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Abstract Satisficing is a central concept in both individual and social multiagent1

decision making. In this paper we first extend the notion of satisficing by formally2

modeling the tradeoff between costs (the need to conserve resources) and decision3

failure. Second, we extend this notion of “neo”-satisficing into the context of social4

or multiagent decision making and interaction, and model the social conditioning of5

preferences in a satisficing framework.6

Keywords Game theory · Satisficing · Conditional preferences · Multiple agents7

1 Introduction8

Rational decision making is among the most challenging of intellectual enterprises.9

The challenge is perhaps greatest in group settings where social influence exists among10

the individuals. In such cases, individuals may be motivated to extend concern beyond11

their own narrowly construed self-interest and consider the welfare of others as part of12

their own rational behavior. To accommodate this desire, individuals may wish to mod-13

ulate their preferences as a function of the social influence that others exert on them.14

This flexibility is not easily accommodated, however, if individuals are constrained to15

express their preferences with categorical linear orderings.16

We introduce two innovations that may help to mitigate this situation. First, we17

replace the classical linear preference ordering structure, which is designed to identify18
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optimal choices, with a preference structure that is designed to identify solutions19

that are “good enough,” or satisficing, and which provides a natural framework for20

negotiation and compromise. Second, we propose the use of conditional preference21

orderings, which enable individuals to modulate their preferences to respond to the22

social influence exerted by others.23

1.1 Satisficing concepts: individual and social24

Satisficing, as introduced by Simon as a model of bounded rationality (Simon 1955,25

1982), is motivated by the need to make decisions when informational or computational26

limitations render it impossible or impractical to apply conventional decision-theoretic27

formalisms. Simon’s essential idea is to test alternatives against a heuristic “aspira-28

tion.” Once an alternative is found that achieves the aspiration, it is deemed to be29

“good enough.”30

Perhaps an equally important, but far less studied, motivation for satisficing is31

that being “good enough” is a natural perspective for decision makers to adopt when32

seeking a compromise in social decision-making situations: what is best for me may33

not be best for you and vice versa, but there may nonetheless be a solution that is good34

enough for both of us. This suggests that satisficing is a socially amenable rationale35

for multiagent decision making, especially in social environments that move beyond36

narrow self-interest and pure competition.37

Simon is intentionally vague concerning the way aspirations are defined: “Aspi-38

rations are expectations—adjusted in the long run to realities—of the result that can39

reasonably be attained. They are not formed on the basis of detailed evaluation of40

alternative courses of action” (Simon 1982, p. 399). In other words, an aspiration41

generates a heuristic decision rule that corresponds to some fundamental notion of42

rational behavior. Perhaps the most widely applied concept of rational behavior is the43

heuristic notion that more is preferred to less, which underlies the aspiration that a44

solution is “good enough” if it is close enough to being optimal (i.e., it achieves the45

aspiration) to be acceptable. In other words, optimization is simply the mathematical46

formalization of the heuristic that more is preferred to less.47

Another concept of rational behavior that has not received great attention in the sat-48

isficing context is the heuristic notion of getting one’s money’s worth. This perspective49

is fundamentally different from the perspective that underlies the aspiration to approx-50

imate optimization. Rather than comparing alternatives against an external standard,51

it involves an internal standard by making comparisons between the effectiveness and52

efficiency of each alternative. With this notion of performance, an appropriate aspira-53

tion would be for concern for the effectiveness of an alternative to dominate concern54

for its inefficiency. Essentially, the content of our paper is to explain how this alterna-55

tive perspective can be formalized into a mathematical model that is as theoretically56

rigorous as is the mathematical model of optimization. Whereas Simon observed that57

a particular heuristic notion of what it means to be good enough can replace the cor-58

responding mathematical formalism (optimization); we go the other way. We start59

with a different heuristic notion of what it means to be is good enough and derive60

the corresponding mathematical formalism. Furthermore, we show how this formal-61
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ism naturally extends to multiagent decision scenarios. Our specific motivation is to62

develop a multiagent satisficing decision model that accommodates socially amenable63

concepts of behavior, including coordination, cooperation, compromise, altruism, and64

negotiation.65

We develop our approach using the classical game theoretic framework utilized in66

extant scholarship in multiagent decision making. Building on the theory introduced by67

von Neumann and Morgenstern (1947) and further advanced by Nash (1950, 1951),68

noncooperative game theory is well established as a rational means of multiagent69

decision making in environments where each individual is motivated by narrowly70

construed self-interest and seeks to identify best (utility maximizing) responses to all71

other individuals’ strategies. Under this scenario, each individual possesses a linear72

ordering over the outcomes. Given this utility structure, individual rationality dictates73

that individuals should adopt a constrained optimal solution under the assumption that74

other individuals behave similarly (e.g., Nash equilibrium).75

Our approach, however, utilizes an entirely different utility structure. Rather than76

making inter-alternative comparisons (comparisons between alternatives) as is done77

with traditional linear preference orderings, we advocate making intra-alternative com-78

parisons (comparisons within alternatives) by considering each alternative in terms two79

distinct attributes: its effectiveness in terms of achieving the objective without regard80

for the consumption of resources, and its efficiency in terms of conserving resources81

without regard for achieving the objective.82

The concept of separating attributes into different utilities is not new. Other scholars83

(Elster 1985; Harsanyi 1955; Margolis 1990; Sen 1990) have argued that it is unwise84

to aggregate conflicting interests into a single preference ordering. Expanding this85

line of reasoning, Steedman and Krause (1985) maintain that an individual, although86

an indivisible unit, is nevertheless capable of considering its choices from different87

points of view, and that separate utilities may be defined to correspond to different88

‘facets’ or ‘selves’ of an individual. Our approach is to follow (Steedman and Krause89

1985) and represent each agent by two selves, which effectively become the atoms90

of the decision problem. We view an individual X as the composite of a selecting91

self, denoted S, that evaluates alternatives in terms of effectiveness without concern92

for efficiency, and a rejecting self, denoted R, that evaluates alternatives in terms of93

inefficiency without concern for effectiveness.94

This approach was first introduced by Stirling (2003). However, that analysis was95

limited in that it did not take into account the fact that an individual’s utility is a96

function of the actions of others, not just its own action—a significant conceptual97

limitation. We introduce the term neo-satisficing to distinguish this extended concept.98

We retain the “satisficing” terminology because our usage is consistent with the issue99

that motivated Simon’s original usage: to identify options that are good enough. Our100

usage differs only in the operational definition of being good enough.101

Another central contribution of this paper is that we extend satisficing, or neo-102

satisficing, into the mathematical structure of conditional game theory, as developed103

by Stirling (2012) and Stirling and Felin (2013).1 When making decisions in a social104

1 For an in-depth review of Stirling (2012), see Ross (2014).
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environment, it is natural for an individual to take into consideration the opinions of105

others when forming her own opinions and preferences. Deciding agents are likely to106

be influenced by others for a number of reasons: they may like (or dislike, for that mat-107

ter) the others involved, they may value others’ opinions, or they may have an existing108

relationship with others (e.g., familial, friendship or professional). In such situations109

it becomes essential to consider expressions of preference that account for interests110

beyond the self, narrowly conceived. Thus we develop a formal decision model for111

multiagent satisficing decision making that enables individuals to express their pref-112

erences as functions of the interests of those who socially influence them, thereby113

enabling socially amenable concepts of behavior such as coordination, cooperation,114

compromise, altruism, and negotiation to be explicitly modeled.115

1.2 Related theories116

To account for social relationships that exist among the members of a collective,117

several innovations have been applied to classical game theory. Behavioral game the-118

ory (Bolton and Ockenfels 2005; Fehr and Schmidt 1999; Sen 1990; Camerer 2003,119

2004b; Camerer et al. 2004a; Henrich 2005) is a response to the need to introduce120

psychological realism and social influence into game theory by incorporating notions121

such as fairness and reciprocity into the utilities, in addition to considerations of mate-122

rial benefit. The closely related field of psychological game theory (Geanakoplos et al.123

1989; Dufwenberg and Kirchsteiger 2004; Colman 2003; Battigalli and Dufwenberg124

2009; Gilboa and Schmeidler 1988) also employs utilities that account for beliefs as125

well as actions and takes into consideration belief-dependent motivations such as guilt126

aversion, reciprocity, regret, and shame. Bacharach (1999, 2006) and Sugden (1993,127

2000, 2003) have studied the concept of team reasoning, where individuals move back128

and forth between evaluating choices from the perspective of their individual utilities129

and from the perspective of group-level utility. Regardless of the issues used to define130

the preferences, however, these approaches to multiagent decision making differ from131

ours in that they use linear preference orderings over the outcomes and, therefore, the132

solution concepts used by classical game theory continue to apply.133

Satisficing has largely received attention at the level of individual decision making,134

although a few approaches have extended the notion to the multiagent case. Pazgal135

(1997) studies mutual interest games and establishes conditions under which satisficing136

solutions can lead to Pareto dominant cooperative outcomes. Bendor et al. (2009))137

address the multiagent case by designing aspiration criteria to distinguish between138

“good” and “bad” action profiles, and establish conditions for the existence of a set of139

“good” profiles that contain a Pareto optimal solution. Both of these approaches are140

significantly different from ours. They are fundamentally heuristic and are based on141

the standard Simonian notion that “good enough” is an approximation to optimality.142

We note that our approach has some links with extant work on multiattribute deci-143

sion making (Dyer and Sarin 1979; Keeney and Raiffa 1976; Lam et al. 2013). For144

example, in this domain Busemyer and Towsend (1993) have emphasized how trade-145

offs and uncertainty impact preferences and emergent choices. More recently Bhatia146

(2013) has studied how highly accessible attributes in a multi-alternative setting impact147
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decision making over time. Though our work features some natural links to this work148

on multiattribute decision making, there are also some differences. Specifically, multi-149

attribute decision theory involves making value tradeoffs between the achievement of150

one objective at the expense of another objective. A common way for a single decision151

maker to approach this problem is to view each objective as a distinct agent with a152

single attribute. The agents must collectively choose an alternative that achieves Pareto153

efficiency by each making its own evaluation over the set of alternatives. However,154

there are no direct comparisons made among the agents. With a neo-satisficing multia-155

gent decision making scenario, each agent is separated into two selves and intra-agent156

comparisons are made for each alternative. Those alternatives that survive the com-157

parison test are deemed to be satisficing. However, there are no direct comparisons158

made among the alternatives. Thus, although the two concepts have conceptual simi-159

larities, they also have significant differences, and applying our concept of satisficing160

to multiattribute decision making is not the focus of this paper.161

The decision-making concept that is perhaps closest to our neo-satisficing approach162

is some form of cost-benefit analysis (CBA), which might be used to, say, justify163

investing funds for projects under consideration by government agencies or private164

organizations. However, there are some important differences between CBA and our165

neo-satisficing approach. First, CBA requires a common unit of measurement, which166

requires all human economic, moral, health, and other such issues to be expressed in167

terms of a common transferable medium, such as money. Second, even though multiple168

individuals may be involved in the analysis, they are not autonomous decision makers169

with their own alternative sets. Rather, there is one alternative set—the collective must170

act as a unit to make a single choice. Consequently, the CBA decision problem is a171

social choice problem rather than a game in the usual sense. Third, CBA is, at the172

end of the day, a heuristic-based form of analysis. There is no implication that a CBA173

decision is optimal in any sense. In fact, it may not comply with Pareto optimality since174

the welfare of some participants may be improved while the welfare of others may be175

reduced (see Kaldor 1939; Hicks 1939). It can also be shown that attempts to remedy176

this problem via side payments can actually reverse the decision (see Scitovsky 1941).177

2 An alternate perspective178

When making performance evaluations, there are three distinct degrees of compari-179

son: superlative, comparative, and positive. By definition, optimization-based decision180

theory is of the superlative degree: only the best is satisfactory. Decisions based on181

heuristics are of the positive degree: the choice meets a criterion that defines what it182

means to be ‘good.’ Arguing that a choice is ‘good enough,’ according to Simonian183

satisficing, is a coarsening of the superlative degree on the one hand (settling for being184

approximately best), and a refinement of the positive degree on the other (good enough,185

not just good). What might be of real interest, however, is a non-heuristic definition186

of performance that is distinct from the superlative and positive degrees and qualifies187

as a true instantiation of the comparative degree. We might ask the question: Does188

there exist a means of evaluation that does not derive from either the superlative or189

the positive notions of quality? If so, then it must be formulated in a way that avoids190
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linear preference orderings over alternatives and is not based on heuristics. It must191

have a mathematical foundation that is as rigorous (albeit different) as the mathemati-192

cal foundation of optimization. Identifying such a methodology requires a perspective193

different from the traditional optimization-based point of view.194

Generally, the interests of all agents in a multiagent decision problem will not coin-195

cide, and a compromise must be achieved. When seeking a compromise, attention196

shifts, at least to some degree, from insisting on a solution that maximizes success197

to settling for a solution that at least avoids failure. Indeed, even from Simon’s per-198

spective on satisficing, the aspiration level can be viewed as establishing minimum199

requirements, which is tantamount to establishing criteria for avoiding failure.200

Addressing a decision problem from the perspective of avoiding failure provides201

flexibility that is difficult to achieve under the perspective of optimization. In particular,202

it allows us to distinguish between what (Unger 1975, p. 55) calls absolute (limit) and203

relative (degree) terms. “Semantically, we may say that our absolute terms indicate,204

or purport to denote, an absolute limit. This limit is approached to the extent that the205

relevant relative property or properties are absent in the thing to which one might206

sensibly apply the absolute term, or its correlative relatives [emphasis in original].”207

Superlative concepts such as “best” and “worst” are clearly absolute terms. Terms such208

as “success” and “failure,” on the other hand, can be seen as degree terms, and admit209

different levels of compliance. If one does not achieve the best possible result, then210

one fails, at least from the perspective of optimization. But, the degree of failure—if211

the chosen solution were second best—is not as severe as it would be if the chosen212

solution were worst. Thus, if we wish to view a decision problem from the failure213

avoidance perspective, we would be wise to avoid using absolute terms.214

The practical perspective of avoiding failure is analogous to the epistemological215

perspective of avoiding error, and it may be instructive to learn from epistemologists216

who have addressed this issue. In particular, the views of William James and Isaac Levi217

are relevant. James (1956) argues that the quest for truth and the avoidance of error218

are fundamentally different ways of seeking knowledge.2 Levi (1980) builds James’s219

view and develops a pragmatic approach to knowledge acquisition as a decision-220

theoretic problem. He proposes two criteria with which to characterize propositions221

under consideration: the credal probability that quantifies the strength of belief that222

the proposition is true, and an information determining probability that quantifies the223

informational value that one would gain if the proposition were rejected, thereby per-224

mitting one to focus on propositions that are of more intrinsic value.3 These two criteria225

2 “There are two ways of looking at our duty in the matter of opinion … We must know the truth, and

we must avoid error—these are our first and great commandments as would-be knowers; but they are not

two ways of stating an identical commandment, they are two separable laws. … We may regard the chase for

truth as paramount, and the avoidance of error as secondary; or we may, on the other hand, treat the avoidance

of error as more imperative, and let truth take its chance” (James 1956, pp. 17,18). Landau and Chisholm

(1995) argue that this perspective is also relevant to organizational management: “The difference is not

simply semantic, it is that which distinguishes a success-oriented form a failure-avoidance management

[emphasis in original].”
3 Levi’s use of the idea of “probability” here is in the sense of a propensity; that is, the tendency or

disposition to yield an outcome of a certain kind.
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Table 1 Optimization vis à vis satisficing

Epistemological context Practical context

Optimization Demand the truth and

nothing but the truth

Demand the best and

nothing but the best

Neo-satisficing Acquire information

while avoiding error

Conserve resources while

avoiding failure

provide quantitative measures of the relative importance of truth and informational226

value.4 Those propositions for which the informational value of rejecting them dom-227

inates their credal value are eliminated from consideration, thereby permitting one to228

focus interest on those propositions that are either likely to be true (an inductive valua-229

tion) or which provide significant information (an abductive valuation). Levi replaces230

the conventional superlative epistemological mantra of “seeking the truth and only the231

truth” by the more flexible and conservative notion of “acquiring useful information232

while avoiding error.” Thus, rather than obstinately pursuing the bold, and perhaps233

temerarious demand for the truth and only the truth in the absence of compelling infor-234

mation, Levi’s approach offers a more cautious and prudent approach when there is235

insufficient evidence to definitively ascertain which of a set of propositions is the true236

one. One can at least eliminate some (and perhaps many) of them from serious consid-237

eration. But if the evidence is sufficiently compelling to reject all but one alternative,238

then one has, by default, identified the true proposition. In this way, Levi’s mechanism239

conforms to the perspective of favoring the avoidance of error over an intransigent240

demand for truth.241

Our neo-satisficing approach builds on Levi’s methodology by exploiting the anal-242

ogy between the epistemological notion of avoiding error and the practical notion243

of avoiding failure. To make the analogy complete, however, we require a practical244

equivalent to the epistemological concept of informational value. In the epistemo-245

logical context, information may be viewed as a resource that is consumed by not246

rejecting it. Accordingly, a natural practical equivalent is the consumption of practical247

resources, such as money, energy, time, exposure to hazard, the expenditure of eco-248

nomic, political, social, or moral capital, or any other quantities, material or otherwise,249

that are expended by the agents in the pursuit of their objectives. Rational behavior is250

thus expressed in terms of both effectiveness (i.e., avoiding failure) and efficiency (i.e.,251

conserving resources). Much of our contribution lies in migrating Levi’s theory from252

the epistemological domain to the practical domain. We also extend this concept to the253

multiple agent case (which Levi does not do). Table 1 summarizes the relationships254

between epistemological and practical concepts.255

4 The importance of interest relative to truth is emphasized by both Whitehead and Popper. “It is more

important that a proposition be interesting than that it be true. This statement is almost a tautology. For

the energy of operation of a proposition in an occasion of experience is its interest, and is its importance”

(Whitehead 1937, PartIV,ChapterXVI). “We must also stress that truth is not the only aim of science. We

want more than truth: what we look for is interesting truth [emphasis in original]” (Popper 1963, p. 229).

123

Journal: 11238-THEO Article No.: 9531 TYPESET DISK LE CP Disp.:2015/12/16 Pages: 30 Layout: Small-X

A
u

th
o

r
 P

r
o

o
f



un
co

rr
ec

te
d

pr
oo

f

W. C. Stirling, T. Felin

3 The neo-satisficing model256

3.1 Mathematical formulation257

We now formalize our notion of neo-satisficing. We expand the notion of utility from258

a mapping defined over a finite set A (the set of alternatives) of points, to a mapping259

over a set of sets—a Boolean algebra of subsets of the alternative set. Our goal is to260

identify a set of alternatives such that each is an acceptable solution. In multiagent261

settings, this set may then be subjected to further analysis and negotiation to arrive at262

a compromise. In the interest of clarity, however, we first develop the neo-satisficing263

model for single agents and then extend to multiagent scenarios.264

For a single agent X , let F denote a Boolean algebra of subsets of A and let US265

denote a failure avoidance (i.e., success achieving) utility such that, for any B ∈ F ,266

US(B) quantifies the degree to which focusing on the set B avoids failure.5 Also, let267

UR denote a resource consumption utility such that, for any B ∈ F , UR(B) quantifies268

the degree to which focusing on B consumes resources.269

An optimization-based approach would necessarily focus on singleton results, but a270

failure avoiding approach would relax that constraint and seek to identify alternatives271

that have good failure avoidance characteristics and low resource consuming charac-272

teristics. To proceed, we must define the structure of these utilities. We propose the273

following attributes of these functions:274

– Measures of both failure avoidance and resource consumption should be nonneg-275

ative and finite. Without loss of generality, we may restrict these utilities to range276

over the unit interval, that is, US: F → [0, 1] and UR: F → [0, 1].277

– Both US and UR should be monotonic; that is, if B1 ⊂ B2, then US(B1) ≤ US(B2)278

and UR(B1) ≤ UR(B2). This condition means that the larger the set, the greater the279

degree of both failure avoidance and resource consumption.280

– US(∅) = UR(∅) = 0. This condition establishes that the empty set can neither281

avoid failure nor consume resources.282

– US(A) = UR(A) = 1. This condition ensures that the entire alternative set com-283

pletely avoids failure and also consumes all resources.284

– The incremental value, either in terms of failure avoidance or resource consumption,285

of any two disjoint sets should be additive. That is, if B1 ∩ B2 = ∅, then the failure286

avoiding and resource consuming values of their union is equal to the sum of287

their respective individual failure avoiding and resource consuming values; that is,288

US(B1 ∪ B2) = US(B1) + US(B2) and UR(B1 ∪ B2) = UR(B1) + UR(B2).289

These conditions imply that UR and US possess the syntactical structure of prob-290

ability measures over F , although they do not possess the traditional semantic291

interpretations of probability.6 Instead, they are used to quantify resource consuming292

5 In the epistemological domain, the probabilistic analogue to this concept is that Prob(B) quantifies the

degree to which focusing on B avoids error.
6 The use of the probability syntax for utilities is not new. Berhold (1973) and Castagnoli and LiCalzi

(1996) have interpreted normalized utility functions as probability mass functions, and Abbas and Howard

(2005) and Abbas (2009) have applied the probability syntax to utilities for the study of multi-attribute

decision problems.
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and failure avoidance attributes. The larger the set B, the more failure is avoided but,293

also, the more resources are consumed. Thus, our approach is to choose a set B ∈ F294

that achieves a balance between avoiding failure and consuming resources. For any set295

B, UR(B) is the amount of resource consumed by focusing on B. UR(Bc) = 1−UR(B)296

is the amount of resource that is conserved by focusing on B. We define the utility of297

simultaneously avoiding failure and conserving resources by retaining B as the convex298

combination of UR(B) and UR(Bc), namely299

Ψ (B) = αUS(B) + (1 − α)UR(Bc), (1)300

where 0 ≤ α ≤ 1. The parameter α represents the relative importance of avoiding301

failure versus conserving resources. Setting α = 1 places a premium on avoiding302

failure; setting α = 1
2 places equal weight on conserving resources and avoiding303

failure; and setting α < 1
2 emphasizes conservation of resources over avoiding failure.304

Since utilities are invariant to scale and zero level, we may transform Ψ by a positive305

affine transformation of the form306

Φ(B) =
1

α
Ψ (B) −

1 − α

α
307

= US(B) − qUR(B), (2)308

where q = 1−α
α

. The function Φ is the satisficing utility. If we assume that F contains309

all singleton sets, then for any {a} ∈ F , Φ({a}) = uS(a) − qu R(a), where uS(a) =310

US({a}) and u R(a) = UR({a}) are mass functions, that is, uS(a) ≥ 0 and u R(a) ≥ 0311

for all a ∈ A, and
∑

a∈A uS(a) =
∑

a∈A u R(a) = 1. Thus,312

Φ(B) =
∑

a∈B

[

uS(a) − qu R(a)
]

. (3)313

The set that maximizes this utility comprises all of the alternatives for which the utility314

of avoiding failure dominates the inutility of consuming resources (as scaled by q).315

This is the satisficing set, defined as316

S = {a ∈ A: uS(a) ≥ qu R(a)}. (4)317

We interpret q as a boldness index. As q → 0 (i.e., α → 1), the penalty for consuming318

resources decreases, and X considers more alternatives as being acceptable. The larger319

q becomes, however, the more alternatives are rejected on the basis of inefficiency,320

and X becomes more willing to accept failure in the interest of conserving resources.321

Setting q = 1 establishes an equal balance between avoiding failure and conserving322

resources. The following theorem establishes sufficient conditions for the existence323

of a satisficing solution.324

Theorem 1 q ≤ 1 implies S 	= ∅.325

Proof If S = ∅, then uS(a) < qu R(a) for all a ∈ A, in which case,326
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Table 2 Epistemology-practical

analogical concepts
Epistemological context Practical context

Belief Effectiveness

Informative Efficient

Credal probability Selectability

Information determining probability Rejectability

1 =
∑

a

uS(a) < q
∑

a

u R(a) = q, (5)327

resulting in a contradiction. Thus, S must contain at least one element. ⊓⊔328

The satisficing set is analogous to what Levi (1980) terms the set of serious pos-329

sibilites. Essentially, we have migrated his concept of epistemic utility into a concept330

of practical utility by introducing practical analogies to the epistemological concepts.331

Just as a credal probability mass function is a measure of the degree of belief regarding332

a proposition without regard for its informational value, we shall term uS a selectability333

mass function as a measure of the degree to which an alternative achieves the objective334

without regard for the consumption of resources. And, just as an information deter-335

mining probability of a proposition is a measure of the degree to which information is336

conserved by rejecting it, u R is termed a rejectability mass function as a measure of the337

degree to which rejecting an alternative conserves resources without regard for achiev-338

ing the objective. Table 2 summarizes the relationships between epistemological and339

practical concepts.340

3.2 Quantitative evaluations341

Expressing evaluations according to selectability and rejectability permits qualitative342

analysis in addition to quantitative evaluations. Let N denote the cardinality of A and343

assume q = 1. If u R(a) = 1
N

(uS(a) = 1
N

) for all a ∈ A, then the rejecting (selecting)344

self is in a state of complete preference neutrality regarding efficiency (effectiveness).345

Qualitatively, if u R(a) < 1
N

then a is deemed to be efficient, and if uS(a) > 1
N

, then346

a is deemed to be effective. This suggests that we can partition outcomes into four347

general qualitative categories or dispositional modes:348

Gratification: uS(a) > 1
N

and u R < 1
N

(effective and efficient)349

Ambivalence: uS(a) > u R(a) > 1
N

(effective and inefficient)350

Dubiety: u R(a) < uS(a) < 1
N

(ineffective and efficient)351

Repulsion: uS(a) < u R(a) (not satisficing)352

These dispositional mode regions are illustrated in Fig. 1. Gratification and repulsion353

are qualitative modes of contentment, while dubiety and ambivalence are modes of354

conflict. These qualitative categories provide additional insight that is difficult to ascer-355

tain with optimization-based approaches. Under the optimization paradigm, although356

the decision maker may achieve the best possible outcome (whatever comfort that357
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Fig. 1 Dispositional regions: G

= gratification, A = ambivalence,

D = dubiety, R = repulsion
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knowledge affords), it may only be making the best of a bad situation. The qualitative358

assessments available with neo-satisficing, on the other hand, can alert the decision359

maker of limitations regarding its ability to cope adequately with the decision prob-360

lem and may trigger a re-evaluation of the scenario. For example, the agent may be361

motivated to seek assistance or advice if the dispositional mode is conflictive.362

4 Neo-satisficing in a social context363

Thus far we have provided a non-heuristic concept of satisficing for a single agent364

only, and we have not yet addressed another central issue that motivates our approach,365

namely the need to accommodate social influence relationships that may exist among366

the individuals. Furthermore, since the satisficing set will generally not be a singleton367

set, we must address the issue of how to choose a unique element from this set as the368

one to be implemented.369

Let X = {X1, . . . , Xn} be a group of autonomous decision-making agents, and370

let Ai denote X i ’s alternative set, i = 1, . . . , n. The joint alternative set is the n-fold371

Cartesian product set A = A1 × · · · × An . The elements of this set, which comprise372

vectors of the form a = (a1, . . . , an) with ai ∈ Ai , are called profiles. In terms of our373

satisficing development, we may express each X i as the composite of a selecting self,374

denoted Si , and a rejecting self, denoted Ri . We denote the selecting group as S =375

{S1, . . . , Sn} and the rejecting group as R = {R1, . . . , Rn}. We may also associate376

profiles with each of these groups. A selecting profile s = (s1, . . . , sn) ∈ A is a profile377

considered in terms of effectiveness, and a rejecting profile r = (r1, . . . , rn) ∈ A is a378

profile considered in terms of inefficiency.379

4.1 Categorical satisficing games380

Classical game theory assumes that each individual comes to a multiagent decision-381

making encounter with ex ante preferences that are fixed and immutable; they are382
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categorical. They represent the individual’s evaluation after taking into consideration383

all factors that could serve to benefit the individual.384

Expressing a multiagent decision problem in terms of selecting and rejecting selves385

offers a mechanism for implementing our goal of facilitating compromise and nego-386

tiation. In keeping with the classical approach of ascribing a utility to each agent,387

we may ascribe a utility to each self. Suppose that each Si possesses a selectability388

utility mass function, uSi
: A → [0, 1], that evaluates profiles in terms of achieving389

Si ’s objective of effective behavior and that each Ri possesses a rejectability utility390

mass function, u Ri
: A → [0, 1], that evaluates profiles in terms of achieving Ri ’s391

objective of conserving resources. These ex ante utilities are also categorical, since392

they represent the fixed opinions of the selecting and rejecting selves.393

Definition 1 A categorical satisficing game for a collective X comprises the sets S394

and R of selecting and rejecting selves, respectively; the product alternative set A;395

and the set of categorical utilities {uSi
, u Ri

, i = 1, . . . , n}.396

An obvious way to solve a categorical satisficing game is to apply the satisficing397

concept by computing the set of individually satisficing profiles, yielding398

Si = {a ∈ A: uSi
(a) ≥ qi u Ri

(a)}, (6)399

i = 1, . . . , n, where qi is X i ’s individual q-value.400

Definition 2 Given a collection {S1, . . . , Sn} of individually satisficing sets, the cat-401

egorical compromise is the intersection402

CX = S1 ∩ · · · ∩ Sn . (7)403

The categorical compromise the set of profiles that are simultaneously satisficing404

for all individuals. If CX contains multiple profiles, then ties can be broken by standard405

techniques. If CX = ∅, then, in an attempt to reach a compromise, the agents may406

decrement their q-values, thus allowing more alternatives to be satisficing. If enough407

agents are willing to incrementally reduce their satisficing standards in this way, a408

compromise will eventually be reached. If CX remains empty after all individuals409

have reached their decrementing limits, then a compromise cannot be reached.410

Example 1 (Tom and Martha) Suppose Tom and Martha are planning a party. Tom is411

in charge of selecting the venue, either the beach (b) or the country club (c). Thus,412

AT = {b, c}. Suppose that Martha is in charge of selecting the menu, either hamburger413

(h) or lasagna (l), yielding AM = {h, l}. Let Tom’s and Martha’s selecting and reject-414

ing selves be denoted ST SM , RT , and RM , respectively. The joint alternative set is415

A = AT × AM = {(b, h), (b, l), (c, h), (c, l)}. Natural operational definitions for the416

selecting and rejecting utilities would be the enjoyment of the planners and the cost417

of the party, respectively. Numerical values for these utilities are displayed in Table 3.418

Setting boldness values at qT = qM = 1 and applying (6), the satisficing set for Tom419

is ST = {(b, h), (c, h)} and the satisficing set for Martha is SM = {(b, l), (c, l)}. At420

these boldness values, CT M = ∅, but a compromise could be achieved if, say, Tom421

were to reduce qT to 2
3 , yielding CT M = {(b, l)}.422
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Satisficing, preferences, and social interaction: a new perspective

Table 3 Categorical selecting

and rejecting utilities for Tom

and Martha

(b, h) (b, l) (c, h) (c, l)

uST
0.4 0.2 0.2 0.2

u RT
0.1 0.3 0.2 0.4

uSM
0.0 0.5 0.0 0.5

u RM
0.1 0.3 0.2 0.4

4.2 Conditional satisficing games423

As is the case with traditional game theory, the satisficing model developed with (6) and424

(7) is based on the concept of narrowly construed self-interest, where each individual425

is concerned for its own welfare, regardless of the possible effect on others. This model426

of rational behavior may be appropriate in an environment of pure competition where427

the only concern is for one’s material benefit. But as (Arrow 1986, p. 203) has noted,428

“ Rationality in application is not merely a property of the individual. Its useful and429

powerful implications derive from the conjunction of individual rationality and other430

basic concepts of neoclassical theory—equilibrium, competition, and completeness431

of markets. …When these assumptions fail, the very concept of rationality becomes432

threatened, because perceptions of others and, in particular, their rationality become433

part of one’s own rationality.”434

In social environments, expanded notions of rational behavior may include social435

objectives such as cooperation, compromise, and altruism, or even such antisocial436

objectives as conflict, avarice, meanness, and manipulation. A social objective, how-437

ever, cannot be easily expressed directly as a material payoff or other tangible or easily438

quantifiable reward. Rather, it is more naturally expressed by individuals evaluating439

their material benefit in terms of the social influence that others exert on them. An440

individual whose concept of rational behavior includes achieving social objectives as441

well as material objectives may do so by dynamically modulating their material objec-442

tives in response to social influence. Our approach is to expand the utility structure to443

accommodate an expanded notion of self-interest, where individuals incorporate the444

interests of others into their own rationality.445

A natural way for one to respond to the interests of others is to structure one’s446

preferences as hypothetical propositions of the form if p then q, where the antecedent447

p is a hypothetical conjecture and the consequent q is the response. We demonstrate448

this structure with the following example: Suppose the preferences of S1 are influenced449

by the interests of R2, that is, X2’s concern for conserving resources exerts influence450

on X1’s interest in effectiveness. Then S1 could respond to this influence by defining451

a conditional utility of the form uS1|R2(s1|r2), where the profile r2 on the right side452

of the conditioning symbol “|” is the hypothesis that R2 views that profile as the one453

that should or will be chosen by the group. This is the antecedent. The profile s1 on454

the left side of the conditioning symbol is the profile under consideration by S1, and455

the consequent uS1|R2(s1|r2) is S1’s resultant utility of s1, given that R2 hypothesizes456

r2. S1 can account for R2’s influence by defining its response for each s1 ∈ A for all457

r2 ∈ A. We now formalize this concept.458
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Graph theory provides a powerful and expressive way to represent the relationships459

that exist among a collective of individuals. A graph comprises a pair (Z, E), where Z460

is a finite set of vertices (individuals) and E is a set of edges (influence relationships)461

linking pairs of vertices. If Z j is directly influenced by Zi but Z j does not directly462

influence Zi , then there is a directed edge, denoted “→” from Zi to Z j . A path from463

Zi to Z j is a sequence of vertices {Zi , Zk1 , Zk2 , . . . , Z j } such that Zi → Zk1 →464

Zk2 → · · · → Z j . We write Zi �→ Z j if there is a path from Zi to Z j . If there are no465

paths such that Zi �→ Zi for any i , the graph is said to be acyclic; if, in addition, all466

edges are directed, (Z, E) is a directed acyclic graph, or DAG. The set of all vertices467

that influence Zi is called the parent set of Zi , denoted pa (Zi ). If a vertex has no468

parents, it is called a root vertex. A DAG of course must necessarily have at least one469

root vertex.470

Definition 3 Let m = 2n, define471

Z = {Z1, . . . , Zm} = {S1, . . . , Sn, R1, . . . , Rn}, (8)472

and let pa (Zi ) = {Zi1 , . . . , Zi pi
} ⊂ Z denote the subset of Z consisting of the473

qi selves that exert social influence on Zi . A profile zi ∈ A is a conjecture for Zi474

if zi is the profile that is under consideration for Zi as the one that should or will475

be implemented. A joint conjecture is a set of profiles (z1, . . . , zm), where zi is a476

conjecture for Zi .477

A conditioning conjecture for pa (Zi ) is a set of profiles ζ i = (zi1 , . . . , ziqi
), where478

zik
is a conjecture for Zik

, k = 1, . . . , qi . A conditional utility, denoted uZi | pa (Z)(zi |ζ i ),479

is the consequent of a hypothetical proposition whose antecedent is the conditioning480

conjecture ζ i for pa (Zi ). If qi = 0, then Zi is not socially influenced and possesses481

a categorical utility, denoted uZi
.482

Conditional utilities are mass functions, that is, uZi | pa (Z)(zi |ζ i ) ≥ 0 for all zi ∈ A483

and
∑

zi ∈A uZi | pa (Z)(zi |ζ i ) = 1 for all ζ i ∈ Api = A × · · · × A (pi times).484

A conditional utility quantifies the amount selectability utility mass (if Zi ∈ S) or485

rejectability utility mass (if Zi ∈ R) that Zi ascribes to zi , given the hypothesis (i.e.,486

conditioning conjecture) that each Zik
∈ pa (Zi ) ascribes its entire unit of utility mass487

to zik
. Specifically, let488

σ i = (si1, . . . , si pi
, rk1 , . . . , rkri

) (9)489

denote the conditioning conjecture for490

pa (Si ) = {Si1 , . . . , Si pi
, Rk1 , . . . , Rkri

},491

and let492

ρ j = (s j1, . . . , s jt j
, rl1 , . . . , rlv j

) (10)493

denote the conditioning conjecture for494

pa (R j ) = {S j1, . . . , S jt j
, Rl1 , . . . , Rlv j

}.495

The utility mass functions uSi | pa (Si ) and u R j | pa (R j ) are conditional selectability utility496

and conditional rejectability utility mass functions for Si and R j , respectively. If497
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pa (Si ) = ∅, then uSi | pa (Si ) = uSi
, a categorical utility. Similarly, if pa (Ri ) = ∅, then498

u Ri | pa (Ri ) = u Ri
.499

1
Definition 4 A conditional satisficing game for a collective X comprises the sets500

S and R of selecting and rejecting selves, respectively; the product alternative set501

A; and the collections {uSi | pa (Si ), u Ri | pa (Ri ), i = 1, . . . , n} of conditional utilities. If502

the influence relationships among the elements of S and R contain no cycles, then503

the collective may be represented by a DAG where the vertices correspond to the504

selecting and rejecting selves and the edges correspond to the conditional utilities.505

Such a collective is a hierarchical satisficing game.506

It will sometimes be convenient to express a satisficing game using the alternate507

notation Z and the collections {uZi | pa (Zi ), i = 1, . . . , m} as introduced in Definition508

3.509

4.3 Satisficing solution concepts510

The introduction of conditional utilities offers the possibility of developing new511

solution concepts for satisficing games. Certainly one could revert to traditional512

game-theoretic concepts such as equilibrium-based solutions, but doing so would513

not comport with our objective of establishing an approach that favors compromise514

and negotiation over constrained optimization. A concept that is compatible with this515

objective is the creation of a social model for the group as a function of the social516

relationships as expressed with the conditional utilities.517

In the course of a social engagement, the individual ex ante conditional preferences518

will propagate through the collective. As the individuals interact, social relationships519

will be formed, resulting in a complex social structure. The result is a comprehensive520

social model that accounts for all of the relationships that exist among the individuals.521

For a group whose conditional preferences dispose them to cooperate, the interests of522

the individuals will tend to align in a positive, or reinforcing, way. For a group whose523

conditional preferences dispose them to conflict, such as would be the case for athletic524

contests or military engagements, the alignment of interests would be negative, that525

is, in opposition. In either case, such a social model would provide a comprehensive526

description of the propensity of the collective to coordinate.527

Although sometimes used synonymously in common vernacular, coordination and528

cooperation are distinct concepts. Individuals may cooperate (or conflict) to pursue529

their own narrow self-interest without the existence of a group-level objective (e.g., the530

Prisoner’s Dilemma), but coordination involves more than narrowly construed self-531

interest. According to the Oxford English Dictionary, “[to coordinate] is to place or532

arrange (things) in proper position relative to each other and to the system of which533

they form parts; to bring into proper combined order as parts of a whole” (Murray534

et al. 1991). A collective coordinates to the extent that the interests of the individuals535

correspond, or conform, to some degree of systematic group-level behavior, either536

positively or negatively. At one extreme, all of the participants would have the same537

most preferred profile (which may be conflictive), and the coordination of that set of538

profiles would be high. At another extreme, each individual would have a different539

most preferred profile, and the coordination of that set of profiles would be low. Thus,540
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it would be desirable to combine, or aggregate, the conditional utilities to produce541

a coordination ordering over all possible joint conjectures for each individual. Such542

an aggregation would provide a quantitative measure of the degree of alignment of543

individual interests and would enable the assessment of such social characteristics as544

the seriousness of disputes and the possibilities of compromise.545

Aggregation is a central concept of social choice theory, where the individual pref-546

erences over a single set of alternatives are combined to form a choice function for the547

group. The concept of aggregation is less relevant to conventional game theory, how-548

ever, since in that context each individual is endowed with its own set of alternatives549

from which it may autonomously choose, and the notion of group choice or group550

preference is generally eschewed: “It may be meaningful, in a given setting, to say551

that a group ‘chooses’ or ‘decides’ something. It is rather less likely to be meaningful552

to say that the group ‘wants’ or ‘prefers’ something” (Shubik 1982, p. 124). This senti-553

ment may be appropriate when narrow self-interest dominates individual behavior and554

pure competition is the operative social climate. But in more general settings, where555

individuals have social as well as material interests, systematic group-level behav-556

ior may emerge as socially motivated individuals interact, thereby creating a social557

climate that enables cooperation, compromise, altruism, and negotiation to occur. Fur-558

thermore, the concept of aggregation that we advocate is not merely to define a choice559

function. Rather, our concept is to generate an emergent notion of group preference560

over the set of all joint conjectures as a result of social influence expressed in terms561

of the degree of alignment that exists among their individual conjectures.562

Definition 5 The preferences of a collective X , expressed in terms of a collective of563

selecting and rejecting selves {S1, . . . , Sn, R1, . . . , Rn}, is endogenously aggregated564

if there exists a function UX : Am → R (recall that m = 2n), termed a coordination565

utility, of the form566

UX (s1, . . . , sn, r1, . . . , rn)567

= f [uSi | pa (Si )(si |σ i ), u R j | pa (R j
(r j |ρ j ), i, j ∈ {1, . . . , n}] , (11)568

where f is yet to be defined.569

Endogeny precludes the possibility that the aggregation structure is imposed from out-570

side the group. Rather, it must emerge as a consequence of the influence relationships571

that exist among its members.572

4.3.1 Social coherence573

The purpose of the coordination utility is to provide an ordering over all combinations574

of joint selecting-rejecting conjectures. For such an ordering to be meaningful, it must575

comply with what is perhaps the only universally accepted notion of group preference,576

the Pareto principle: If every member of a group views an alternative as best for it,577

then that alternative is best for the group.578

Suppose each member of Z = {Z1 . . . , Zm} (see Definition 3) were to possess a579

categorical utility uZi
, and suppose further that uZi

(z∗) > uZi
(z) for all z ∈ A\{z∗}580
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and for all i ∈ {1, . . . , m}. Then the Pareto principle requires that581

UX (z∗, . . . , z∗) > UX (z1, . . . , zm) ∀(z1, . . . , zm) ∈ A
m\{(z∗, . . . , z∗)} . (12)582

Now suppose that Zi views a particular profile z∗ as its most preferred solution. That583

profile, although perhaps not the one that maximizes the coordination utility, should not584

be barred from consideration just because it is best for Zi . In other words, there should585

be no categorical discrimination against any member of the community. This form of586

discrimination is related to the notion of suppression, as discussed by Hansson (1972)587

and Fishburn (1973). An individual is suppressed if, whenever it prefers alternative a588

to a′, the group chooses a′ over a. We extend this notion as follows:589

Definition 6 Suppose there exists a conjecture z∗ ∈ A such that590

uZi
(z∗) > uZi

(z) ∀z ∈ A\{z∗}, (13)591

but592

UX (z1, . . . , zi−1, z∗, zi+1, . . . , zm) < UX (z1, . . . , zi−1, zi , zi+1, . . . , zm) (14)593

for all zi ∈ A\{z∗} and all (z1, . . . , zi−1, zi+1, . . . , zm) ∈ Am−1. Zi is said to be594

subjugated. The aggregation defined by (11) is said to be socially coherent if no Zi595

can be subjugated.596

If Zi is subjugated, then, whenever z∗ is Zi ’s most preferred profile, the coordination597

utility of any joint conjecture for which Zi ’s individual conjecture is z∗ is less than the598

coordination utility of the corresponding joint conjecture with Zi ’s conjecture replaced599

by any zi 	= z∗. In particular, suppose that each individual (including Zi ) views z∗ as600

best for it. But if Zi is subjugated, then601

UX (z∗, . . . , z∗) < UX (z∗ . . . , z∗, zi , z∗, . . . , z∗) ∀zi 	= z∗, (15)602

which contradicts (12). Thus, social coherence is required for the coordination utility603

to comply with the Pareto principle.604

4.3.2 Aggregation605

Our objective is to establish necessary and sufficient conditions to ensure socially606

coherent aggregation. We address this issue by recognizing that an isomorphic rela-607

tionship exists between the concept of subjugation in the practical domain and the608

concept of sure loss in the epistemological domain. A sure loss is a so-called Dutch609

book gamble such that the gambler loses regardless of the outcome of the gamble.610

Theorem 2 (Dutch Book Theorem) Suppose a gambler places a bet to win a payout611

of S. A fair entry fee for this gamble is pS, where p is the gambler’s degree of belief612

of winning.613
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(Necessity) If p violates the probability axioms, then it is possible to construct a bet614

such that the payout is less than the entry fee—a sure loss.615

(Sufficiency) If p conforms to the probability axioms, then it is not possible to construct616

a bet such that the gambler sustains a sure loss.7617

The relevance of the Dutch Book Theorem regarding coherent aggregation established618

by the following lemma, which is proved in Appendix 1:619

Lemma 1 Subjugation is isomorphic to sure loss.620

One of the main features of probability theory is that the statistical dependencies for621

a collective of discrete random variables can be expressed via a DAG whose vertices622

are the random variables and whose edges are conditional probabilities. Such a graph623

is a Bayesian network (Pearl 1988; Cowell et al. 1999; Jensen 2001). Consequently,624

if there is to be more than a metaphorical relationship between probability theory and625

utility theory, we must restrict social influence to be acyclic; that is to hierarchical626

games. This restriction limits the generality of our approach. Nevertheless this model627

still represents an important generalization from mutual social independence, where628

all agents possess categorical utilities and thus all social relationships are trivially629

acyclical. The following theorem establishes conditions for socially coherent aggre-630

gation:631

Theorem 3 (The aggregation theorem) Let X be a hierarchical satisficing game as632

defined by Definition 4. The coordination utility is a socially coherent aggregation if,633

and only if,634

UX (s1, . . . , sn, r1, . . . , rn) =

n
∏

i=1

n
∏

j=1

uSi | pa (Si )(si |σ i )u R j | pa (R j )(r j |ρ j ). (16)635

Proof By the Dutch Book Theorem, sure loss cannot occur if, and only if, all belief636

functions are probability mass functions and if beliefs are combined according to the637

axioms of probability theory. Thus, by the isomorphism established by Lemma 1,638

subjugation cannot occur if all utility functions possess the mathematical structure639

of probability mass functions and are combined and manipulated according to the640

mathematical syntax of probability theory. Thus, a hierarchical satisficing game is641

isomorphic to a Bayesian network.642

A fundamental property of Bayesian networks is the Markov condition: nondescen-643

dent nonparents of a vertex have no influence on the vertex, given the state of its parent644

vertices (Cozman 2000). Consequently, if a collective is isomorphic to a Bayesian net-645

work, the conditional utility of a self is dependent only upon the preferences of its646

parents. Thus we may apply the fundamental theorem of Bayesian networks, namely647

that the joint mass function of the vertices is the product of the conditional mass func-648

tions of all non-root vertices and the marginal mass functions of all root vertices (Pearl649

7 Necessity (the original theorem) was independently established by de Finetti (1937) and Ramsey (1978),

and sufficiency (the converse theorem) was independently established by Kemeny (1955) and Lehman

(1955).
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Satisficing, preferences, and social interaction: a new perspective

1988; Cowell et al. 1999; Jensen 2001). Stated another way, (16) is an application of650

the chain rule of probability. Consequently, (16) is satisfied and social coherence is651

established. ⊓⊔652

This theorem does not mean that if the utilities are not structured according to the653

theorem, then subjugation of individual preferences is sure to occur. Rather, it means654

that if the utilities are so structured and aggregated, then subjugation is impossible.655

This weak notion of equity is a minimal requirement for meaningful negotiations656

to be possible. Essentially it ensures that no individual is a victim of categorical657

discrimination. Each individual has a “seat at the table” in the sense that it is at least658

theoretically possible for its most preferred profile to be the one most preferred by the659

collective as well.660

This aggregation structure is syntactically identical to the way conditional proba-661

bility mass functions are aggregated to form a joint probability mass function for a662

collective of random vectors. Although the semantics are different, this theorem estab-663

lishes that the preferential influence among the selves propagates through the system664

to create a social model in exactly the same way that probabilistic dependence among665

a set of random vectors propagates through the collective to create a joint distribution.666

4.4 Sociation667

Thus far our development has assumed the full generality of conditioning, namely668

that a conditional utility depends on the entire conjecture profiles of all of the parents669

and that the conditional utility is a function of all elements of the profile. This fully670

general model can be extremely complex since each self is under obligation to define671

its preferences for every possible joint conjecture of its parents. A possible criticism672

of this approach is that it is unduly complex; however, it need not be more complex673

than is necessary to characterize the relevant social relationships.8 Fortunately, there674

are practical ways to mitigate complexity. Although it is necessary for the theory to675

have the ability to accommodate maximal complexity, it can be the case that a self676

does not condition its preferences on the entire conjecture profiles of its parents. It can677

also be the case that a self’s utility does not depend upon the entire profile. To account678

for such situations, we introduce the notion of sociation. It is convenient to develop679

this concept in terms of the alternate notation introduced in Definition 3, where Zi680

denotes either Si or Ri , and zi denotes the corresponding si or ri .681

Suppose Zi has pi > 0 parents pa (Zi ) = {Zi1 , . . . , Zi pi
}, with conditioning con-682

jecture ζ i = (zi1 , . . . , ziqi
) and conditional utility uZi | pa (Zi )(zi |ζ i ). A conditioning683

conjecture subprofile for Zi , denoted ζ̂ i , is the subset of ζ i that influences Zi ’s con-684

ditional utility. We then have685

8 “Complexity is no argument against a theoretical approach if the complexity arises not out of the theory

itself but out of the material which any theory ought to handle” (Palmer 1971, p. 184).
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uZi | pa (Zi )(zi |ζ i ) = uZi | pa (Zi )(zi |ζ̂ i ). (17)686

Zi is completely conditioning conjecture sociated if ζ̂ i = ζ i . Zi is completely con-687

ditioning conjecture dissociated if ζ i = (zi1 , . . . , ziqi
), that is, the influence Zik

exerts688

on Zi is with respect to only Zik
’s component of zik

. If Zi is completely conditioning689

conjecture dissociated, then690

uZi | pa (Zi )(zi |ζ i ) = uZi | pa (Zi )(zi |zi1, . . . , zi pi
). (18)691

Otherwise, Zi is partially conditioning conjecture dissociated.692

A utility subprofile, denoted z̃i , comprises the subset of the elements of zi that693

affect Zi ’s utility. We then have694

uZi | pa (Zi )(zi |ζ̂ i ) = ũZi | pa (Zi )(z̃i |ζ̂ i ), (19)695

where ũ denotes u with the dissociated elements of its argument removed. Zi is696

completely utility sociated if z̃i = zi . Zi completely utility dissociated if z̃i = zi , that697

is, if Zi ’s preferences are with respect to its own actions only, rather than for the entire698

profile. We then have699

uZi | pa (Zi )(zi |ζ i ) = ũZi | pa (Zi )(zi |ζ̂ i ). (20)700

Otherwise, Zi is partially utility dissociated.701

Zi is completely dissociated if it is both completely conditioning conjecture disso-702

ciated and completely utility dissociated, in which case,703

uZi | pa (Zi )(zi |ζ i ) = ũZi | pa (Zi )(zi |zi1 , . . . , zi pi
). (21)704

(The original treatment of satisficing games, as developed in Stirling (2003), was705

limited to the completely dissociated case).706

Complete sociation is the standard assumption with classical game theory, where707

the utilities of all individuals are functions of the entire profile of possible actions of708

all individuals. For many applications, however, an individual’s interest may be with709

respect to its own individual action, as illustrated in the following example:710

Example 2 (Tom and Martha (Continued)) We continue with the Tom and Martha711

party example introduced in Example 1, where AT = {b, c}, AM = {h, l}, and712

A = {(b, h), (b, l), (c, h), (c, l)}. Let us suppose that Tom’s selecting and reject-713

ing selves have categorical preferences of the form uST
(sT ) and u RT

(rT ), respectively,714

but that Martha is amenable to adjusting her notion of benefit as a function of Tom’s715

preferences, and thus possesses conditional selecting and rejecting utilities of the form716

uSM |ST RT
(sM |sT , rT ) and u RM |ST RT

(rM |sT , rT ). The coordination utility is then717

UT M(sT , sM , rT , rM) =718

uST
(sT )uSM |ST RT

(sM |sT , rT )u RT
(rT )u RM |ST RT

(rM |sT , rT ). (22)719
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Satisficing, preferences, and social interaction: a new perspective

Fig. 2 The DAG for the Tom

and Martha party ST
uSM |ST

SM

RT RM

Now suppose further that both of Tom’s selves are only concerned with the loca-720

tion. Also, suppose that Martha’s rejecting self is concerned only with the menu, and721

her selecting self preferences regarding both location and menu are influenced only722

by Tom’s preferences for location. In this case, Tom’s selecting and rejecting selves723

are both completely dissociated, Martha’s rejecting self is completely dissociated, and724

her selecting self is partially utility sociated and completely conditioning conjecture725

dissociated. Under these assumptions, Tom’s selecting and rejecting utilities are a726

functions of location only, and Martha’s rejecting utility is a function of menu only.727

Martha’s conditional selecting utility is a function of both location and menu as influ-728

enced only by Tom’s preferences regarding location. The coordination utility for this729

partially dissociated scenario is730

UT M(sT , sM , rT , rM) = ũST
(sT )ûSM |ST

(sM |sT )ũ RT
(rT )ũ RM

(rM). (23)731

It is important to appreciate the distinction between (22) and (23). In (22), the conjec-732

tures sT , sM , rT , and rM are all elements of AT ×AM , but in (23), sT and rT are elements733

of AT , rM is an element of AM , but sM is an element of AT × AM . To emphasize this734

distinction, let us write Martha’s selecting conjecture as sM = (ςT , ςM). Although sT735

and ςT are both selecting conjectures for Tom, sT is Tom’s selecting conjecture for736

himself, but ςT is Martha’s selecting conjecture for Tom. We may rewrite (23) as737

UT M(sT , ςT , ςM , rT , rM) = ũST
(sT )ûSM |ST

(ςT , ςM |sT )ũ RT
(rT )ũ RM

(rM). (24)738

The DAG corresponding to this model is illustrated in Fig. 2. Notice that pa (SM) =739

{ST } and pa (ST ) = pa (RT ) = pa (RM) = ∅.740

This example illustrates the role of dissociation. The fully sociated coordination741

utility for Tom and Martha is a function of eight independent variables and assumes742

256 values, but the dissociated coordination utility is a function of five independent743

variables and assumes only 32 values—an eightfold reduction in complexity from the744

fully sociated version.745

5 Compromise and negotiation746

By viewing an individual as the composite of two distinct selves, we open the pos-747

sibility of developing an approach to decision making that takes advantage of this748

refinement. However, although the decision problem may be expressed in terms of749

separate selves, these selves are not empowered to act individually; they simply repre-750

sent facets of X i . Thus, to solve a satisficing game we must define a solution concept751
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for X i . Our approach is to exploit the isomorphic relationship of the coordination752

utility to a joint probability mass function and compute the ex post marginal utilities753

for the individuals and for the group. These marginals can then be used to define754

satisficing sets for the individuals and for the group, which can serve as the basis for755

compromise and negotiation.756

5.1 Individual satisficing757

Definition 7 Let si and ri denote the i th elements of the profiles si and ri , respectively.758

The individual selectability utility and individual rejectability utility functions, denoted759

wSi
and wRi

, are obtained by summing the coordination utility over all arguments760

except the si and ri , respectively, yielding761

wSi
(si ) =

∑

∼si

UX (s1, . . . , sn, r1, . . . , rn) (25)762

wRi
(ri ) =

∑

∼ri

UX (s1, . . . , sn, r1, . . . , rn), (26)763

764

where the notation
∑

∼ai
means that for any function g(a1, . . . , ak), the sum is taken765

over all arguments except ai , that is,766

∑

∼ai

g(a1, . . . , ak) =
∑

a j : j 	=i

g(a1, . . . , ak).767

The individually satisficing set, denoted768

Σi = {ai ∈ Ai : wSi
(ai ) ≥ qiwRi

(ai ), (27)769

is the set of all alternatives in Ai that are satisficing for X i . The satisficing rectangle770

is the Cartesian product of the individually satisficing sets, denoted771

RX = Σ1 × · · · × Σn . (28)772

5.2 Group satisficing773

The existence of a comprehensive social model in the form of a coordination utility774

generates an emergent notion of group preference. However, although the satisficing775

rectangle identifies the profiles that are simultaneously satisficing for all individuals,776

it does not necessarily correspond to the set of profiles that are satisficing from the777

group perspective. To define this set, we must compute the marginal utility for the778

group as a function of the conjectures of each individual over its own alternative set.779

Definition 8 Let si and ri denote the i th lements of the profiles si and ri , respectively,780

and form the profiles (s1, . . . , sn) and (r1, . . . , rn). The satisficing group utility is the781
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marginal utility formed by summing over all elements of the profiles si and ri except782

the i th elements of each, yielding783

vX (s1, . . . , sn, r1, . . . , rn) =784

∑

∼s1

· · ·
∑

∼sn

· · ·
∑

∼r1

· · ·
∑

∼rn

UX (s1, . . . , sn, r1, . . . , rn). (29)785

The satisficing group utility is a measure of the degree of alignment for the collective786

as a function of each individual’s conjecture regarding its own interests only. The787

interpretation of alignment depends on the context. To illustrate, if the objective of a788

two-agent (four-self) collective is to cooperate (e.g., a team), then789

vX1 X2
(s1, s2, r1, r2) > vX1 X2

(s′
1, s′

2, r ′
1, r ′

2) (30)790

means that the profile (s1, s2, r1, r2) induces greater positive alignment of interests791

than does (s′
1, s′

2, r ′
1, , r ′

2), that is, the more interests are positively aligned, the greater792

the cooperation. However, if the objective of the collective is to compete (e.g., an793

athletic contest or military engagement), then (30) means that (s1, s2, r1, r2) induces794

greater negative alignment of interests than does (s′
1, s′

2, r ′
1, , r ′

2), that is, the more the795

interests are negatively aligned, the greater the opposition.796

Definition 9 The group selectability utility and group rejectability utility functions797

are the marginal joint utilities obtained by summing the satisficing group utility over798

r1, . . . , rn and s1, . . . , sn , respectively, yielding799

vS (s1, . . . , sn) =
∑

r1,...,rn

vX (s1, . . . sn, r1, . . . , rn) (31)800

vR(r1, . . . , rn) =
∑

s1,...,sn

vX (s1, . . . , sn, r1, . . . , rn). (32)801

802

The group satisficing set is the set of all profiles that are satisficing from the per-803

spective of the group, that is,804

ΣX = {a ∈ A: vS (a) ≥ qX vR(a)}, (33)805

where qX is the q-value for the group.806

The satisficing rectangle RX (28), which defines the set of profiles such that the807

i th element is satisficing for X i , is different from the group satisficing set ΣX (33),808

which defines the set of profiles that are satisficing for the group as a whole, and does809

not necessarily require each individual’s satisficing criteria to be met. The following810

theorem provides insight regarding the relationship between the sets defined by (33)811

and (28).812

Theorem 4 For X = {X1, . . . , Xn}, consider a subprofile (a1, . . . , ak) ∈ Σ1 ×813

· · · × Σk for k < n. If qX ≤ qi for i ∈ {1, . . . , k}, then there exists a subvector814

(a∗
k+1, . . . , a∗

n ) ∈ Ak+1 × · · · × An such that (a1, . . . , ak, a∗
k+1, . . . , a∗

n) ∈ ΣX .815
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Proof We establish this result by a contrapositive argument. We first observe that816

since vSi
(si ) is the i th selectability marginal of UX (s1, . . . , sn, r1, . . . , rn), and since817

vS (s1, . . . , sn) is the joint selectability marginal of UX (s1, . . . , sn, r1, . . . , rn), it fol-818

lows that vSi
(si ) is the i th selectability marginal vS (s1, . . . , sn). By a similar argument,819

vRi
(ri ) is the i th rejectability marginal of vR(r1, . . . , rn).820

Suppose821

vS (a1, . . . , ak, ak+1, . . . , an) < qX vR(a1, . . . , ak, ak+1, . . . , an) (34)822

for all (ak+1, . . . , an) ∈ Ak+1 × · · · × An . Then, for i ∈ {1, . . . , k},823

vSi
(ai ) =

∑

∼ai

vS (a1, . . . , ak, ak+1, . . . , an)824

<qX

∑

∼ai

vR(a1, . . . , ak, ak+1, . . . , an)825

=qX vRi
(ai ) ≤ qivRi

(ai ), (35)826
827

Hence, ai /∈ Σi , a contradiction. ⊓⊔828

The condition qX ≤ qi is consistent with the principles of justice espoused by829

Rawls (1971), who argues, essentially, that a society as a whole cannot be better830

off than its least advantaged member. This theorem establishes an important result: no831

subset of agents can be categorically discriminated by the larger group. In other words,832

every individual has a seat at the table in the sense that if an alternative is individually833

satisficing for it, then that alternative is part of some satisficing profile for the group.834

Thus, each individual can be assured that it is can bargain in good faith. This condition835

is perhaps the weakest one possible for meaningful negotiations to occur.836

The group satisficing set and the satisficing rectangle provide a basis for negotiation.837

Let CX = ΣX ∩ RX denote the compromise set. If CX 	= ∅, then all profiles in this838

set are both group and individually satisficing. If CX is not a singleton set, then,839

depending on the context, a tie-breaking logic may be applied to define a unique840

solution. If CX = ∅, then each individual has the ability to increase the size of its841

individually satisficing set by incrementally reducing qi . In this way each individual842

has control over the amount of performance it is willing to sacrifice to accommodate843

the interests of the group. If the compromise set remains empty after each agent has844

reduced its qi to its minimum acceptable level, then an impasse cannot be avoided.845

Such a society is dysfunctional.846

Example 3 [Tom and Martha (Concluded)] We can now compute the satisficing solu-847

tion for the Tom and Martha party. Let us assume the following numerical values. The848

categorical selecting and rejecting utilities for Tom are uST
(b) = 0.6, uST

(c) = 0.4,849

u RT
(b) = 0.4, and u RT

(c) = 0.6. The rejecting utility for Martha is u RM
(h) = 0.3,850

and u RM
(l) = 0.7, and Martha’s conditional selecting utility is displayed in Table 4.851

By straightforward calculations, the group selecting and rejecting utilities are as852

displayed in Table 5, from which we observe that the group satisficing set with qT M = 1853

is Σ T M = {(b, h), (b, l), (c, h)}. Figure 3 provides a cross-plot of these values, from854
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Table 4 Martha’s partially

dissociated conditional selecting

utilities

sT uSM |ST
(sM |sT )

(b, h) (b, l) (c, h) (c, l)

b 0.5 0.2 0.0 0.3

c 0.25 0.25 0.25 0.25

Table 5 Joint selecting and

rejecting utilities for the Tom

and Martha party

(aT , aS) vST SM
(aT , aM ) vRT RM

(aT , aM )

(b, h) 0.3 0.12

(b, l) 0.3 0.28

(c, h) 0.2 0.18

(c, l) 0.2 0.42

Fig. 3 Cross-plot of group-level

selectability versus rejectability

for the Tom and Martha party

uR
1

4

1

4

uS

(b, h)

(b, l)

(c, h)

(c, l)

q = 1

which it is evident, using the qualitative designations introduced in Sect. 3, that the855

collective is in a dispositional state of gratification with respect to (b, h), ambivalence856

with respect to (b, l), and dubiety with respect to (c, h).857

The individual selectability and rejectability utilities are858

vST
(b) = 0.6 vST

(c) = 0.4 (36)859

vRT
b) = 0.4 vRT

(c) = 0.6 (37)860
861

and862

vSM
(h) = 0.5 vSM

(l) = 0.5 (38)863

vRM
(h) = 0.3 vRM

(l) = 0.7, (39)864
865

from which, setting qT = qS = 1, ΣT = {b} and ΣM = {h}. Thus, the satisficing866

rectangle is the singleton set RT M = {(b, h)} and the compromise set is CT M = Σ T M ∩867

RT M = {(b, h)}. Figure 4 displays the individual selectability versus rejectability868
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Fig. 4 Cross-plot of individual

selectability versus rejectability

for Tom (options b and c) and

Martha (options h and l)

uR
1

2

1

2

uS

b

c

h l

q = 1

cross-plots. In terms of individual dispositions, Tom is gratified, but Martha is on the869

border between gratification and dubiety.870

6 Conclusion871

We have introduced a heuristic concept of “good enough” that serves as the basis for a872

formalized mathematical approach to decision-making that is founded on the premise873

that the perspective of seeking to avoid failure is more amenable to compromise874

and negotiation than is the perspective of seeking to maximize individual benefit. To875

implement this perspective, we view each individual as a composite of two selves,876

one concerned with effectiveness, the other with efficiency. Thus our approach does877

not take preferences as fixed but explicitly recognizes the tradeoffs between costs and878

decision failure.879

Our contribution also naturally extends to multiagent settings and serves as a new880

framework within which to study the behavior of complex social systems. Specifically,881

we offer a more realistic conception of multiagent decision making where individual882

influence and social interaction play a central role in emergent choices. We introduce883

conditional preference relationships that enable individuals to incorporate the pref-884

erences of others into their own rationality as a function of social context. As these885

conditional preferences propagate through the group, they generate emergent social886

relationships that govern their collective behavior. Aggregation is the result of this887

propagation, which creates an emergent social model that characterizes the alignment888

of interests among the individuals that arises due to social influence they exert on889

each other. A key feature of this approach is the generation of both individually and890

group satisficing solutions that form the basis for negotiating protocols that lead to891

compromise solutions that are not only acceptable to the individuals, but further the892

(emergent) interests of the group as a whole.893

One of the criticisms of using game theory for social modeling is that group behavior894

is derived exclusively from individual preferences (Gilbert 2008; Hollis 1998). Indeed,895

the classical way to construct a game-theoretic model is to make minimal assumptions896
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about the values of the individuals and then investigate what can be deduced about the897

behavior of the collective. The logical prescriptive consequence of this model is that898

group behavior should conform to a Nash equilibrium solution: a constrained optimal899

solution where each player seeks the best outcome for itself under the assumption that900

others will do likewise. But optimization is an intrinsically individual-based concept.901

The only way a group can optimize if it is viewed as a decision-making entity. However,902

expanding the concept of individual rationality to account for social as well as material903

benefits by means of conditional preferences opens the way to new group-level solu-904

tion concepts that are not founded on optimization. In particular, the neo-satisficing905

provides a solution concept that is naturally amenable to truly coordinated decision906

making.907

Appendix: Proof of the isomorphism lemma908

Lemma 2 Subjugation is isomorphic to sure loss.909

Proof To establish this result we first prove that the categorical and conditional utilities910

are order isomorphic to marginal and conditional probability mass functions. Without911

loss of generality, let us restrict attention to a two-agent collective {Z1, Z2}, with912

Z1 possessing a categorical utility uZ1
: A1 × A2 → [0, 1] and Z2 possessing a913

family of conditional utilities {uZ2|Z1
(·|z1, z2): → [0, 1] ∀ (z1, z2) ∈ A1 × A2}. To914

proceed, let Ω1 and Ω2 be an arbitrary probability sample space of distinct elements915

and cardinality equal to the cardinality of A1 and A2, respectively, and let {Y1, Y2}916

be discrete bijective function (random variables in statistical parlance) defined over917

Ω1 ×Ω2 such that Y1 possesses a probability mass function pY1
over Ω1 ×Ω2 and Y2918

possesses a family of conditional probability mass functions {pY2|Y1
(·|ω1, ω2): Ω1 ×919

Ω2 → [0, 1] ∀(ω1, ω2) ∈ Ω1 × Ω2}. Now let g: A1 × A2 → Ω1 × Ω2 be a bijective920

mapping of the form g(z1, z2) = (ω1, ω2) ∈ Ω1 × Ω2. Define g such that921

uZ1
(z1, z2) = pY1

[g(z1, z2)] = pY1
[ω1, ω2]922

for all (z1, z2) ∈ A1 × A2, and923

uZ2|Z1
(z1, z2|z

′
1, z′

2) = pY2|Y1
[g(z1, z2)|g(z′

1, z′
2)] = pY2|Y1

[ω1, ω2|ω
′
1, ω

′
2)]924

for all (z′
1, z′

2) ∈ A1 ×A2. It is immediate that this mapping establishes the structural925

equivalence of the benefit criterion regarding A1 ×A2 and the belief criterion regard-926

ing Ω1 × Ω2. It remains to confirm that Z2 computing its utility of (z1, z2) given that927

Z1 conjectures (z′
1, z′

2) is equivalent to Y2 computing its belief that g(z1, z2) is real-928

ized given that Y1 asserts that g(z1, z2) is realized. To establish this equivalence, we929

simply observe that the conjecture by Z1 and the realization assertion by Y1 are both930

antecedents of hypothetical propositions whose consequents are uZ2|Z1
(z1, z2|z

′
1, z′

2)931

and pY2|Y1
[g(z1, z2)|g(z′

1, z′
2)], respectively. This establishes the order isomorphism.932

To establish the isomorphism between subjugation and sure loss, let {Y1, Y2} be a933

collective of discrete random variables, each defined over the product sample space934

Ω = Ω1 × Ω2. Let pYi
: Ω → R be a belief function (not necessarily a probability)935
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such that pYi
(ω) ≥ pYi

(ω′) means that the belief that ω will be realized is at least936

as great as the belief that ω′ will be realized. Also, let pY1Y2
: Ω2 → R be a belief937

function such that pY1Y2
(ω1,ω2) ≥ pY1Y2

(ω′
1,ω

′
2) means that the belief that (ω1,ω2)938

is realized is at least as great as the belief that (ω′
1,ω

′
2) is realized.939

Suppose there exists ω∗
1 ∈ Ω such that940

pY1
(ω∗

1) > pY1
(ω1) ∀ω1 ∈ Ω\{ω∗

1} (40)941

and that942

pY1Y2
(ω∗

1,ω2) < pY1Y2
(ω1,ω2) (41)943

for all ω1 ∈ Ω\{ω∗
1} and for all ω2 ∈ Ω . Thus, even though ω∗

1 is Y1’s most strongly944

believed event, the belief regarding the realization of any joint event for which ω∗
1 is945

Y1’s realization is weaker than the belief regarding the realization of the corresponding946

joint event with any other ω1 as Y1’s realization.947

If, on the basis of (40) one were to enter a lottery to earn $1 if ω∗
1 is realized, a fair948

entry fee would be q1 > 1
2 . On the other hand, if, on the basis of (41), one were to949

earn $1 if ω∗
1 is not realized, then a fair entry fee would be q2 > 1

2 . By combining950

bets, one would be certain of winning $1 with a fair entry fee of q1 +q2 > 1, therefore951

resulting in a sure loss.952

It is immediate that the relationships given by (13) and (40) and by (14) and (41)953

are identical. Thus, sure loss is isomorphic to subjugation. ⊓⊔954
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