such time as any information updating occurs. E.G. Responses are not 
random. 
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• They are intelligent enough to work out the 

consequences of their choices, so that they can find an 

optimal strategy according to the assumed preferences-. 

• Given time invariance, they carry out the optimal 

strategies as previously defined. 

This assumption set is quite benign. It follows directly fi-om 

mathematical utility. The basis for this utility scheme 

follows(Kreps 1990). 

Assumption 1: Preference is asymmetric and negatively transitive. There 

is no pair such that x > y (x is strictly preferred to y) and y > x. Further, 

given a third element z and x > y, either x > z or z > y. Either a is 

preferred to z, or z is preferred to x which implies that it is preferred to y. 

Assumption 2: (Substitution Axiom) Given p > q, or in (0,1), and r a 

probability distribution, then orp + (1-Qr)r > aq + (1-Qr)r. Scaling and 

~ This assunq>tion says that individuals plan. The 'optimal strategy' does not have to be optimal in any 
global sense. What it requires is that the assignment of ratings by an individual is as good and 
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adding equivalent bundles does not alter preference relations. Only the 

direction of preference matters. 

Assumption 3: (Archimedean Axiom) Assume p, q, r are three 

probability distributions such that p > q > r. There exist or, ^ on (0,1) 

such that orp + (1-Qr)r > q > p)S + (l-)S)r. Breaking the problem into two 

parts, one can easily find or, ^ to make the combinations more or less 

preferred than q. 

Expected Utility Theorem: A preference relation > satisfies 

Assumptions 1 through 3 if and only if there is a utility function, u, such 

that: 

p;^qi i f  u(x)p(x)> 2]u(x)q(x)  
xESiipp(p) xesiipp(<i) 

Further, if u is a preference relation then v is as well if it is a positive 

affine transform of u (i.e. au+b, a>0). 

consistent as the subject can make them. 
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These assumptions and Theorem are sufficient to define Expected 

Utility. One can also rephrase these assimiptions into orderings of 

alternatives, reductions of compound lotteries, continuity, 

substitutability, transitivity, and monotonicity(Luce and Raiffa 1957). 

These utility assumptions and theorem are offered as evidence that utility 

theory is not inherently unreasonable. One should not abandon the 

monotonic preference mechanism because there is evidence that 

transitivity is not always upheld, that human decision behavior is not 

symmetric (i.e. prospect theory), or that any other atheoretic findings 

should bring down the approach. The nature of science is to pick at the 

margins of theory. Having found imperfections, the intent is to create 

more robust explanations. 

Behavioral/Axiomatic Considerations 

As indicated above, utility theory, occasionally, does not comport with 

manifest behavior. Transitivity violations are fairly common (Tversky 

1969). If one orders preferences, one should always be able to determine 
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which one of pairs should be selected. This is not always the case. When 

preferences are not strong, erroneous (deviations from predicted) 

orderings can occur. If preferences are forced between non-comparable 

altematives, this, too, can lead to intransitivity. The question is whether 

one should abandon the approach or use it as a first order approximation 

of reality. 

The Shapley Value model differs from Expected Value Theory. The 

Shapley Value model generates a probability distribution. Its outputs are 

expected values not certainty. Certainty implies that one element in the 

vector has a value of one and the rest zero. This is not the case. However, 

if one had to select one element, it would be the one with the highest 

probability. If one needed an ordering, it would follow the descending 

probability distribution. So, even though they differ in philosophy, there 

is a link between Expected Value and Shapley Value. 

In addition to transitivity, there are issues with rationality. This is an 

issue for two reasons. First, strict rationality in decision making is 
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counter-intuitive. It is not the sole determinative force for most 

individuals. It runs counter to intuition, hunches, horoscopes, ouija 

boards, telepathy, flipping coins and divine intervention. Although these 

are not key elements, most people feel more comfortable with these 

'soft', irrational decision aids. However, as decisions become more 

critical, as there is money or health on the line, individuals tend toward 

analytically aligning the pros and cons of alternative actions. Second, the 

assumed consequence of strict rationality, utility maximization, is not the 

mechanism that individuals consciously apply in problem solving. 

In standard neo-classical economics, one optimizes behavior without 

regard to other players. Given a set of institutions - property rights, a 

monetary economy, and competitive markets - one need only consider 

his or her circumstances and the market environment. Where there is 

more than one player, and the players interact directly, outcomes are 

interdependent. Mutual optimization is a more complex matter. 

Outcomes derive from the negotiation of two players in the market 

enviroimient. 
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In the case of the Shapley Value, there is an introspection or inversion of 

the concept of a game. Players in an external world become cognitive 

choices in the mind. These images contain all known information about 

choices. They contain both specifications and historical information. The 

specifications come fi*om the external world. They consist of all 

information that is 'on file' firom all sources. The history contains past 

consideration and usage data fi-om direct exposures, be they from 

oneself, family, firiends, acquaintances, or the media. Cognitively, the 

historical record also extends into the fiiture. It includes speculation, 

conjecture and projections of the benefits that choices could provide at a 

future time. The game is one of cognitive mediation. The brain optimizes 

the preference ordering of choices based on all information: relative 

strengths and weaknesses, benefits and costs, capital and social capital, 

as well as an emotional partiality for each alternative relative to the 

others. 
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The way that the brain does this is an open question. One can assume 

that the brain is operating in the individual's best interest - whatever that 

means. For any decision at hand, the alternatives are ordered (and 

perhaps weighted). Any solution is, in some sense, an optimal solution. It 

is the best given the available time and circumstances. It may not be a 

global, objective optimal solution. However, there is no reason to believe 

that it is not as well as the individual could do. 

Critiques of rationality (Tversky and Kahneman 1986; Akerloff 1991) 

and utility maximization have been posed since the inception of Game 

Theory. Simon(Simon 1955; Simon 1956; Simon 1959) has suggested 

definitional modifications to limit rationality - bounded rationality. By 

his definition, this is behavior that is intendly rational, but limitedly 

5o(Kreps 1990). It is generally interpreted as moderating cognitive effort 

in proportion to the potential return any the task. Subjective utility 

maximization has been reinterpreted to maximizing one's reward. 



77 

Concerns have also been raised about the specification of characteristic 

functions(Kreps 1990). These include which players are grouped 

together to form coalitions as well as which coalitions have not been 

specified. Game Theory requires clear and distinct rules for any game. 

Precision of specification is necessary. There is no such thing as an 

ambiguous game. One must question where game rules come from. If 

outcomes vary with rules, then it is possible to take outcomes and 

reverse engineer or reformulate rules. 

Prior to this dissertation, the application of the Shapley Value has used 

objective accounting data or other objective sources to create game rules. 

In this cognitive application, the experiment has been organized in such 

a way that subjects create their own rules for their own particular game. 

They do this by assigning preference values to choice coalitions. Of 

course, they are not aware that they are the key architects of their own 

games. However, the point made above cannot be taken lightly. If a 

player figures out that (s)he is playing a game, then purposive responses 
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that are made to manipulate the game rather than be responsive to the 

denotative meaning of the questions are a problem. 

To forestall response problems, certain (single element) coalitions were 

defined as structural zeroes. To the extent that single item coalitions, if 

collected, would have been valid, unbiased data, the deletion of these 

cells (only) limits the degrees of freedom in the Shapley Value estimates. 

However, as the single item data questions appear to generate biases in 

the responses for multiple good bundles^, this data was not collected. 

The relevance to this section of the analysis is that as question responses 

are used to generate the characteristic function, and, as a purposive 

decision has been made to not collect a particular type of data, one could 

argue that the results have, in some sense, been engineered. 

Along this same vein, Shapley, himself, has argued that there is no need 

for any rationality assumption at all in the model. In his interpretation, 

players are intemal to the game. Extemal agents (i.e. subjects) can assign 

 ̂When single item coalitions are present, multiple good coalitions are (occasionally) computed as the 
simis of single bundles rather than as a composite (See pre-tests). 
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values to the various game components (coalitions). However, he argues 

that it is the roles of players within the game that characterize the game. 

It is not those who assign values to coalitions, external to the game, who 

are the players(Shapley 1953). This permits the concept of an abstract 

game which depends solely on abstract properties. The game, once 

defined, is a machine. There is no rationality in its execution. 

Key Literature 

The two originating papers on the Shapley Value have already been 

cited(Shapley 1953; Shapley 1953). Since the original publication of the 

model, additional economic characteristics have been discovered. These 

lead to claims about the relative magnitudes of Shapley Values, and the 

ability to weight the values of players. These findings are significant as 

the original utility bases for the model only presuppose ordinal rather 

than integer utility. 
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The Shapley Value can be considered an expected utility function(Roth 

1977)24 Yjjjg allows each Shapley Value to be viewed as a lottery. From 

this, ratios between values can be taken as risk neutral relative 

propensities. 

The Shapley Value can be weighted. Different players need not receive 

equal shares (based on a symmetric solution). Exogenous weights can be 

applied. This is introduced in the original work(Shapley 1953). It is 

considered as a probabilistic approach(Owen 1968; Owen 1972). It is 

axiomatized(Kalai and Samet 1987; Nowak and Radzik 1991). The 

concept allows the handling of players who are, themselves, 

aggregations of other players. It also permits the concept that some 

players are more important (by some criterion) than others. Weighting 

has no immediate value for this work. There is no obvious way to assign 

weights. 

There is a circumstance, down the line where weighting might be 

applicable to Shapley Value analysis. In the design of this study, all 

'•* Expected Utility fimctions were characterized in the Utility section. 
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choice elements were predetermined. Subjects had no latitude in creating 

the choice sets that they were to evaluate. Rather than choice elements 

being selected, subjects were qualified by having the particular elements 

in their personal set. In the future, one might elicit choice sets from 

subjects. If one used this procedure, one might use the order of choice 

recall and/or recall time as a measure of the strength of the memory trace 

associated with the choice(Nedungadi 1990; Hutchinson, Raman et al. 

1994). One could then use one of these as a weighting value. To the 

extent that speed or order of recall correlates with strength of memory 

trace, this could refine the sophistication of the measure. 

Finally, the proof of the uniqueness of the Shapley Value in Shapley's 

original dissertation assumed that the game is super-additive (larger 

coalitions are valued at least as high as included proto-coalitions). A 

more recent proof generalizes the result by removing the super-additivity 

constraint (Dubey 1974). 
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Summary 

The preceding chapter has presented the technical specifications for the 

Shapley Value model. With this information, the model, its computation, 

and its required assumptions should be clear. The particular utility theory 

that governs the model derivation is also presented. Finally, citations to 

proofs and generalizations are provided. 

With this information, one can consider whether the foundations of the 

model are acceptable. This is particularly important for researchers fi-om 

other disciplines who have disconnected from or were never connected 

to neoclassical economics. 

If one can accept the model as derived, then one benefits from the proofs 

that follow directly from its base economic assumptions. However, even 

if one finds the assumptions lacking, one can still consider the Shapley 

Value as an ai/ hoc model and evaluate it based on predictive validity. 
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Chapter 4 - Methodology 

Convergent Validity 

The major focus of tliis study is to assess the convergem validity of the 

Shapley Value method of estimating individual probabilities with other 

measures. The methodology of this study is patterned after Reibstein 

(Reibstein 1978). He contrasted shares using three techniques - multi-

attribute attitude^ (WADD), dollar-metric (Pessemier 1960), and 

constant sum (Metfessel 1947) - and compared these to empirically 

measured shares obtained from a six week supermarket simulation. He 

found that constant sum produced statistically superior results to the 

other two procedures. In this study, three methodologies are again 

compared. In this case, constant sum is used as the standard. Part of the 

basis for the use of constant sum as a standard is Reibstein's work. 

However, his work is not the sole basis. There is additional support in 

both marketing and economics. 

 ̂The WADD model tested is the ideal point form S{i) =  ̂ \Pijk ~ ̂ jk ] 

j 

where is the attitude score toward brand i by individual k 
Vjk is the inqrartance weight of attribute j for individual k 



84 

Numerous market research studies have used variants of constant sum as 

a standard measurement technique (Hauser and Shugan 1980; Green, 

Carroll et al. 1981; DeSarbo, Ramaswamy et al. 1995). One of the most 

used is the Method of Paired Comparison (David 1969). In this 

procedure, samples of subjects evaluate pairs of alternatives. These 

paired results are then statistically combined into overall category shares 

using the Bradley-Terry-Luce model (Bradley and Terry 1952; Luce 

1959). This is a multidimensional scaling technique that reduces a two 

dimensional (triangular) matrix of pairwise preferences to single 

dimensional shares. 

Constant simi is also a standard allocation method in experimental 

economics. Subjects allocate laboratory money (convertible to cash at 

some ratio) or chips among alternatives. The theory underlying this is 

that one gets the most realistic response from assessing "actual reactions 

to actual stimuli" (Wallis and Friedman 1942). Using the same 

reasoning, marketing research practitioners use sticker allocation to 

Bjjk is the belief about the level of attribute j contained in individual k. 
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measure relative preference for print copy and art (Marder 1997). Thus, 

in both dollar allocation as well as preference, there are continuing 

streams of work that depend upon constant sum elicitation. 

In this study, Shapley Value estimates will be tested against WADD, 

using constant sinn allocation as the standard of comparison. As the 

intent of this work extends beyond product preference, dollar-metric is 

not included as a study method. The reason is that it is not extensible into 

other, non-monetary, areas of preference, hi its place, a substitute 

method is included, (indirect) shares from ratings. This approach 

partitions overall choice preference from rating scales into shares of 

preference. This sets up a test of three methodologies against a common 

standard. The definitions for the three methods are detailed in the 

"Measures" section that follows. 

The expectation is that, independent of category, Shapley Value should 

be nearer constant sum than WADD. It is unclear where indirect share 

should fall in the ordering. One can argue that Shapley Value is 
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constructed interdependently. It should, therefore, produce results that 

are nearer constant sum, another interdependent measure, than indirect 

ratings. Three of the measures are holistic. However, measure quality is, 

ultimately, an empirical question. For the purpose of assessing the 

convergent validity of Shapley Value, it is hoped that it will be nearer the 

constant sum standard than either of the other measures. 

This leads to the question of what it means to be 'nearer' constant sum. 

Following Reibstein (Reibstein 1978), a generalized Euclidean distance 

approach will be used. This can also be interpreted as a squared error 

measure. The computational formula is: 

choices -

^cs-xfeasure = J^{CSishare) • - Measure{share),) 
i=i 

Three distance scores, Dcs-sv, Dcs-wadd, Dcs-ind. will be generated for each 

subject. These will be used to contrast the measure's distance from 

constant sum. 

A second measure, a Pearson correlation distance will also be computed 

and tested. The Pearson R can be interpreted as the directional cosine 
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(Green and Carroll 1976; Johnson and Wichem 1992) between two 

vectors. Larger correlations are more proximate. This will be further 

described in Chapter 4, Data Analysis. 

Measures 

WADD Model (See Appendix 2: Screen Images 6-15,27-35): 

attributes 

2 s.', 
S. 
' choices attributes 

1=1 7=1 

where Si is the share based on attitudes for choice i 

Bjj is the belief about the level of attribute j for choice 

i 

Ij is the importance of the attribute j 

Belief is measured on a 7 point scale from "Meets Your Highest 

Expectations" to 'Totally Deficient" for the particular attribute. 

Importance is measured on a 7 point scale from "Very Important" to 

"Not At All Important". 
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Shaolev Value Model (See Appendix 2: Screen Images 17-18, 22-24): 

Where ^ is the Shapley Value for player i 

N is a set of choices 

n = |N|; the number of choices in N 

S is a subset of N 

s = |S|; the number of choices in S 

V (S) is the value of the coalition S 

i is a single player in S 

The characteristic function consists of all pairs, and triples of 

altematives. Single choice bundles are excluded from the model. They 

are set to zero-*. The grand coalition is set to 100. 

See the pretest and implementation sections for a discussion of this decision. It is based on a 
pragmatic consideration (where single bundles were present, subjects arithmetically constructed 
multiple bundles) and a theoretical finding (the variances of the single bundle ratings were significantly 
greater than for the multiple bundles indicating a different cognitive process). 

=  " 7  S  K "  - -  v ( S  -  { / } ) ] , /  e  N 
Sc-v 
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Indirect Share Model (See Appendix 2: Screen Images 19, 25): 

i choices 

^Rat. 
>=i 

Rati is an overall rating for alternative i on a 100 point scale. Shares are 

self-calibrating. The measure adjusts for either low or high raters. 

The measure follows the wording of the Shapley Value question battery. 

This sets up the ability to explore the pre-test finding that single good 

bundles are problematic for Shapley Value questioning. Part of the 

explanation is related to cognitive conservation (Shugan 1980). Subject 

apply a heuristic to minimize their effort. However, there may be other 

considerations. 

Constant Sum Model (See Appendix 2: Screen Images 20, 36): 

Shares follow immediately firom the questioning technique. 
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Pre-testing - Category Search 

Pre-testing was conducted in two areas. The first was the selection of 

categories. The second was the method of administration of the Shapley 

Value battery itself. 

Subjects were upper division business students enrolled in an 

introductory marketing course at the University of Arizona. Testing 

occurred during the summer of 1997. Subjects were obliged to 

participate in research studies to fulfill a course requirement. Pre-tests 

for this work satisfied that need. Subjects for the main laboratory 

experiment would be drawn fi*om a similar population. 

Categories were evaluated on two criteria. First, subjects should be able 

to analyze the category on an attribute basis. Further, they should have a 

reasonably consistent view of which attributes were important. These 

objectives assured categories that would be amenable to the WADD 

approach and that could be easily administered using a common set of 

attributes. Second, potential categories should include both products as 
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well as amalgams, those that do not map to purchase. This would be a 

move away from only testing in 'ordinary' conceptual categories. As the 

intent is to create a measure that is applicable where other techniques are 

not, this is essential. However, once again, for comparison purposes, 

WADD must be applicable. In some regards, this handicaps the Shapley 

Value measure. It eliminates categories which are ratable but not easily 

comparable. These include experiential items that are holistic, that 

cannot be decomposed by attribute. 

For example, life experiences can be valued but not decomposed. One 

can rate "great occasions": marriage, birth of a child, first day of camp, 

etc.. Most people do this. They can display their pleasure and fond 

memories with ratings. 

Results of the category search (see Appendix E for one variant of the 

survey instrument) revealed a number of categories that have been 

frequently tested by university students. These included sneakers, fast 

food, toothpaste, potato chips, shampoos, soft drinks. Other suggestions 
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from students included sports T-shirts, watches, make-up foundation, 

automobile tires. Las Vegas casinos, computer microprocessors, soaps, 

cereal, deodorants, television brands, jeans, hard candy, hairspray, ice 

cream, car stereos, imported beer, and golf clubs. 

Fast food restaurants was selected from among the above altematives. 

This was a subjective judgment. The category displayed a great deal of 

homogeneity in attribute response across altematives. Further, the 

University of Arizona Business School was proximate to all choices. 

Thus, all subjects had easy access to all altematives. 

It was difficult to isolate non-purchase categories which had both wide 

exposure to the student population and common, consistent attributes 

for WADD. In discussions in the graduate office, television shows were 

identified as a potential source of categories. Others included movies, 

CDs, and other entertainment vehicles. However, it was believed that 

none of the others would either have as great a reach, or share common 

attribute perceptions as mass market television. 
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Within this category, Seinfeld was a promising option. It was popular 

among this university age group and had recently completed its run. It 

had broad reach. It possessed four obvious 'product' altematives, the 

principal actors. 

A series of ad hoc surveys had been ongoing (See Appendix E) to 

identify potential categories for the main experiment. An important part 

of the questioning was to identify suitable attribute sets for the WADD 

methodology. If coherent attributes were not available, a category could 

not be used. In the case of Seinfeld, such a set was located. With 

attributes available, Seinfeld was adopted as the non-purchase category. 

All potential attributes sets were screened from pre-test open end 

responses drawn from Questions 2, 8, 11 of the Product/Personality 

Questionnaire (Appendix 3). (I.e., "List all of the elements you consider 

when deciding to buy/choose "What acting characteristics do 

you consider important for an actor/actress in ".) 
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The fast food restaurant attributes were easily identified (i.e., location, 

menu diversity, nutrition, relative price, and taste). The Seinfeld 

attributes were less so" (i.e., character skills, comedic skills, ensemble 

skills, attractiveness, and intangibles). Intangibles was a catch-all, 

interpretable by each subject without experimenter definition (See 

Appendix 2, Screen Image 26). 

Pre-testing - Category Search 

All Shapley Value pre-testing was conducted with pencil and paper (See 

Appendix F for a sample questionnaire). In a series of preliminary 

experiments, subjects were asked to provide preferences for 

combinations (bundles) of goods. Early versions of the questionnaire 

asked subjects to score all combinations of four alternatives. These 

included single (4), double (6), and triple (4) bundles. The four good 

bundle was anchored to a score of 100. Combinations were presented in 

increasing size order. The result was that a significant number (approx. 
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20%) of subjects created pairs and triple scores by aggregating single 

good scores. For example, given A=20 and B=30, subjects scored 

AB=50. One should expect AB between 30 and 50. A score of 30 should 

indicate that A contributes nothing unique beyond B. A score of 50 

should indicate that the elements contribute totally different features. 

The 'adding' heuristic presented a problem. Economic theory suggests 

that the marginal contribution of a good should decrease the later that it 

is added to a bundle. This occurs because some features or attributes are 

shared across choices, and, presumably, there are fewer unique aspects 

that are contributed by a later entry. The 'adding' heuristic subverts this. 

In order to maintain all possible combinations, a scrambled version of all 

bundles was tested. This lessened the heuristic problem. However, it 

raised the number of inconsistent responses (those where smaller bundles 

were more preferred than larger, encompassing bundles). 

The premise of the Seinfeld questions was the value added (or potential) that each actor would bring 
to a new role given the same cast. 
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The result of this testing was to remove the single element bundles and 

revert to administration in increasing bundle size. This variation offered 

several compensations for the loss of the single good data. First, the 

structure of the Shapley Value over-weights single good bundles. This 

follows from the logic of diminishing marginal contribution (going from 

a zero bundle to a one good bundle is the largest marginal contribution 

from the good). Second, single bundles have no competitive context. 

Finally, it became clear that a segment of subjects were going to use the 

single element values as a heuristic to generate all other choices. Thus, 

the pragmatic decision was made to exclude them. If one considers the 

Shapley Value as an average estimator, removing an element does no 

harm. The practical consequence is that v (^)-^v (x) (a single element 

coalition) is estimated from v (^)->v (xy) (the two element coalitions). 

This results in the following coalitions being included in the 

characteristic flmction for the study's Shapley Value game (where a, b, c, 

d are choices): 
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v(ab) , v(ac)/ v(ad) , v(bc) , v(bd) , 

v(cd) , v(abc) , v(abd) , v(acd) , v(bcd) 

are assigned scores by subjects. 

V(abed) =100 . V(a) =v (b) =v (c) =v (d) =0 

At this point in the design of the experiment, the following parameters 

are settled. There are two potential categories: Fast Food (a standard 

purchase category-) and Seinfeld (a more abstract preference category). 

There is a game definition with a characteristic function. 

Survey Design and Implementation Considerations 

Contrasting measures lead to a within subject design. This maximizes 

experimental power by eliminating between group differences while, at 

the same time, maximizing sensitivity. Each subject participates in all 

treatments(Keppel 1991). Problems with this technique result from 

practice or learning effects as similar measures are repeated. These are 

generally handled by counterbalancing presentation order. As long as 

there are no differential carryover effects, where an earlier 



98 

administration of one treatment has a different effect than that of another 

treatment, the methodology is appropriate. The idea is to administer all 

four methods of elicitation to a subject and compare them. 

As has been described there are complications with this design. One 

needs to randomize the order of the four methods. For this study, there 

are also additional sequencing considerations. The indirect share 

measure must be administered after the Shapley Value measure. This is 

required to prevent subjects from employing the 'adding' heuristic 

previously described. Finally, the constant sum standard should be 

administered last. This assures that if there are any order effects, the 

standard measure is equally impacted for all presentation orders. 

Within each method, one should, optimally, rotate the presentation of the 

choices and bundles, and for the WADD method, (additionally) rotate 

the display of attributes. Simultaneously handling all of these variables 

leads to a design which is almost impossible to administer with paper 

and pencil. 
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If one is going to use computer aided interviewing, there are pragmatic 

issues. These concern economic, technical and administrative control. 

Economics is an issue as subjects must be compensated for participating 

at the laboratory facility^®. Technical control of randomizations is an 

issue because most compiler vendors provide poor pseudo-random 

number generators. This affects the quality of randomizations. 

Administration is an issue because the computer has to be managed so 

that it is an asset rather than an impediment to subjects. 

Random number generators from compiler vendors have historically 

been a problem. Random numbers produced vary in quality. They can 

display short periods before they repeat the same sequences. Some do 

not produce a uniform distribution of deviates. Either of these is a severe 

problem when balancing a design is critical. 

^^The computer lab rules mandated payment of a SS.OO fee to all study participants. This was to 
guarantee continuity between all studies nm in the lab. 
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In this study, randomization is controlled using two mechanisms. The 

first is to bypass the built-in random number generator and use one that 

has a long period and reliable statistical properties (Park and Miller 

1980; Knuth 1981; Press, Teukolsky et al. 1988). The second is to use a 

unique, reproducible seed for each subject. This is done by having each 

subject enter his/her student ID numbers to prime the generator. These 

numbers are unique (by definition) and can be re-entered if it is desired 

to rerun or simulated a subject. 

The pseudo-random generator used produces statistically independent 

sequences (even) for consecutive seeds. There is no concern for making 

any assumptions about either the distribution of the seeds or whether 

they are even or odd. Some generators have pathological behavior with 

even seeds. 

Administrative control is also essential. There are economic trade-offs. 

One wants to obtain as much information as possible from each subject. 

Limiting interviews minimizes the administrative cost per interview 
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(setting up the terminals, signing in subjects, seating them, running the 

experiment, signing them out, and paying). One also wants highly trained 

supervision to guide subjects through the interview. Having fewer 

subjects allows more supervisor time per subject. 

It was determined that these needs could best be met by administering 

two categories per subject. It halves the administrative overhead and 

maximizes the return to data per subject relative to a single category 

plan. However, it presents an additional level of complexity to the 

questionnaire generation. To quantify the extent of randomizations, there 

are 2 (category orders) * 2~ (WADD/SV technique orderings/category) * 

24" ( 4! alternative orderings/category) * 120" (5! WADD attribute 

orderings/category) or approximately sixty six million possible 

questionnaires. However, it also presents a potential bias problem. 

When subjects process their second category, they have previously seen 

the category question structure. There may be a learning effect. They 

may be more strategic in their responses. There is a possible fatigue 
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effect. They may have tired or become bored. In either case, second 

category responses may be biased. To lessen the risk (if it is present), a 

filler/distracter task is inserted between the two category batteries. This 

gives short term memory a chance to clear. Further, as the comparisons 

that are critical are within block, the design should not compromised as 

long as any artifacts equally impact all measures within a block. Overall 

comparisons should be valid as long as blocks are rotated. 

The filler task is an 18 question battery, the 'Need for Cognition' (NFC) 

scale (short form) (Cacioppo and Petty 1982; Cacioppo and Petty 1984; 

Bearden and Netemeyer 1993) (See Appendix C). Beyond acting as a 

distracter, the NFC battery facilitates testing the proposition that the 

closeness of Shapley Value responses to constant sum is tied to a 

preference for a particular style of processing. This addresses a 

hypothetical game theory critique that there are classes of players who 

perform better than others. 
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An additional control in this study are the choices and attributes. There is 

always the possibility that changing the number of alternatives might 

affect transitivity of preferences, or, if subjects were to chose their most 

favorite altematives, there might be something pathological about this^. 

To eliminate this, each category is limited to four altematives. In the case 

of Seinfeld, the choices are obvious, the four principal actors (Jerry 

Seinfeld, Julia Louis Dreyfus, Michael Richards, Jason Alexander). In 

the case of fast food restaurants, choices were limited to the largest 

chains in Tucson by number of outlets (McDonalds, Burger King, Jack 

in the Box, Carl's Junior). 

Interviewing Environment 

The main study was executed in the Economic Science Laboratory (ESL) 

of the University of Arizona. This facility is equipped with forty 

networked interviewing stations. Each station is in a separate kiosk with 

separating walls. Each has a high speed computer with 21" high 

resolution monitor and fiill keyboard. Each has local storage for program 

 ̂There might be a non-conqiarable element introduced (e.g. a new product with no equivalent at 
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code storage and a network connection to consolidate data output. The 

speed of the system is such that there is no degradation apparent to the 

user as data is transferred to the network device. The environment as 

well as the unique screens generated for each subject assure that each 

subject's works is his/her own. Together, the laboratory setup as well as 

active monitoring by a supervisor make this design preferable to a self-

administered one. The setup also allows accurate elapsed timing of each 

interview without concern for network data delays. Finally, subject data 

is secure. Data is stored in unique, individual files that are constructed in 

real time during the interview. 

As the computer environment is sophisticated, an ESL staff member was 

contracted to supervise the mechanics of the interviewing sessions. This 

assured expertise in subject flow and information transfer between the 

network and the local stations. It also guaranteed that a second marketing 

department supervisor could concentrate on administrative details and 

answering study specific questions. 

competitors). 
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Thus, for the field period of two days, two sessions per day (in one hour 

blocks), (October 7-8 1998), study administration was, at all times, 

controlled by two supervisors, one from ESL and a second with study 

expertise. 

Sampling 

The sample frame for the main study matched that used for the pretests. 

It consisted of upper division business school undergraduates who were 

enrolled in an introductory marketing course. Students self-selected into 

the study through a sign up sheet. Each was offered five dollars and 

course credit for participation. 

The sign up sheet indicated that they has to be qualified to participate. 

They were required to have familiarity with local fast food restaurants 

and to have knowledge of the cast members of the television series 

Seinfeld. There was no objective criterion set. Qualification was self-

designated. 
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Table 4, Sample Disposition 

Agreed to Participate 120 

Reported for Experiment (at ESL^°) 105 100% 

Subjects Dropped 

No Seinfeld familiarity 

Duplicate subject 

Patterned/Random Responses 9 

2 

Final Sample 93 89% 

A preliminary inspection of the data revealed that 11 subjects gave 

patterned responses to at least one of the Shapley Value question 

batteries. These included filling all fields with zeros, filling fields with a 

constant value, or entering repeating sequences. A common feature 

among these subjects was a short elapsed time for completing the study. 

Rather than subjectively selecting questionnaires for deletion, all 

subjects who spent less than twelve minutes were removed. This 

eliminated 9 of the 11 questionable subjects. Two were retained. 

 ̂All students who reported to the lab were paid. 
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Questionnaire Design 

A sample questionnaire is displayed in Appendix D. It consists of gray 

scale screen images. During the actual interviews, screens were in color 

and, where applicable, screen attributes (high intensity and blinking 

fields) were used for effect. Note that a unique file name has been 

constructed by the CATI program for each subject. This file name is 

displayed in the upper left hand comer of all screens starting at Screen 

Image 3. This name consists of the first and last name initials of the 

subject, the last four digits of the student ID and a sequential letter. The 

letter is assigned to prevent duplicate file names. For the sample screens, 

the letter B file name assignment indicates that the file name 

JJ6789A.JM8 has already been assigned to a subject. The CATI system 

can accommodate up to 26 subjects with both the same initials and 

trailing four digits of student ID. 

The following is a description of this particular sample questionnaire. 

Please keep in mind that the screen images that are reproduced are in 

black and white. In the ESL environment, each subject viewed a 21" 
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high resolution color monitor. Each screen displayed different field 

components in a different color. This is hinted at in the gray scale level 

of the images. Further, where particular emphasis was required, 

informational elements blinked. This was not possible to replicate in the 

Screen Images presented in the Appendix.. 

Screen Images 1-5 are common instructions for all questionnaire 

versions. The program gathers a brief series of demographics^', describes 

the procedure for moving from one screen to another, addresses subject 

compensation (a performance teaser), and requests that the subject note 

his/her file ID. This noted ID allows field supervisors to help subjects 

restart the interview if required. A restart generates a filename with a 

new letter suffix). Incomplete interviews are deleted at the end of the 

current session. Two restarts were required. 

Screen Images 6-11,12-15 are a sample question block for Fast Food 

Restaurants, WADD. There were two randomizations required to 

generate this series. First, Fast Food was selected as the category. 
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Second, an ordering which designated WADD as the first measure was 

selected. Screen Images 6-11 prompt for attribute importances- The order 

of these questions is controlled by random number generation. The next 

series of questions. Screen Images 12-15 collect rating of the four 

choices on the five attributes. Both the order of the alternatives as well as 

the order of the attributes is randomized. Note that once selected, the 

order of the attributes remains constant over all choices. 

Screen Images 17-18 are the Shapley Value block for Fast Food 

Restaurants. The order of the alternatives is maintained fi-om the WADD 

block. There are two admonitions to score larger blocks higher than 

smaller included blocks. However, there is no preclusion to prevent 

disutilities. Also note that data fields can be entered in any order, and 

may be edited at will. Responses are not locked until the asterisk key is 

pressed to end the screen. Screens may not be completed until there is a 

legal response in all fields. 

Sex of subject. Frequency of Fast Food Visits in past week. Frequency of Seinfeld viewing of last 4. 
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Screen Image 19 is the indirect share question. It is identical in form to 

the Shapley Value block with the exception that only single element 

bundles are displayed. The order of the alternatives, once again, matches 

the two previous question forms. It can be seen that this question must 

follow the Shapley Value question to prevent the 'adding' phenomenon 

previously described. Without going too far into the results, scores on 

this screen indicate that subjects treat the two screens as separate 

questions. 

Screen Image 20 is the constant sum question. Once again, the order of 

the choices is consistent with previous questions. There is a running 

counter on the bottom of the screen that keeps a running total of points 

allocated, and points yet to be assigned. As is the style of the system, 

scores can be edited until the asterisk key is pressed (assuming that a 

value has been entered into each field and the sum totals 100). 

Screen Image 21 is a sample Need for Cognition screen. It is one of an 

18 screen block. The questions for each screen are arrayed in Appendix 
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1. Questions always appear in the same order. The question response is 

slightly different than other screen types to minimize boredom. As the 

arrow keys are pressed, the highlighted response changes. Note two 

design elements. First, responses must be entered twice to be accepted. 

This minimizes errors. Second, the program automatically reverses 

responses where required. 

Screen Images 22-24 are a Shapley Value block for the second category, 

Seinfeld. The question ordering is different for this category. This 

ordering is Shapley Value followed by WADD. This was the result of a 

random number selection. Note that textual emphasis is placed on the 

premise, which is a recasting of the same actors in a new vehicle. A 

random number generator orders the choices. 

Screen Image 25 is the indirect share block. It always immediately 

follows the Shapley Value block. 

Screen Images 27-35 are the WADD block. 
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Screen Image 36 is the constant sum. 

Screen Image 37 is a screen explaining the purpose of the study for the 

subjects. 

As the reader can see, it is a complex study to administer on a computer. 

It would be impossible using paper and pencil. 

Post-processing 

As indicated above, a number of subjects were removed from the data 

set. A relatively objective criterion was sought for determining which 

cases should be removed. It was determined that those who spent less 

than 12 minutes in completing the study would be eliminated. It can be 

seen from the following charts (pre/post deletion), which shows 

cumulative time spent in completing the study, that eliminating these 

subjects linearizes the time spent at the short end of the distribution. The 



linearity assumption appears consistent with the data and is the simplest 

model that one might apply for modeling differences in cognitive skills. 

The deleted subjects were not willing to give the study the attention that 

was required. 

Table 5, Distribution of Elapsed Time/Interview — Before Deletion 

Experfment Tfme (Total Sample) 

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 

Time (Minutes) 
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Table 6, Distribution of Elapsed Time/Interview - After Deletion 

Experiment Time (>12 Minirts Sample) 

Removing the outliers eliminated most of the Shapley Value data 

anomalies from the sample (two questionable cases were retained)^^. 

In addition to removing outliers, derived data fields were created in 

anticipation of statistical analysis. A Need for Cognition score was 

computed from the 18 individual measures. Elapsed Time was converted 

from minutes and seconds to decimal minutes. The number of Shapley 

Value disutilities/errors were computed. Distance measures (as described 
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earlier in the chapter), and terciles were prepared. The terciles were 

created to permit contrasting high/low segments for the following 

variables: 

Distance from Constant Sum (SV, WADD, IS) for (FF and SFLD) 

Fast Food Dining Frequency 

Seinfeld Viewing Frequency 

Elapsed Time for Interview 

Need for Cognition Score 

Lastly, order of presentation variables were prepared to assess 

randomizations: 

Order of presentation - categories (FF, SFLD) 

Order of presentation of method (WADD, SV, IS, CS) within 

category 

Anomalies were defined as v (ABC)<v (AB) for all A3,C. This definition assures that supersets are 
at least as great as included subsets. Now, it is theoretically possible that an element, C, adds disutility 
when combined with the proto-coalition AB. However, for analytical sinq>Iicity, this is discounted. 
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Chapter 5 - Data Analysis 

The data analysis for this work is divided into three sections. The first 

section concerns questionnaire rotations and randomizations. An 

examination of these can permit one to discount alternative explanations 

predicated on question order effects or other field artifacts. The second 

section evaluates the test models versus the constant sum standard. The 

third section evaluates the behavior of the measure with respect to usage 

and cognition variables. These impact the usefulness of the procedure to the 

extent there either is or is not homogeneous response to the question battery. 

The more consistent and homogeneous the response, the more generally 

applicable the measure. 

Rotation and Randomization Results (Manipulation Checks) 

The following tables show the order of presentation of the two categories 

and, within these, the order of administration of the WADD^^ and SV" 

WADD - Weighted Additive Model - Conq)arison model for Shapley Value - Sum of products of 
am^mes jehoica amibum 

attribute importance by presence of attribute in alternative, .y,. =  ̂ i 
>=i / /=i >=i 

" SV - Shapley Value - Game Theory model to be tested. 



question batteries. The reader should recall from Chapter 3 that the indirect 

share " and constant sum^ question orders are pre-established. The indirect 

share question always follows the WADD battery. The constant sum 

question is always last. 

Table 7, Fast Food Presentation Order Statistics 

TEST 
WADD 

I" 
SV 
1" 

TOTAL 

FF Category 
1" 19 28 47 

FF Category 
2"* 23 23 46 

Total 42 51 93 

Table 8, Seinfeld Presentation Order Statistics 

TEST 
TOTAL 

1 
WADD 

1" 
SV 
1" 

TOTAL 
1 

SFLD Category 
1" 15 31 46 

SFLD Category jod 29 18 47 
Total 44 49 93 

<Pi = X1^" |[v(5) - v(5 - (/})1 / e N 

= "7 2 ~ ~ ~ ~ {'})1 ̂  ̂̂  

/

choices 

Rat J 
y=i 

CS - Constant Sum - Shares follow directly from question - Allocate 100 points between choice 
alternatives 
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It is clear from the above tables that the ordering of the two categories could 

not be more balanced and that the overall ordering of the two test blocks 

(SV and WADD) is within four (42 with an expected value of 46) of 

perfectly balanced for FF and within two (44 with an expected value of 46) 

for SFLD. This is control (through a randomization process) that is 

comparable to the precision that one would expect using a paper and pencil 

rotation scheme. 

The internal distributions of test order with category position are not as well 

balanced as the overall marginal distributions. One should not expect this. 

As one allocates by random sampling within multiple dimensions, the 

probability of uniform assignment diminishes. Remember, all designations 

of questionnaire elements are determined internally and independently for 

each subject by the interviewing system. There is no fixed number of 

subjects for the study. There is no fixed pattern of orderings to assign. Even 

if there were, given approximately ten percent of cases deleted for technical 

reasons, there is no assurance of cell balance. If one examines the cell 

frequency outliers, the two smallest cells have, respectively, 15 and 19 
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cases, and the two largest cells, 29 and 31 cases, against an expectation of 

23 cases per cell. This is certainly well within acceptable sample allocation 

bounds". 

The following table displays the presentation order of alternatives 

(restaurants or actors) administered for each measure for each category. All 

measures use the same order of administration within subject. Choices 

across categories were paired. A specific fast food chain always paralleled a 

particular Seinfeld actor. For example. Burger King or Julia Louis-Dreyfus 

were always shown in second position 21 times. As long as the categories 

are independent, there is no bias in this procedure. It can be seen that the 

ordering of choices by position is quite well balanced. If there were a bias 

toward over-rating the first alternative, or an ordering of alternatives, this is 

equalized over the sample. 

For a 25% expected cell size, n=93, in a random sample, the 2o confidence interval is ±9%. This is 
equivalent to counts of 23±8 or (15,31). 



120 

Table 9, Order of Choice Alternatives 

POSITION MC DONALDS/ 
J.SEINFELD 

BURGER KING/ 
J. LOUIS-
DREYFUS 

JACK IN THE 
BOX/ 

M. RICHARDS 

CARLS'JR7 
J. 

ALEXANDER 
l" 24 19 26 24 
2«i 25 21 20 27 
3"' 18 29 24 22 
4'" 26 24 23 20 

Total 93 93 93 93 

The final two tables apply to the WADD battery. In this battery, in addition 

to the rotation of alternatives, attributes are also reordered. For fast food 

restaurants, all five attributes could occur in each position. For Seinfeld, the 

'Intangible' category always appeared in the last position. For this reason, 

the attributes could not be paired but had to be randomized separately. As 

can be seen from the tables, the allocations are reasonably uniform. For Fast 

Food, the expected number of cases in each cell is 19. For Seinfeld, the 

expected number of cases is 23. 

Table 10, Fast Food Attributes By Position 

Position Location Menu 
Diversity 

Nutritional 
Value 

Relative Price Taste j 

1 17 25 19 15 17 
2 22 16 17 22 16 
3 13 23 20 17 20 
4 14 16 20 20 23 
5 27 13 17 19 17 

Total 93 93 93 93 93 
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Table 11, Seinfeld Attributes By Position 

Position Character Comedic Sidlls Ensemble Attractive Intangibles 
Skills Sidlls ness 

1 21 26 15 31 0 
2 32 21 20 20 0 
3 20 24 31 18 0 
4 20 22 27 24 0 
5 0 0 0 0 93 

Total 93 93 93 93 93 

It should be clear from the above tables that if there were any artifact or bias 

in any level of question presentation order, be it category, alternative, or 

attribute, it has been equalized through rotation and randomization. Given 

this demonstration, one can be confident that results do not obtain from field 

anomalies. They should be regarded as unbiased findings. 

Main Analysis 

Recall that the premise of this research is to legitimize the Shapley Value 

measure and to demonstrate its incremental value over WADD. The central 

idea is to establish convergent validity with other accepted measures. The 

strategy is to demonstrate that Shapley Value (by objective criteria) is as 

close or closer to constant sum than WADD or indirect share. The degree of 

closeness has been described as a generalized Euclidean distance or error 
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metric^*. It is computed by accumulating the squared differences across 

choices (from shares) for SV-CS, WADD-CS, and IS-CS and contrasting 

these. A second test is also evaluated. This is a Pearson correlation within 

subjects between measures^'. Geometrically, Pearson correlations are 

directional cosines (Green and Carroll 1976; Johnson and Wichem 1992). 

As such, they can be interpreted as generalized statistical distances. For 

these, the highest correlations indicate the closest measures. 

The statistical test used to evaluate proximity of distance is the Wilcoxon 

Matched-Pairs Signed-Rank Test" (Wilcoxon 1945; Wilcoxon 1949; Siegel 

1956). This is a non-parametric test. It is designed for paired measure 

designs. It does not require normality assumptions. Within the class of non-

parametric tests, it is powerful. In evaluation of measures appropriate for 

this analysis, it is more powerful than a sign test. Where the sign test only 

uses information about the direction of the difference for a pair of measures, 

choices * 

See Chapter 3 - = ^{CS{share)i - Measureishare)j) 
1=1 

The correlation is calailated for each subject For example, the correlation of SV and constant sum for 
Fast Food for a subject would have four paired elements: (McDsv- McDcs, BKsv-BKcs, Jacksv- Jackcs, 
carlsv" 

All statistics reported were computed on a Pentium II computer running SPSS for Windows 8.0 
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Wilcoxon considers the magnitude as well as the direction of the 

differences. It gives more weight to a pair which shows a large difference 

between the measures than to a pair which show a small difference. 

The statistic is generated by ranking the absolute values of differences 

between all pairs of measures. These ranks are separately summed for 

positive and negative differences. The difference between the sums of ranks, 

T, is the test statistic. The rationale of the statistic is that if the measures are 

equally effective, there should be an approximately equal number of large 

differences favoring each measure. 

The test has several desirable features. First, as the direction of the 

difference is predicted, the test is one tailed (which is what is desired in this 

case, (e.g. Euclid (SV-CS) < Euclid (WADD-CS)). Second, where the 

requirements for the (parametric) t-test are met, the asymptotic efficiency of 

Wilcoxon as compared with the t-test is 3/;r or 95.5% (Mood 1954). Thus, 

little efficiency is lost for eliminating the normality (and equal variance) 



124 

assumptions. For large samples, Wilcoxon can be estimated with a normal 

distribution as: 

N ( N  +  l )  Mean = Uj. = — 
4 

dation = crj- = J-Standard Deviation — ' 

r 

24 
N ( N  +  l )  

a-j.  ^JV(/^ + l)(2N + l) 
24 

where T is the difference between positive and negative ranks 

This is advantageous because the Z statistic is familiar to most users. 

Performing this test on the Fast Food data yields: 

Table 12, Wilcoxon Test - Fast Food 
N Mean Rank Sum of Ranks 

SV-CS<WADD-CS 65 49.58 3223.00 
SV-CS>WADI>-CS 28 41.00 1148.00 

Fast Food 
SV-CS/WADD-CS SV-CS = WADD-CS 0 

Total 93 

SV-CS < IS-CS 80 50.04 4003.50 
SV-CS > IS-CS 12 22.88 274.50 

Fast Food 
SV-CS/IS-CS SV-CS = IS-CS 1 

Total 93 
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Test Statistics - Wilcoxon - Fast Food 
Fast Food 

SV-CSAVADD-CS 
Fast Food 

SV-CS/IS-CS 
z -3.975 (a) -7.260 (a) 

Asymp. Sig. (2-taiIed) .000 .000 
a Based on positive ranks. j 

The table shows the sums of ranks as described. It also shows the mean 

rank. It is clear that the distance between the Shapley Value estimates and 

the constant sum standard are closer than the distance from WADD to 

constant sum or indirect share to constant siun. This superiority is 

overwhelming within the confines of statistical certainty. In a field where 

3(7* differences are quite rare, these results are staggering. The paired 

methodology, using each subject as his or her own control, combined with a 

high sample size (for this type of analysis) allows these results. 

One might argue that there is some question about the quality of the 

distance measure that is used. The variances about the individual share 

estimates are not equal; they are heteroskedastic. Geometrically, when 

shares are low (near 0%) or high (near 100%) the axes in the 4-choice-space 

should be compressed. Similarly, where shares are intermediate, with a 

maximum variance at 50%, the axes should be expanded. Given this 
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potential heteroskedasticity issue, one could argue that while the distance 

measure is monotonically correct, the distances can be misstated. With this 

in mind, an additional test, the sign test, was performed. This non-

parametric test uses only the direction of the differences between the 

measures. It does not use the magnitude of the differences. Thus, it reduces 

the data from interval scale to ordinal. This generates a less powerful test. 

Table 13, Sign Test - Fast Food 
N 

Fast Food 
SV-CS/WADD-CS 

SV-CS<WADD-CS 65 

Fast Food 
SV-CS/WADD-CS 

SV-CS > WADD-CS 28 Fast Food 
SV-CS/WADD-CS SV-CS = WADD-CS 0 

Fast Food 
SV-CS/WADD-CS 

Total 93 

Fast Food 
sv-cs/is-cs 

SV-CS < IS-CS 80 
Fast Food 

sv-cs/is-cs 
SV-CS > IS-CS 12 Fast Food 

sv-cs/is-cs SV-CS = IS-CS 1 
Fast Food 

sv-cs/is-cs 
Total 93 

Test Statistics - Sign Test - Fast Food 
Fast Food 

SV-CSAVADD-CS 
Fast Food 

SV-CS/IS-CS 
Z -3.733 -6.985 

Asymp. Sig. (Z-taOed) .000 .000 

The results, as might be expected, are almost identical to the Wilcoxon 

results. Within the limits of statistical certainty, the Shapley Value distance 

to constant sum is (directionally) less than either WADD or indirect share. 



Repeating the procedure for the Seinfeld data yields the following results 

for the Wilcoxon test: 

Table 14, Wilcoxon Test - Seinfeld 
N Mean Rank Sum of Ranks 

Seinfeld 
SV-CS-WADD-CS 

SV-CS<WADI>-CS 58 47.25 2740.50 

Seinfeld 
SV-CS-WADD-CS 

SV-CS >WADD-CS 33 43.80 1445.50 
Seinfeld 

SV-CS-WADD-CS SV-CS = WADD-CS 2 
Seinfeld 

SV-CS-WADD-CS 

Total 93 

Seinfeld 
SV-CS - IS-CS 

SV-CS < IS-CS 70 50.75 3552.50 

Seinfeld 
SV-CS - IS-CS 

SV-CS > IS-CS 22 32.98 725.50 
Seinfeld 

SV-CS - IS-CS SV-CS = IS-CS 1 
Seinfeld 

SV-CS - IS-CS 

Total 93 

Test Statistics - Wilcoxon - Seinfeld 
Seinfeld 
SV-CS-

WADD-CS 

Seinfeld 
SV-CS-

IS-CS 
Z -2.563 (a) -5.504 (a) 

Asymp. Sig. (2-tailed) .010 .000 
a Based on positive ranks. | 

The results for the Seinfeld data are quite compelling although not as strong 

as the Fast Food data. The tests are 'only' significant at the 1% level. In 

assessing the quality of the finding, one must keep in mind that this is a one 

tailed test. While a 2.5cr standard deviation pales next to some of the 

previous results, these are powerful findings. 
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Once again, for completeness, and to forestall any possible criticism about 

the distance measure, the sign test is repeated for this data category. 

Table 15, Sign Test - Seinfeld 
N 

Seinfeld 
SV-CS - WADD-CS 

SV-CS <WADD-CS 58 

Seinfeld 
SV-CS - WADD-CS 

SV-CS >WADD-CS 33 Seinfeld 
SV-CS - WADD-CS SV-CS = WADD-CS 2 

Seinfeld 
SV-CS - WADD-CS 

Total 93 

Seinfeld 
SV-CS - IS-CS 

SV-CS < IS-CS 70 

Seinfeld 
SV-CS - IS-CS 

SV-CS > IS-CS 22 Seinfeld 
SV-CS - IS-CS SV-CS = IS-CS 1 

Seinfeld 
SV-CS - IS-CS 

Total 93 

Test Statistics - Sign Test - Seinfeld 
Seinfeld 
SV-CS-

WADD-CS 

Seinfeld 
SV-CS - IS-CS 

Z -2316 .̂900 
Asymp. Sig. (2-tailed) .012 .000 

The results of the sign test on the Seinfeld data mirror those found on the 

Wilcoxon test. The Shapley Value estimator is statistically superior to either 

of the other two test measures. 

In Reibstein's paper (Reibstein 1978), there is an additional parametric 

distance analysis. This is a Pearson correlation analysis between choice 

shares between methods. So, for example, for each subject, the measure 

correlates McDonalds by Shapley Value with McDonalds by constant sum. 
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Burger King by Shapley Value with Burger King by constant suiru etc. The 

closeness to constant sum is inferred from high correlations (directional 

cosines) between, say, the Shapley Value estimates and the constant sum 

estimates. 

There are limitations to this approach. There are only three degrees of 

freedom for every four share category. Beyond this, there are 

heteroskedasticity considerations. In one sense, these can compromise 

distance measures through dimension weighting or lack thereof. With 

respect to variance, there can be problems with adhering to the statistical 

assumptions of tests. With respect to distances (above), this was a some of 

the rationale for performing the sign test. Another reason was that if one 

finds highly significant results with a weak test, this lends added credence 

to results from stronger tests. For correlation studies, the standard solution 

to variance issues is to both square root the data and perform an arcsin 

transform. Reibstein (Reibstein 1978) did this as a secondary correlation 

study. He found no differences with and without the transform. As there are 
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degrees of freedom issues beyond heteroskedasticity, this refinement is not 

considered further. 

The following tables show Wilcoxon and sign test results applied to 

correlation distances for both the Fast Food and Seinfeld categories. 

Table 16, Wilcoxon Test - Fast Food - Correlation Distance 
N Mean Rank Sum of Ranks 

Fast Food 
WADD-CS vs. 

SV-CS Correlations 

SV-CS < WADD-CS 53 49.20 2607.50 

Fast Food 
WADD-CS vs. 

SV-CS Correlations 

SV-CS > WADD-CS 35 37.39 1308.50 
Fast Food 

WADD-CS vs. 
SV-CS Correlations 

SV-CS = WADD-CS 5 
Fast Food 

WADD-CS vs. 
SV-CS Correlations 

Total 93 

Fast Food 
IS-CS vs. 

SV-CS Correlations 

SV-CS < IS-CS 81 47.69 3863.00 

Fast Food 
IS-CS vs. 

SV-CS Correlations 

SV-CS > IS-CS 8 17.75 142.00 
Fast Food 
IS-CS vs. 

SV-CS Correlations 
SV-CS = IS-CS 4 

Fast Food 
IS-CS vs. 

SV-CS Correlations 

Total 93 

Table 17, Wilcoxon Test — Seinfeld - Correlation Distance 

Seinfeld 
WADD-CS vs. 

SV-CS Correlations 

SV-CS < WADD-CS 52 44.24 2300.50 

Seinfeld 
WADD-CS vs. 

SV-CS Correlations 

SV-CS > WADD-CS 35 43.64 1527.50 
Seinfeld 

WADD-CS vs. 
SV-CS Correlations 

SV-CS = WADD-CS 6 
Seinfeld 

WADD-CS vs. 
SV-CS Correlations 

Total 93 

Seinfeld 
IS-CS vs. 

SV-CS Correlations 

SV-CS < IS-CS 74 46.64 3451.00 

Seinfeld 
IS-CS vs. 

SV-CS Correlations 

SV-CS > IS-CS 13 29.00 377.00 
Seinfeld 
IS-CS vs. 

SV-CS Correlations 
SV-CS = IS-CS 6 

Seinfeld 
IS-CS vs. 

SV-CS Correlations 

Total 93 



131 

Test Statistics - Fast Food/Seinfeld - Correlation Distance 
Fast Food 
WADD-SV 

Fast Food 
IS-SV 

Seinfeld 
WADD-SV 

Seinfeld 
IS-SV 

z -2.703 (a) -7.612 (a) -1.636 (a) -6.505 (a) 
Asymp. Sig. (2-

t^ed) 
.007 .000 .102 .000 

a Based on positive ranks. 

Once again the results for correlation distances are compelling although not 

as strong as the direct distance measures. As has been the practice, the 

analysis is repeated using the Sign Test. 

Table 18, Sign Test - Fast Food/Seinfeld - Correlation Distance 
N 

Fast Food 
WADD-CS vs. 

SV-CS Correlations 

SV-CS < WADD-CS 53 
Fast Food 

WADD-CS vs. 
SV-CS Correlations 

SV-CS > WADD-CS 35 Fast Food 
WADD-CS vs. 

SV-CS Correlations SV-CS = WADD-CS 5 

Fast Food 
WADD-CS vs. 

SV-CS Correlations 
Total 93 

Fast Food 
IS-CS vs. 

SV-CS Correlations 

SV-CS < IS-CS 81 
Fast Food 
IS-CS vs. 

SV-CS Correlations 

SV-CS > IS-CS 8 Fast Food 
IS-CS vs. 

SV-CS Correlations SV-CS = IS-CS 4 

Fast Food 
IS-CS vs. 

SV-CS Correlations 
Total 93 

Seinfeld 
WADD-CS vs. 

SV-CS Correlations 

SV-CS < WADD-CS 52 
Seinfeld 

WADD-CS vs. 
SV-CS Correlations 

SV-CS > WADD-CS 35 Seinfeld 
WADD-CS vs. 

SV-CS Correlations SV-CS = WADD-CS 6 

Seinfeld 
WADD-CS vs. 

SV-CS Correlations 
Total 93 

Seinfeld 
IS-CS vs. 

SV-CS Correlations 

SV-CS < IS-CS 74 
Seinfeld 
IS-CS vs. 

SV-CS Correlations 

SV-CS > IS-CS 13 Seinfeld 
IS-CS vs. 

SV-CS Correlations SV-CS = IS-CS 6 

Seinfeld 
IS-CS vs. 

SV-CS Correlations 
Total 93 

Test Statistics - Sign Test - Correlation Distance 
Fast Food 
WADD-SV 

Fast Food 
IS-SV 

Seinfeld 
WADD-SV 

Seinfeld 
IS-SV 

Z -1.812 -7.632 -1.715 -6.433 
Asymp. Sig. (2-

tailed) .070 .000 .086 .000 
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The results for correlations are similar (although not quite as strong) as 

those for distances. Although there is no way to be sure, one might expect 

that it is related to the significantiy larger standard error intervals about the 

correlations. After all, each correlation has only three degrees of freedom 

(one is lost from summing to 100). 

It should be clear from the first two result sections that, first, the results that 

have been described were not the result of biases in questionnaire ordering. 

Second, the Shapley Value estimates are significantly closer to constant sum 

than either WADD or indirect share. If one is willing to accept the finding 

that constant sum is a 'gold standard' and that WADD is an accepted 

measure, then the reader should be drawn to the conclusion that Shapley 

Value is a comparable measure, too. 

The final series of analyses are directed at exploring the consistency of 

Shapley Value as a fimction of frequency of (high/low) usage and subject 

cognition (as measured by NFC and total elapsed time). If the measure 
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behaves differentially for different usage groups or for different cognitive 

styles then it is not uniformly applicable for arbitrary populations. 

Segment Analyses 

To examine segment behavior, terciles were created. These were generated 

from frequency distributions for the following variables: 

• Number of times visited a Fast Food restaurant in the past week 

• Number of times watched a first run Seinfeld (of four) 

• Short form Need for Cognition battery 

• Elapsed time to complete interview 

Mean scores for each segment were contrasted with t-tests. In all cases the 

dependent variable is the Euclidean distance between the Shapley Value 

measure and the constant sum measure. Where appropriate, either the Fast 

Food or Seinfeld distance is used. One would expect that if differences in 

segments were present, these should be manifest in contrasts between the 

low (1®*) and high (3"*) terciles(Cohen and Cohen 1983). Summarized and 

detail results follow: 
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Table 19, Summary of 1^/3"* Tercile T-Test Significance Scores 
Variable Fast Food Seinfeld Fast Food Seinfeld 

(I) (1) (2) (2) 
Sex .384 .467 .386 .476 
FF Freq. Of Visit .366 .393 
SFLD Freq. Of View. .771 .734 
Need For Cognition .440 .734 .447 .734 
Elapsed Time .053 .266 .053 .263 
(1) equal variances assumed 
(2) equal variances not assumed 
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Table 20, Sex T-Test 
SEX N Mean Std. Deviation Std. Error Mean 

Fast Food 
M 56 420.32 55139 73.68 

Fast Food 
F 37 52335 562.67 92.50 

Seinfeld 
M 56 308.89 716.62 95.76 

Seinfeld 
F 37 423.95 783.76 128.85 

Test Statistics - Sex T-Test 
Levene's Test for 

Equality of Variances t-test for Equality of Means 

Sig.(2-
tailed) 

Mean Std. Error 
Difference 

95% 
Confidence 

Interval of the 
Difference 

F Sig. t df Sig.(2-
tailed) Differe 

nee 

Std. Error 
Difference 

Lower 

U 
P 
P 
e 
r 

e e te 

Equal 
variances 
assumed 

1.044 310 .8 
7 
5 

91 384 -103.03 117.77 -336.96 

1 
3 
0 

9 
0 

M 
Ct Cs. 

Equal 
variances not 

assumed 

.8 
7 

1 

76 
.1 
18 

386 -103.03 118.26 -338.56 

1 
3 
2 

5 

.8 
7 

1 
0 

•a 
s 

Equal 
variances 
assumed 

.570 .452 .7 
3 
0 

91 .467 -115.05 157.60 -428.11 

1 
9 
8 

0 
1 

s 
"S cn 

Equal 
variances not 

assumed 

.7 
I 
7 

72 
3 
13 

.476 -115.05 160.54 -435.06 

2 
0 
4 

9 
5 



136 

Table 21, Fast Food Frequency of Usage Tercile T-Test 
N Mean Std. Deviation Std. Error Mean 

FF 
Frequency 

TercQe 

1 33 37533 408.65 71.14 FF 
Frequency 

TercQe 3 23 493.30 559.53 116.67 

Test Statistics - Fast Food Frequency of Tercile Use 
Levene's Test for 

Equality of Variances t-test for Equality of Means 

95% 
Confidence 

F Sig. t df Sig.(2- Mean 
DifTere 

nee 

Std. Error 
Interval of the 

Difference 
F Sig. t df 

tailed) 

Mean 
DifTere 

nee 
Difference 

Lower 

U 
P 
pe 
r 

Equal .9 
1 
3 

14 
variances 1.516 .224 

.9 
1 
3 

54 366 -117.97 129.28 -377.15 1. 
assumed 

.9 
1 
3 

21 

Equal .8 
37 15 

variances not 
.8 

.8 393 -117.97 136.65 -394.65 8-
assumed 

3 
06 70 
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Table 22, Seinfeld Frequency of Viewing Tercile T-Test 
N Mean Std. Deviation Std. Error Mean 

Seinfeld 
Viewing 
Terciles 

1 23 325.96 445.63 92.92 Seinfeld 
Viewing 
Terciles 3 41 379.71 814.80 127.25 

Test Statistics - Seinfeld Viewing Frequency Terciles 
Levene's Test for 

Equality of Variances 
t-test for Equality of Means 

95% 
Confidence 
Interval of 

Sig.(2-
tafled) 

Mean 
Std. Error 
Difference 

the Difference 
F Sig. t df 

Sig.(2-
tafled) 

Differe 
nee 

Std. Error 
Difference 

Lower 

U 
P 
P 
e 
r 
3 

Equal 
variances .873 .354 .2 

62 .771 -53.75 183.99 -421.54 

1 
4 

assumed 
y 
2 0 

4 
2 

Equal 
variances not .3 61 

.9 .734 -53.75 157.57 -368.72 

6 
1 

assumed 4 
1 

87 7 
4 

1 
2 
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Ta ble 23, Need for Cognit on (short form) Tercile T-Test 
N Mean Std. Deviation Std. Error Mean 

Fast Food 
1 31 436.00 531.79 95.51 

Fast Food 
3 28 563.54 720.98 136.25 

Seinfeld 
Viewing 

1 31 444.87 910.04 163.45 Seinfeld 
Viewing 

3 28 365.61 869.18 164 J6 

Test Statistics- NFC Tercile T-test 
Levene's Test for 

Equality of Variances 
t-test for Equality of Means 

F Sig. t df Sig.(2-
tafled) 

Mean 
Differe 

nee 

Std. Error 
Difference 

95% 
Confidence 

Interval of the 
Difference 

F Sig. t df Sig.(2-
tafled) 

Mean 
Differe 

nee 

Std. Error 
Difference 

Lower 

U 
P 
P 
e 
r 

F
as

t 
F

oo
d 

Equal 
variances 
assumed 

1.137 .291 
.7 
7 
8 

57 .440 -127.54 163.87 -455.68 

2 
0 
0. 
6 

1 

F
as

t 
F

oo
d 

Equal 
variances not 

assumed 

.7 
6 
6 

49 
.3 
33 

.447 -127.54 166.39 -461.86 

2 
0 
6. 
7 
9 

•o 
£ 

Equal 
variances 
assumed 

.212 .647 
.3 
4 

1 
57 .734 79.26 232.28 -385.86 

54 
4. 
39 

*S cn Equal 
variances not 

assumed 

.3 
4 
2 

56 
.8 
11 

.734 79.26 231.73 -384.79 
54 
3. 
32 
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Table 24, Elapsed Time Tercile T-Test 
N Mean Std. Deviation Std. Error Mean 

Fast Food 
Tercfles 

1 33 591.64 660.10 114.91 Fast Food 
Tercfles 3 32 317.88 434.36 76.79 

Seinfeld 
Viewing 
Terciles 

1 33 557.09 1109.61 193.16 Seinfeld 
Viewing 
Terciles 3 32 314.81 518.87 91.72 

Test Statistics - Elapsed Time Tercile T-Test 
Levene's Test for 

Equality of Variances 
t-test for Equality of Means 

95% 

Mean 
Difiere 

nee 

Confidence 

F Sig. t df 
Sig. (2-
taQed) 

Mean 
Difiere 

nee 

Std. Error 
Difference 

Interval of the 
Difference 

Mean 
Difiere 

nee 
Lower Up 

per 

Equal 
variances 5.175 .026 

1. 
9 

63 .053 273.76 139.06 -4.13 551 
.65 e e fib 

assumed 
9 

551 
.65 

M 
Ct 

Es. Equal 1. 
9 
8 

1 

55 
550 
.67 variances not 

1. 
9 
8 

1 

.5 .053 273.76 138.20 -3.14 550 
.67 

assumed 

1. 
9 
8 

1 
29 

550 
.67 

Equal 
variances 3.813 .055 

1. 
1 

63 .266 242.28 215.98 -189.33 
673 
.89 •a 

a 
assumed z 

2 

673 
.89 

s 
*5 Equal 1. 

1 
45 672 

.78 
variances not 

1. 
1 .6 .263 242.28 213.83 -188.23 

672 
.78 

assumed J 

3 
62 

672 
.78 
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The common finding across these variables is that there are no difference in 

the characteristics of the Shapley Value measure between cells (sex) or 

between high and low terciles. 

There is a marginal difference (t sig>0.05) for elapsed time. For Fast Food, 

those subjects who took more time had better correspondence between their 

Shapley Value and constant sum scores. However, considering the number 

of test results that are presented, this may well be a multiple comparison 

phenomenon. 

An anomaly was detected in the NFC scale during data preparation. A 

routine factor analysis that was to confirm a one factor scale detected five 

factors. However, as there was no differentiation by this variable, this 

finding is not pursued. 

It seems clear that Shapley Value is a measure that is uniformly superior in 

estimating choice probabilities independent of data segment. If there were a 

usage effect, one might expect that the high fi-equency of usage group (3"^ 
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tercile) would display less distance to the standard than the tercile. For 

both categories, high frequency does not translate to closer estimates. 

Finally, the results for elapsed time appear to be directionally correct. 

Subjects who spend more time completing the interview task have lower 

errors than those who spend less time. This is only demonstrable for one 

category, and, as has been pointed out, may be a testing artifact. 

To summarize this section, and refocus the reader towards a high level 

perspective, the following bullet points are re-emphasized: 

• The findings are not an artifact of the experimental design. It is clear 

from the rotations and randomizations section that sampling and 

procedures are not driving results. 

• Differences in the techniques are driving the results. There are clear and 

compelling statistical differences. These have been replicated using two 

different concepts of distance (Euclidean distance and Pearson 

correlations (directional cosines) and two testing protocols within each 

(Wilcoxon and Sign Test). 
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• The Shapley Value methodology appears effective in a variety of 

categories. It does not differentially favor either high usage (knowledge) 

or particular cognitive preferences. It seems to measure uniformly across 

market segments. 

Omission of Single Bundle Goods 

In the study design, special attention was paid to the deletion of single 

bundle goods from the Shapley Value questioning battery. It was argued 

that this was done for pragmatic reasons. It was argued that subjects 

followed a well know heuristic (Shugan 1980) and arithmetically computed 

the various multiple bundle Shapley Value scores rather than cognitively 

determine them. 

The indirect share question, in addition to being a self-standing preference 

model, was included to assess whether there might be some other 

consideration that separated single good bundles from multiple good 

bundles. 
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Univariate analyses indicated that the average variance of the single choice 

alternatives was greater than those of the multiple choice bundles. An 

analysis of variance was conducted to compare the variances of the two 

blocks of questions in aggregate. For the fast food data, there is only a one 

in ten thousand chance that the average questions were drawn from the same 

question pool. For the Seinfeld data, the chances are only three in one 

hundred. 

What this suggests is that there is something fundamentally different about 

the single and multiple good questions. It seems likely, without theory to 

back it up, that there are different cognitive processes at work. To extend 

the argument, as the multiple bundle responses of the Shapley Value battery 

are relatively close to those of the constant sum, one might suggest that 

these underl3ang mechanisms are more similar than those of single choice 

bundles and constant sum. Once again, these are beyond the scope of this 

work. However, they appear to give support to the decision to exclude the 

single choice measures from the Shapley Value battery. 
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Chapter 6 - Discussion 

The theoretical contribution of this dissertation is the extension of the 

Shapley Value model. In the new interpretation, one can apply the Shapley 

Value solution concept to decision theory. This extends the problem domain 

to the 'inner world' of consciousness using survey research (subjective) 

data. Implementations have previously been restricted to categories in the 

'extemal world' using administrative (objective) data. 

In the dissertation application, the Shapley Value is used to apportion 

preference among conceptual choices (fast food, Seinfeld actors). The focus 

is the adaptation of the overall solution concept. The methodology could 

have been used to apportion the importance of attributes across choices or to 

examine some other cognitive construct. The critical issue is whether one 

can effectively use the Shapley Value strategy, extracting individual average 

marginal contributions from aggregates (bundles), with perceptual, 

subjective survey data. 
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In a methodological test, it is essential to eliminate alternative explanations 

for the results. A clean hypothesis and analytical plan make a strong 

contribution to this. For the dissertation, previous research and industry 

practice suggested both a preference standard (constant sum) as well as an 

accepted comparative technique (weighted additive method (WADD)). An 

experiment was designed to combine these elements to create a study of 

high power (within subject multiple-comparison design), that equalized 

possible order effects (factorial orderings), and minimized statistical 

assumptions (non-parametric (paired Wilcoxon) testing). The field 

environment (Economic Science Laboratory) and administrative controls 

(supervisory personnel and CATI system) lessened the risks of procedural 

artifacts even further. Finally, statistical analyses validated the soundness in 

the execution of the design. Rotation and randomization controls indicated 

that order effects (if present) were appropriately equalized. A quartile 

analysis, comparing high and low cell means for a number of 

demographics(Cohen and Cohen 1983), offered no evidence that the 

procedure acted differentially by segment. 
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The combination of the above protocol combined with the similarity 

between the Shapley Value and constant sum results lead one to the 

conclusion that the Shapley Value methodology can correctly apportion 

preferences among cognitive alternatives^'. Further, for the two categories 

tested, the Shapley Value methodology is significantly closer to the standard 

than the comparative measure, WADD. 

These findings replicate previous reported shortcomings of WADD. 

Reibstein(Reibstein 1978) has argued that there is a greater cognitive 

distance between attitudinal measures and behavior than apportioned 

preference and behavior. WADD is more removed fi^om an actual decision 

than other techniques. There is "a deterioration in the quality of the 

information about choice". Ehrenberg(Ehrenberg 1974) has argued that 

most brands differ in the number of buyers not in differing motivations or 

attitudes. For both authors, WADD is not a preferred method of estimation. 

The current research offers additional insight in support of the critiques of 

WADD. There is a parallel between Shapley Value and WADD. Both use a 

•*' Or, it does so in a manner consistent with constant sum. 
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marginalist approach, albeit in different ways. Shapley Value holistically 

estimates the average marginal value of choices within category. WADD, as 

a regression model, uses beta coefficients as the marginal contribution of 

attributes to a choice. Although at different levels of aggregation, one to a 

choice the other a category, both build with the same marginal mechanism. 

Based on the superiority of results, one can argue that marginal, holistic 

choice is a more accurate estimator of preference than marginal attribute 

choice. 

There are several possible rejoinders to this conclusion. The most obvious is 

that there is a deficiency in the attribute list. There are critical attributes 

missing from a shared, communal list. Or, one should be using attribute lists 

that are customized for each subject. In theory, either of these is a correct 

argument. WADD is normative in the limit. Given an infinite attribute list, 

WADD will capture all variation in choice. However, for pragmatic reasons, 

attribute lists are limited. One wishes to explain a significant amount of 

(shared) attribute variation. The procedures employed to select the attribute 

lists were appropriate and followed market research standards. The decision 
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to use a shared list, rather than one custom designed for each subject, was 

made to conform to industry usage. It was design to test how the measure is 

used, not how one might wish it to be used. 

The second critique is that there is a problem with the direct elicitation of 

the beta coefficients. In this, the attribute list is presumed correct. The direct 

estimation of beta coefficients (via a scale) is suspect. This makes some 

sense. A scale can only assume discrete values. This methodology also 

follows standard practice. Once again, the experimental design reflects how 

WADD is implemented, not how one might wish it to be. It is a context for 

comparison. 

The third critique is more technical in nature and involves the conversion of 

scores to shares. It assumes the attributes are correct as are the beta 

weights. However, the algorithm used to convert from raw scores to shares 

is unsuitable. 
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In this argument, the inquiry focuses on the Luce Choice Axiom (LCA) 

(Luce 1959; Luce and Suppes 1965) used to form shares. The suggestion is 

that LCA is not appropriate. This would be the case if either the choice 

scores are not ratio scaled or if the choices are not independent. 

Where required by statistical methods, the scale of measurement in survey 

research is routinely assumed to follow required assumptions. In this case, 

the WADD components are interval scaled. The promotion of the data to 

ratio scale is frequently made (i.e. multivariate analysis), but is not literally 

correct. The scores, as collected, do not have a true zero. However, common 

practice is to assume ratio scaling without data adjustment. 

Choices are, however, not independent. In competitive categories, 

alternatives are continually fighting to improve their competitive positions. 

This competition is fought with minor adjustments and repositions of the 

very attributes that are directiy used in the WADD measure (and implicit in 

the other measures). 
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To the extent that attributes positively covary, differences are attenuated; to 

the extent that they negatively covary, differences are magnified. However, 

the weak linkage between attitude and behavioral intention seems a more 

likely cause of the discrepancy between WADD and constant sum than the 

violation of any independence"^" or other technical assumption. 

The net result of the above is that if one does not require attribute 

diagnostics, either Shapley Value or constant sum are clearly superior 

preference methodologies to WADD. If one is dealing with a conceptual 

category, one in which choice alternatives are easily related and ordered, 

then constant sum should be the method of choice. The constant sum 

protocol is shorter and easier to administer than Shapley Value. However, 

there are several specific circumstances in which the Shapley Value might 

be more effective. 

Theoretically, only statistically independent items may be added. To accoimt for covariation, interaction 
terms should be added. 

Deviation &om independent causes the denominator 
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The first occurs when clarity is disadvantageous. This can happen in 

sensitive categories where there may be 'politically correct' responses(Mick; 

1996). People tend toward the conventional view. The Shapley Value 

method is opaque. Where question intent is not transparent, a subject is less 

likely or able to camouflage his true beliefs. 

The second occurs when there are disparate choice elements to be allocated. 

This has been discussed before. It is not a common problem in most 

academic research settings. This is not because subjects do not have to 

choose between appliances and vacations, or which stocks to buy, or which 

(risky) surgical procedure to undergo. It occurs because these are complex 

problems that are not addressed in day to day methodological research. If 

addressed at all, they tend to be studied on a case specific basis using other 

analytical approaches. 

The third occurs when an individual is making a number of sequential 

decisions in a category. For example, consider selecting a stock for a 

portfolio. In this case, the particular decision will probably be one of a 
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series. It is part of a strategic plan. It is not an independent action. Bundles 

of alternatives would be valued by their compliance with this strategy. The 

Shapley Value is an appropriate technique for this sort of problem. The 

ratings for multiple good bundles adjust (either positively or negatively) for 

their joint desirability. 

In general, one should favor the Shapley Value when one will construct a 

decision by counter-balancing groups of choices, either at one point in time 

or inter-temporally. It is appropriate in early stages of decision making 

when one is sorting choices into similarity clusters. It is also appropriate in 

late decision making where clear decision favorites have not emerged. 

To clarify this point, consider four velvet bags on a counter. Each has 

precious content, say diamonds. You pick up each bag, in turn, and attempt 

to discern a difference in weight. You cannot. You then pick up one bag in 

each hand. You still cannot detect a difference comparing pairs directly. 

Finally, you pick up various combinations of two bags in each hand. One 

pair seems the heaviest. You choose between one of these bags. The velvet 
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bag example makes a point. Some differences cannot be detected 

individually. They need to be combined to make variances more apparent. 

In this case, single analyses fail. In fact, the selection that is finally made is 

probabilistic. It is not a certainty. It is like most decisions, an educated 

guess. However, by selecting among groups of bundles, you have reduced a 

difficult decision from one in four to one in two. This is a significant 

improvement. It is a benefit of Shapley Value. It uses aggregates to improve 

or make individual probability estimates. 

In the real world, there are difficult decisions to make. One can use the 

Shapley Value technique to grade alternatives. Consider alternative 

treatments for breast and prostate cancer. There are, perhaps, three or four 

treatment protocols, each with the same approximate prognosis. They differ 

in how radically they counter-attack the diseases. There are no absolutely 

preferred treatments in either case. Each has pros and cons. As patients and 

their families gain information, preferences or aversions to groups of 

treatments begin to form. They might be well served to apply an ordering 
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technique, such as Shapley Value, to clarify their preferences for groups of 

alternatives. These can be used to appraisal individual treatments. The 

Shapley Value creates orderings objectively. 

The results of this Shapley Value test appear promising. They suggest that 

the methodology has potential. However, only one study, conducted under 

highly controlled, optimal conditions, has been conducted. It is premature to 

speculate how well the measure might perform under field conditions. The 

complexity of rotations and randomizations make it clear that any 

implementation requires a CATI environment. Beyond this, in the field, one 

gives up the benefits of laboratory setting, supervisory staff, and the halo or 

imprimatur of academia. It is not clear what impact any significant change 

in environment might have on outcomes. This must be explored. 

Further, the model has only been tested with four choice alternatives. The 

underlying theoretical model expresses a strategy for the solution of larger 

problems. It suggests partitioning choices into exclusive, additive subsets. 

As the model is normative, theoreticians are assured that all subsets are 
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equivalent and have no adverse consequences. However, in the real world, 

with sampling, subjective questioning, and live subjects, it is an open 

question whether large choice sets can ever be feasible. 

Handling large choice sets by partitioning appears problematic. However, 

there is an alternative way of processing these choice sets. This entails using 

fractional factorial designs(Winer 1971). This is necessary because full 

factorial designs have excessive data requirements beyond four choices. 

There are a number of potential problems that might manifest with this 

design and a greater number of choices. 

With four choices, all possible bundles can be manipulated (scored, 

compared, re-scored, etc.) by each subject on one computer screen. With 

more alternatives, displaying all bundles would require multiple screens. 

This might make it difficult for some subjects to establish the appropriate 

interrelationships between bundles across displays. This could lead to 

inconsistency problems and mis-estimation. 
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Another potential problem with fi*actional factorials is that one must deal 

with the assumption that the choice presentation orders will equalize any 

sequencing effect. In the full factorial case, this is not an issue. All 

orderings are present. In the dissertation study, with four choices a hybrid 

fractional design resulted. All possible combinations of choices were 

displayed. Not all permutations could be used. Orderings were generated by 

a Monte Carlo mechanism on a per subject basis. There was some remote 

possibility that there would be an imbalance in display order. If it had 

occurred, one could argue that the results were due to a presentation 

problem rather than differences between measures. Fortunately, this did not 

happen. However, for greater numbers of choices in the set, not only is the 

number of permutations immense, but the number of combinations 

(probably) is as well. Clearly, as the number of choices in the set increases, 

the probability of a presentation order imbalance also increases. This can 

open the door to issues of alternative hypotheses driving the results. 

A final problem with large choice sets is that it is unclear, for larger subsets, 

that subjects can accurately assign scores that discriminate between 
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bundles. With four or five elements in a bundle, there is little to differentiate 

between bundles of the same size. Similarly, there is little additional 

variance that can be explained by adding an element. If either of these is the 

case, it might be possible to limit data to the smaller subsets of choices. 

Individual estimates can be created firom any two consecutively sized 

subsets. For example, one could estimate preferences fi-om only pairs and 

triples. The logic behind this can be embedded in the characteristic function 

for the game. It is the same logic that was used to eliminate single element 

bundles fi-om the dissertation study. 

There is clearly additional development work that must be done to establish 

the model. Additional studies are required using different categories and 

sample compositions. These add to claims of model stability and robustness. 

Studies are also necessary (as described above) to evaluate characteristic 

function specifications for large choice sets. If this work does not reveal 

significant problems, studies should then focus on categories where 

comparable data (constant sum and/or WADD) is not appropriate or 
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available. Success in these would argue that there are problem areas in 

which the Shapley Value model would be the tool of choice. 

Although one cannot make reasoned claims based on only one study, the 

Shapley Value seems to offer potential as a new measure. By that is meant, 

it may offer benefits complementary to existing models. It appears separable 

from constant sum in its data requirements: ratings rather than allocations. 

Although greater amounts of data are required, Shapley Value can be easier 

to respond to in appropriate circumstances. Subjects may be unable to create 

a suitable context in which to directiy allocate preference. Or, they may 

prefer not to make head to head comparisons (although these can be 

derived). In conceptually simple categories, constant sum should always be 

preferred. In the context of complex decisions, this may not be the case. 

To appreciate the potential interconnection of Shapley Value and constant 

sum, consider the following. The study has generated a finding that, 

although unsubstantiated, speaks to a possible cognitive relation between 

Shapley Value and constant sum. An ANOVA has detected a significant 
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difference in variance between single good bundle ratings and multiple 

good bundle ratings. Single good bundles showed significantly greater 

dispersion about their means than do multiple good bundles. One possible 

explanation for this is that there is an averaging process at work in multiple 

good bundle computations. This would tend to moderate the range of 

response. If this were not the case, one would expect similarly ranged 

variances as single goods. Averaging is an explanation, not the explanation. 

There are any number of other processes which might have generated this 

result. The actual mechanism will always remain unknown. 

We would like to infer that there is a relation between Shapley Value 

multiple bundle ratings and constant sum ratings. Each process is operating 

on the same varieties of data. Each creates ratings. Each is making relatively 

similar assignments. However, one is making one rating and the other is 

making N semi-dependent (ipsative) ratings. 

If there is a related cognitive process, it could explain the similar results that 

are generated. It would be desirable to test this. However, as mentioned. 
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constant sum data is constrained. The variances cannot be made comparable 

for testing. However, the empirical findings have been compared. They can 

continue to be. Whether the measures will continue to correspond is yet to 

be determined. 

This dissertation offers a new methodology for developing preference 

measures. The technique appears superior to one in general use, WADD, 

and similar to another that is considered the standard, constant sum. 

Circumstances have been presented where it would be beneficial to have an 

alternative measure, beyond constant sum, to use. This specification has 

been described in terms of rating versus allocating, and contrasting groups 

of choices rather than individual choices. On this basis, continued research 

into Shapley Value is warranted. It can provide a tool for probing 

preferences in complex decision making. In the realm of survey-based 

research, such a tool is not presently available. 
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Appendix A - Additional WADD Models 

The following is a partial enumeration of WADD models. Brief summaries 

of the transformations that demonstrate the sum of products form are 

provided (From (Cooper and Nakanishi 1988)). 

Linear: 

K ^,=«, 
k=\ 

Multiplicative: 

s.=exp{a.) Yl^u 
t=i 

(Linearize parameters by taking logs) 

Exponential: 

(Linearize parameters by taking logs.) 

=expfQr,+XA 



162 

Multiplicative Competitive Interaction (MCI): 

4 =exp(a.) PI^^* Si 

A.. 
t=i 

s.  =• 
m 

/=1 

Linearize parameters by performing the following operations: 

Log both sides: 

log^, = a, + £ A - log] Xf 
J=l V i=I 

Sum over i and divide by m (averaging): 

log^ =cc+^P^ \ogX^ + logs -^7 J| 

where barred terms are goemetric means 

Subtract the above equation from the previous equation 3delding: 

f ^ J u ]  • log|^yj = a* +Z^i^®g 

where a' = (a, -a\ei = Iog(£-, /s)  
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Multinomial Logit (MNL): 

A. =expj^a,+£/?, -x^.+s, 

A.. 
t=i 

s. = 
'  m 

/=! 

Linearize parameters by performing the following operations: 

Log and center: 

Hi = {a. - a )+ X A i^ki - )+ k - e) 
t=i 

where barred terms are arithmetic means 
Simplifying: 

lod^ = <*Y^PAXu-X,Ve\ 
k^\ 

where a] = (a, -a\e] = Iog(£', I s) 
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Appendix B - Program Code to Estimate Shapley Value 

Program ShapVal; 

Uses crt, printer; 

const 

choices=4; 

alpha:array [1..choices] of char = ('A','B','C','D'); 

permutations=24; {choices!} 

cornbinations=15; {exclude null combination (2**choices)-1} 

type 

sv=record 

no:integer; 

order:array [1..choices] of byte; 

value:integer; 

end; 

sva=array [1..combinations] of sv; 

srtrec=array [1..choices] of byte; 

pertype=array [1..permutations,1..choices] of byte; 

pertypea=array [1..permutations,1..choices] of char; 

var 

ok:boolean; 

svl:sva; 

permute:pertype; 

permutea:pertypea; 

sorted:srtrec; 

atline:integer; 

ichar:char; 

fileout:text; 

function index (no:integer; d:srtrec; svl:sva):integer; 

var 

i,j:integer; 

ok:boolean; 



procedure sort (no:integer; var d:srtrec); 

{bubble sort (small) no. of choices} 

var 

i,j : integer; 

temp:byte; 

begin 

if (no=l)then exit; 

for i := 1 to no-1 do 

for j := i+1 to no do 

if (d [i]>d [j]) then 

begin 

temp := d [i]; 

d [i] := d tj] ; 

d [j] := temp; 

end; 

end; 

begin 

sort (no,d); 

for i := 1 to combinations do 

begin 

ok := true; 

if (noosvl [i].no) then continue; 

for j := 1 to no do 

begin 

if (d [j]<>svl [i].order [j])then 

ok := false; 

end; 

if (ok) then 

begin 

index := i; 

exit; 

end; 

end; 

end; 

procedure init_sv (var svlrsva; debug:boolean) 



var 

ipt,i,j,k,l:integer; 

begin 

ipt := 0; 

for i := 1 to choices do 

begin 

ipt := ipt + 1; 

svl [ipt]-no := 1; 

svl [ipt].order [1] := i; 

for j := 2 to choices do 

svl [ipt].order [j] := 0; 

end; 

for i := 1 to choices do 

for j := i+1 to choices do 

begin 

ipt := ipt + 1; 

svl [ipt].no := 2; 

svl [ipt].order [1] := i; 

svl [ipt].order [2] := j; 

for k := 3 to choices do 

svl [ipt].order [k] := 0; 

end; 

for i := 1 to choices do 

for j := i+1 to choices do 

for k := j+1 to choices do 

begin 

ipt := ipt + 1; 

svl [ipt].no := choices-1; 

svl [ipt].order [1] := i; 

svl [ipt].order [2] := j; 

svl [ipt].order [3] := k; 

svl [ipt].order [4] := 0; 

end; 

ipt := ipt + 1; 

svl [ipt]-no := 4; 

for i := 1 to choices do 

svl [ipt].order [i] := i; 

{initialize singles} 

{initialize doubles} 

{initialize triples} 

{initialize quad} 



if (debug) then 

begin 

clrscr; 

for i := 1 to combinations do 

begin 

write (fileout,i:2, ' #: ',svl [i].no:2, ' val: •, svl 

[i].value:4,' codes: '); 

for j := 1 to choices do 

if (svl [i].order [j]>0) then 

write (fileout,alpha [svl [i].order [j]],' '); 

writeln (fileout,' '); 

end; 

repeat 

until keypressed; 

end; 

end; 

procedure init_perTnute (var permute:pertype; var permutea:pertypea 

debug:boolean); 

var 

i,j,k,1,ipt:integer; 

begin 

ipt := 0; 

if (debug) then 

clrscr; 

for i := 1 to choices do 

begin 

for j := 1 to choices do 

begin 

if (i=j) then continue; 

for k := 1 to choices do 

begin 

if ( {i=k) or (j=k))then continue; 

for 1 := 1 to choices do 

begin 

if ( (i=l) or (j=l) or (k=l)) then continue; 

ipt := ipt + 1; 

perntute [ipt,l] := i; 
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permute tipt,2] := j 

permute tipt,3] := k; 

permute [ipt,4] := 1; 

permutea [ipt,l] := alpha [i]; 

permutea [ipt,2l := alpha [j1; 

permutea [ipt,3] := alpha [k]; 

permutea [ipt,4] := alpha [1]; 

if (debug) then 

w r i t e l n  ( f i l e o u t , a l p h a  [ i ] a l p h a  [ j a l p h a  

[k],',alpha [1]); 

end; 

end; 

end; 

end; 

end; 

procedure sv_calc (svlrsva; permute:pertype; debug:boolean); 

var 

i,j,k:integer; 

line:srtrec; 

sv_score, sv_diff, svsum:array [1..choices] of integer; 

sv:array [1..choices] of real; 

function spaces (no:integer):string; 

var 

i:integer; 

temp:string; 

begin 

temp := ''; 

for i := 1 to no do 

temp := temp + ' '; 

spaces := temp; 

end; 

begin 

writeln (fileout,spaces (24),'A',spaces (9)Bspaces (9),'C,spaces 

(9),'D',spaces (9)); 

for i := 1 to choices do 
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svsum [i] := 0; 

for i := 1 to permutations do {process all 

lines} 

begin 

for j := 1 to choices do {line to examine} 

line [j] := permute [i,j]; 

for j := 1 to choices do {analyze all 

protocoalitions in line} 

begin 

k := index (j, line, svl); {get correct value line 

and score} 

sv_score [j] := svl [k].value; 

end; 

sv_diff [line [1]] := sv_score [1]; 

for j ;= 2 to choices do {calculate 

increments from entry} 

sv_diff [line [j]] := sv_score [j]-sv_score [j-1]; 

for j := 1 to choices do 

svsum [j] := svsum [j] + sv_diff [j]; 

write (fileout,permutea [i,1],'-',permutea [i,2],'-',permutea 

[i,3],'-',permutea [i,4],spaces (13)); 

for j := 1 to choices do 

write (fileout,sv_diff [j]:5,spaces (5)); 

writeln (fileout,' '); 

end; 

write (fileout,'Sum',spaces (17)); 

for j := 1 to choices do 

write (fileout,svsum [j]:5,spaces (5)); 

writeln (fileout,' '); 

write (fileout,'SV,spaces (18)); 

for j := 1 to choices do 

begin 

SV [j] := l.o*svsum [j]/permutations; 

write (fileout,SV [j]:5:1,spaces (5)); 
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end; 

writeln (fileout,' '); 

writeln {fileout, ' ') ,-

write (fileout,spaces (25),' ('); 

for j := 1 to 3 do 

write (fileout,round (sv [j]),','); 

writeln (f ileout, round (sv [4] ) , • ,-ABCD) ') ; 

end; 

begin 

assign (fileout,'sv.out') ,-

rewrite (fileout) ,-

svl [1]. value : = 0; 

svl [2] . value : = 0; 

svl [3] . value : = 0; 

svl [4] . value : = 0; 

svl 

in 

value : = 90; 

svl [6] . value : = 70; 

svl [7] . value : = 60; 

svl [8] . value : = 0; 

svl [9] - value : = 0; 

svl [10] .value : = 0; 

svl [11] .value ; = 90; 

svl [12] .value : = 90; 

svl [13] .value ; = 70; 

14].value := 100; 

svl [15].value := 100; 

init sv (svl, true); 

init_pennute (permute, permutea, false); 
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sv_calc (svl, permute, true); 

close (fileout) ,-

exit; 

end. 
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Appendix C - Need For Cognition 

Short Form 
Cacioppo, John T., Petty, Richard E, and Kao Feng Chuan (1984), The 
Efficient Assessment of Need for Cognition, Journal of Personality 
Assessment, 48 (3),306-307 

Long Form 
Cacioppo, John T. and Petty, Richard E. (1982), The Need for Cognition, 
Journal of Personality and Social Psychology, 42 (1), 116-131 

1. I really enjoy a task that involves coming up with solutions to problems. 

2. I would prefer a task that is intellectual, difficult, and important to one 
that is somewhat important but does not require much thought. 

3. Learning new ways to think doesn't excite me very much. (*) 

4. I usually end up deliberating about issues even when they do not affect 
me personally. 

5. The idea of relying on thought to get my way to the top does not appeal 
to me. (*) 

6. The notion of thinking abstractly is not appealing to me. (*) 

7. I only think as hard as I have to. (*) 

8. I like tasks that require little thought once I've learned them. (*) 

9. I prefer to think about small daily projects to long-term ones. (*) 



173 

lO.I would rather do something that requires little thought than something 
that is sure to challenge my thinking abilities. (*) 

I l.I find little satisfaction in deliberating hard and for long hours. (*) 
12.1 don't like to have the responsibility of handling a situation that requires 

a lot of thinking. (*) 

13.1 feel relief rather than satisfaction after completing a task that required a 
lot of mental effort. (*) 

14.Thinking is not my idea of fim. (*) 

15.1 try to anticipate and avoid situations where there is a likely chance I'll 
have to think in depth about something. (*) 

16.1 prefer my life to be filled with puzzles that I must solve. 

17.1 would prefer complex to simple problems 

18.It's enough for me that something gets the job done; I don't care how or 
why it works. (*) 

(*) Reverse Scaled 
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Screen Image 1 

Screen Image 2 



175 

Screen Image 3 

Screen Image 4 
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Screen Image 5 

Screen Image 6 
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Screen Image 7 

Screen Image 8 
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Screen Image 9 

Screen Image 10 
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Screen Image 11 

Screen Image 12 
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Screen Image 13 

Screen Image 14 
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Screen Image 15 

Screen Image 16 
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Screen Image 17 

Screen Image 18 
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Screen Image 19 

Screen Image 20 
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Screen Image 21 - NFC Sample Screen (1 of 18) 

Screen Image 22 
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Screen Image 23 

Screen Image 24 
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Screen Image 25 

Screen Image 26 
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Screen Image 27 

Screen Image 28 
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Screen Image 29 

Screen Image 30 



189 

Screen Image 31 

Screen Image 32 
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Screen Image 33 

Screen Image 34 
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Screen Image 35 

Screen Image 36 
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Screen Image 37 
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Appendix E - Pre-test - Category Search 

Product/Personality Awareness (June, 1998) 

(1-3)-
4-1-

Please complete the following questionnaire. We are interested in your familiarity with products and 
personalities. There are no right or wrong answers. Please try to be complete in your responses. 
LEGIBILITY COUNTS — IF IN DOUBT, PLEASE PRINT. The marks in the right margin are for data 
entry. Do not be distracted by them. THEY MAY BE SAFELY IGNORED! 

1. Please rate vour familiaritv with the following categories. Circle your response. 

Athletic Shoes/Sneakers 
Personal Computers for 
School 

Fast Food Restaurants 
Carbonated Soft Drinks 
TV Actors in Comedies 
TV Actresses in Comedies 

No 
Familiarity 

1 2 

2 
2 
2 
2 
2 

3 
3 
3 
3 
3 

4 
4 
4 
4 
4 

5 
5 
5 
5 
5 

Very 
Famihar 

6 7 

6 
6 
6 
6 
6 

05-

06-

07-
08-

09-
10-

2. List all of the elements you consider when deciding to buy Athletic Shoes/Sneakers: (11-12) 

3. List as many characteristics of Athletic Shoes/Sneakers as you can: (13-14) 

4. List features that are common to most Athletic Shoes/Sneakers: (15-16) 

5. When was the last time you searched for Athletic Shoes/Sneakers; 17-

1)Never 
2)Two years ago or more 
3)More than on year ago but less than two years ago 
4)More than six months ago but less than one year ago 
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3) Six months ago or less 
6. List all of the brands of Athletic Shoes/Sneakers that you considered; 18-

19-
20-

21-

22-

23-

7. List all male TV actors in Situation Comedies that you are familiar with: 
24-
25-

8. List as many characteristics of these TV actors as possible: (26-27) 

9. List features common to most TV actors in Situation Comedies: (28-29) 

10. List all female TV actresses in Situation Comedies: 30-
31-

11. List as many characteristics of these TV actresses as possible: (32-33) 

12. List features common to most TV actresses: (30-31) 

A. What is your sex? (Circle one) 32-
1. Female 
2. Male 

B. What is your age? (Fill in the blank) (33-34) 

C. What other categories of products or services that you use are of common interest with your friends? 
Please list below: 
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Appendix F - Pre-test - Shapley Value Administration 

Category Ratings - Sneakers/Athletic Shoes 
(June,1998) 

(1-3) 
4-1 

Please complete the following questionnaire. We are interested in your opinion of the 
desirability of product bundles. Each bundle should be scored between 0 and 100 points. 
Note that the empty bundle is worth 0. The bundle containing all products is worth 100. 
Please fill in values for all intermediate bundles. In general, bundles Avith more goods 
should score higher than smaller, included bundles. However, you may enter any scores 
that you like. There are no right or wrong answers. LEGIBILITY COUNTS — IF IN 
DOUBT, PLEASE PRINT. The maiics in the right margin are for data entry. Do not be 
distracted by them. THEY MAY BE SAFELY IGNORED! 

Bundle Score 
<no brands> 0 

Adidas 
New Balance 
Nike 
Reebok 

Adidas - New Balance 
Adidas - Nike 
Adidas - Reebok 
New Balance - Nike 
New Balance - Reebok 
Nike - Reebok 

Adidas - New Balance - Nike 
Adidas - New Balance - Reebok 
Adidas - Nike - Reebok 
New Balance - Nike - Reebok 

Adidas - New Balance - Nike - Reebok 
100 
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Appendix G - Link Between Individual and Aggregate Share 

If one weights individual choice probabilities by purchase frequencies and 

sums over the entire population, market share obtains. Mathematically, the 

link is as follows (Cooper and Nakanishi 1988): 

1  " '  

M is 

This can be recognized as the first moment of a compound purchase 

frequency by choice probability distribution. Evaluating the double integral 

leads, immediately, to the following result: 

£(5,-) = -^, +cov(//,;r,)/// 

where £(5, ) = the expected market share for brand i 
// = mean purchase frequency per period per individual 
ji = mean population purchase frequency 
Ki = the individual choice probability for brand i 
^ = the mean population probability for brand i 
g(//,;r, ) = the joint density ftmction for // and ;r, 
cov(/i,;r, ) = the covariance between ^ and ;r, 

From this comes the finding that, normally, individual probabilities do not 

correspond with market shares. Equality is an unusual circumstance. It 
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only occurs when there is no covariance between purchase frequency and 

individual probability"^^. Where there is covariance, it can be either positive 

or negative. There is no way to determine the direction of the relationship 

between any individual and the market. For example, if purchase frequency 

and individual choice probability are positively correlated, the expected 

value of market share will exceed an individual's probability, etc.. 

If individual probabilities are homogeneous, then individual probabilities do equal market share. 
Similarly, where preferences are heterogeneous but purchase frequencies are homogeneous, individual 
probabilities sum to market share as an equally weighted average. 
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