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Abstract 
The models of internal self-control that have recently been proposed by behavioral economists 
do not depict motivational interaction that occurs while temptation is present.  Those models that 
include willpower at all either envision a faculty with a motivation (“strength”) different from 
the motives that are weighed in the marketplace of choice, or rely on incompatible goals among 
diverse brain centers.  Both assumptions are questionable, but these models’ biggest problem is 
that they do not let resolutions withstand re-examination while being challenged by impulsive 
alternatives.   
 
The economists’ models all attempt to make a single equilibrium preference predictable from a 
person’s prior incentives.  This was the original purpose of  these models’ hyperboloid (“β-δ”) 
delay discount functions, which have been widely justified by the assumption that a person’s 
intertemporal inconsistency (impulsiveness) can be accounted for by the arousal of appetite for 
visceral rewards.  Although arousal is clearly a factor in some cases of intertemporal 
inconsistency, it cannot be blamed for others, and furthermore does not necessarily imply 
hyperboloid discounting.  The inadequacy of β-δ functions is particularly evident in models of 
internal self-control.  I have reviewed several of these models, and have argued for a return to 
pure hyperbolic discount function as originally proposed, the relatively high tails of which can 
motivate a recursive process of self-prediction and thereby the formation of self-enforcing 
intertemporal contracts.  Such a process does not require a separately motivated faculty of will, 
or incompatible goals among brain centers; but it also does not permit the prediction of unique 
preferences from prior incentives.  
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Text 
A principal topic in behavioral economics has been impulsiveness and self-control.  It is 
presumed that a person maximizes expected utility or reward, which conversely defines reward 
as the pressure that expectation exerts on choice.  Impulsiveness has been defined as a violation 
of stationarity, such that a person who usually prefers one consumption or reward option 
temporarily prefers an incompatible alternative that is poorer by her usual standards, in the 
absence of any new information about its value.  Impulsiveness is synonymous with preference 
reversal or dynamic inconsistency.  Self-control has meant the avoidance or control of 
impulsiveness.   
 
Most behavioral economists have settled upon David Laibson’s quasi-hyperbolic delay discount 
function as their model of impulsiveness (1994, 1997), but more from a desire to preserve the 
tractability of classical economic discount functions than from either parsimony or a need to fit 
experience.  Several models of self-control have been built explicitly or implicitly on quasi-
hyperbolic curves; but these all require the person to rely on an additional source of 
motivation that does not depend on current prospects (as in 'strength' models)"  or to take 
the impulsive option out of consideration just before the moment of choice.   I will argue that a 
satisfactory model of self-control must account for resistance to temptation on the basis of 
current best prospects and while the person is paying full attention to it.  Quasi-hyperbolic 
functions have difficulty predicting this kind of self-control, but the pure hyperbolae that Laibson 
originally modified (Ainslie 1975, 1992) predict its features in detail.   However, the cost of 
returning to this function will be loss of unique predictions of a person’s choice based on 
knowledge of her prior incentives.   
 
This article is organized as follows: 
 Since this topic is still unfamiliar to many, a short historical explanation is called for.  I 

will describe how hyperbolic delay discount curves that were derived from behavioral 
research suggested an explanation for preference reversal phenomena that were originally 
described in economics (Section I).   

 I will evaluate the proposal made soon afterwards that a hybrid exponential and step 
function can account for these phenomena without the loss of mathematical tractability 
that pure hyperbolic curves entail (Section II).   

 I will explore hyperbolic curves’ implication that successive motivational states will be in 
a limited warfare bargaining relationship, which a person can partially resolve by 
interpreting them as an intertemporal variant of a repeated prisoner’s dilemma (recursive 
self-prediction), and in which the stake for cooperation is enlarged by the curves’ 
relatively high tails at long delays (Section III).   

 I will discuss evidence for intertemporal bargaining versus some conventional 
suggestions as the mechanism of self-control in the absence of precommitment 
(“willpower;” Section IV).   

 I will examine recent proposals within behavioral economics to account for willpower 
without recursive self-prediction (Section V).   
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 Finally I will augment my argument for recursive self-prediction by illustrating how it 
accounts for familiar motivational patterns that have lacked underlying mechanisms 
(section VI).  

 
I. Roots of hyperbolic discounting 

 
The discounted utility theory that has been accepted as the standard valuation model in 
economics (Samuelson, 1937) has no place for a regular tendency to form temporary 
preferences.  Thus it has trouble accounting for impulsiveness. The standard valuation curve as a 
function of delay is 
 

Present value = Value0 x δDelay    Formula 1 

 

where Value0 = value if immediate and δ = (1 – discount rate).  
 
This function describes consistency of valuation over time in the absence of new information, 
and, by implication, the possibility of predicting future valuation if a valuation at any earlier 
point is known.  Economist Robert Strotz was the first behavioral scientist to suggest that people 
have non-exponential delay discount curves that require them to deal strategically with their own 
expectable changes of preference (1956).  He pointed out that a person cannot rely on her 
relative valuation of two future rewards staying the same as the rewards get closer—that a curve 
depicting the current value of a perspective reward as a function of its delay is apt to stray from 
the exponential function depicting consistent preference.  He did not specify a particular 
function, but noted that any function that is not exponential depicts inconsistent preferences over 
time.  Previous writers had noticed how people sometimes pay for commitment devices to 
forestall their own impulses-- the economist Alfred Marshall, for instance, noticed how the poor 
preferred to buy small amounts of coal or alcohol at retail rather than buying a stock more 
cheaply to keep at home (1921, p. 814).  However, Strotz was the first theorist to describe the 
need for such commitment as the product of a fundamental dynamic inconsistency resulting from 
the nonexponential discount of delayed rewards. 
 
Economists did not immediately pursue Strotz’ insight.  Meanwhile other authors began to deal 
with dynamic inconsistency.  Political scientist and philosopher Jon Elster pointed out that 
Ulysses’ situation in preparing to sail past the Sirens was archetypical of choice in a modern 
world filled with temptations (1979).  Political economist Thomas Schelling wrote that “people 
behave sometimes as if they had two selves, one who wants clean lungs and long life and another 
who adores tobacco” (1980, p. 95).  Economists Richard Thaler and Hersh Shefrin noted that a 
person’s conflicting motives tend to coalesce into a “doer” interest that tries to get immediate 
gratifications and a “planner” that tries to keep the doer from giving in to temptation (1981). 
 
 In a seemingly unrelated line of experiments, psychologist Richard Herrnstein reported that 
subjects tend to sample two concurrent streams of reward in proportion to the mean rates, 
amounts, and immediacies of those rewards (the “matching law;” 1961, 1997).  Building on both 
ideas, the present author pointed out that application of the matching law to single (discrete, i.e. 
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not streamed) choices between smaller sooner (SS) and larger later (LL) rewards results in four 
specific predictions (Ainslie, 1975, 1992): 

1. The decline in rewarding effect with delay is described better by a discount function that 
is inversely proportional to delay (hyperbolic discount curve) than by a function that 
declines by a constant proportion of remaining value for each unit of delay (exponential 
discount curve).  That is, data on the evident value of a single prospective reward at 
varying delays will be described better by a hyperbolic than by an exponential function of 
those delays (figure 1).  The most commonly used form of the hyperbolic curve has been 
 
    Present value = Value0 / [1 + (k x Delay)]   Formula 2 

 

where Value0 = value if immediate and k is degree of impatience (Mazur, 1987).   

 

 

Figure 1: Exponential and hyperbolic discount curves drawn from a reward that 
would be worth 10 units if immediate, with slopes adjusted so that each is worth 1 unit 
of reward at 10 units of delay (hyperbolic k = 0.9; exponential δ = 0.794). The 
hyperbolic curve (solid line) is steeper at short delays, but has a higher tail. 

 

2. Preferences between some pairs of an SS reward and an LL alternative at varying delays 
but with a constant lag between SS and LL rewards will favor LL rewards when both are 
distant, but shift to SS alternatives when they become closer (figure 2).  
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 Figure 2: Hyperbolic discount curves from SS and LL rewards. An early choice (near the left 
edge) would favor the LL reward, but a choice near the SS reward would favor the SS reward. 

3. During the period when an LL reward is preferred, subjects will sometimes choose 
behaviors whose only function is to prevent their own subsequent choice of the SS 
alternative. 

4. Subjects choosing between a whole series of SS/LL pairs at once will have a greater 
tendency to choose the LL rewards than will subjects choosing between the same pairs 
one at a time.  A subsidiary prediction is that human subjects who perceive a current 
choice between SS and LL rewards as a test case—an example that predicts their own 
future preferences between similar pairs of rewards-- will be more apt to prefer the LL 
reward than they do when they see the pair of alternatives as an isolated choice.  That is, 
people may create bundles of interdependent expectations by predicting their future 
choices recursively on the basis of each current choice.  Such bundles would not change 
the way each component reward is discounted, but discounting of their aggregate value 
would move in the direction of exponentiality. 

 
Subsequent work by both economists and psychologists has largely confirmed the first three 
predictions, both in human subjects whose choices are spontaneous (not calculated) and in 
nonhuman animals.  The nonhuman experiments demonstrate that the findings are not products 
of experimenter suggestion or cultural norms.  I will say more about prediction 4 presently. 

1. Curve fitting.  Plots of indifference points between pairs of SS and LL rewards as delay is 
varied show less least-squares deviation from hyperbolic than from exponential curves 
(reviewed in Green & Myerson, 2004; Kirby, 1997).  Procedures to prevent human 
subjects from strategically claiming false preferences, such as second bid auctions, 
confirm the superior fit of hyperbolic curves (e.g. Kirby & Marakovic, 1995; Kirby & 
Guastello, 2001).  Hyperbolic curves are not found just in short range choices.  People 
expressing preferences for public programs that would pay off at delays up to 100 years 
produced a similar curve (Cropper et.al., 1992), as did an analysis of discount rates 
implied by long term public works investments (Harvey, 1994).   
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2. Preference reversal.  When subjects are given choices between a given pair of SS and LL 
rewards with a fixed lag between them but a varying delay until the SS reward would be 
available, their preference regularly changes from LL to SS as this delay gets shorter 
(reviewed in Green & Myerson, 2004).  This temporary preference for SS rewards is 
found in both people (Kirby & Herrnstein, 1995) and pigeons (Ainslie & Herrnstein, 
1981; Green et.al., 1981); even in people it has been reported over time ranges varying 
from days (Green et.al., 1994) to decades (Green & Myerson, 2004).  It can occur even 
when there is a delay before the earliest SS reward is available (Ainslie & Haendel, 1983; 
Green et.al., 2005).    That is, a subject who preferred $50 in one year to $100 in three 
years often did not prefer $50 in four years to $100 in six years, choosing the SS reward 
even when it would be delayed by one year but not four years.  Such findings argue 
against the proposal, to be discussed presently, that SS rewards are temporarily preferred 
only because immediacy creates an arousal effect.   

3. Precommitment.  The simplest evidence of choosing purely to avoid a later choice comes 
from experiments in which nonhuman animals will peck a key to avoid a later choice of 
immediate SS versus delayed LL food (Ainslie, 1974), or press a lever that commits them 
to a later SS electric shock to avoid having to choose between SS and LL shocks when 
the SS would be immediate (Deluty et.al., 1983).  It is hard to strain humans’ self-control 
ability in the laboratory, but surveys of purchasing behavior in combination with subject 
self-reports have found many examples of deliberate precommitment, such as buying 
tempting consumables in small packages despite strong price incentives to buy in bulk 
(Wertenbroch, 1998; cf. Marshall, 1921, p. 814), and voluntarily arranging deadlines to 
avoid procrastinating unpleasant medical tests (Trope & Fishbach, 2000) or term papers 
(Ariely & Wertenbroch, 2002).  Likewise, in much larger choices people are said to make 
illiquid investments that would be otherwise inefficient, in order to commit their future 
spending (Laibson, 1997) 
  

For reasons that I will discuss shortly research and theory have neglected the fourth prediction.  
Although it has the most significance for practical self-control, it has been studied the least.  A 
particularly significant feature is that it helps to differentiate the original, “pure” hyperbolic 
discounting hypothesis from an often-proposed hyperboloid alternative.  
 

II. Hyperboloid discounting 
 
The shape of hyperbolic discount curves is incompatible with most computations of value in 
economics, which assume consistent preferences over time in the absence of new information, 
and hence exponential curves (Koopmans, 1960).  David Laibson had the insight that predictions 
2 and 3, and much published evidence about human impulsiveness, were consistent with a 
function that would be more acceptable to economists, since it preserves the use of limit 
theorems to predict unique preferences from a knowledge of a subject’s prior incentives (1994, 
1997).  This was a step function, borrowed from an existing model of the motives in 
intergenerational transfers (Phelps & Pollack, 1968), and more mathematically tractable than a 
pure hyperbola.   In the format of the first two formulae, it would be 
 
 Present value = Value0 x β x δDelay  Formula 3 
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where Value0 = value if immediate and β has one of only two values, β = 1 when reward is 
imminent or 0 < β < 1 at all other times; δ = 1 – discount rate (McClure et.al., 2004).  
Accordingly, a “hyperboloid” or “quasi-hyperbolic” discounter chooses consistently until the SS 
reward is imminent, when its value suddenly spikes upwards by (1 – β)/β, potentially reversing 
an existing preference for an LL alternative (figure 3). 

 

Figure 3: Exponential discount curves from a “visceral” SS and a non-visceral LL reward, 
according to formula 3. β < 1 except right before the SS reward, when a beta spike raises the 
effective value of the SS reward. 

 

The two discrete components of motivation in the β-δ model fit seductively into the long 
tradition of two-faculty models that date back to Plato’s chariot of the soul, pulled by the well-
behaved horse of reason and the unruly horse of passion (Phaedrus, 253e).  When Laibson 
proposed his hyperboloid formula Thaler and Shefrin had already described a two agent model, 
in which a farsighted (or slowly discounting) planner sets rational policies but must rely on a 
shortsighted (or rapidly discounting) doer to execute them (1981).   The planner was just 
Economic Man from conventional utility theory, but the doer did not have a clear basis—nor did 
Laibson’s β factor.   
 
George Loewenstein proposed a rationale for the doer-- that it could arise from the “viscerality” 
of some motives (1996; Lowenstein & O’Donoghue, 2004).  The viscerality hypothesis was soon 
married to the β spike of imminent reward in formula 3 (McClure et.al., 2004), producing a 
model in which a person discounts the future consistently until an appetite or emotion is aroused, 
and then becomes markedly less patient.  In an additional refinement the all-or-none spike has 
since been softened into a second, steep exponential discount curve from the moment of 
expected reward, which sums with the shallower standard discount curve (McClure et.al., 2007): 
 

Present value = Value0 x {(ω x βDelay) + [(1 – ω) x δDelay]}  Formula 4 
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where Value0 = value if immediate, β and δ are one minus their respective discount rates, and ω 
is a weighting factor.2  I will refer to upward departure from the (shallower) exponential curve in 
either formula 3 or formula 4 as the β spike. The addition of one or two parameters can obviously 
improve how the new equations fit delay discounting behavior, removing prediction #1 as a 
criterion for selection-- except for parsimony.  The occurrence of β spikes makes predictions #2 
and #3, and under some assumptions accommodates prediction #4, but, as we will see, not as 
well as pure hyperbolic curves do. 

 

Adapting β-δ theory to handle rewards that are not imminently available complicates the 
interpretation of formulas 3 or 4, since the spike no longer occurs just at near-zero delays.  The 
pre-reward spike of Laibson’s hyperboloid discounting becomes an upward departure that can 
occur any time that emotion or appetite are stimulated (McClure et.al., 2004)—or, presumably, 
when they arise without a stimulus.   The point from which delay should be computed is then 
ambiguous.3   

 

Nevertheless, the β-δ function has become virtually the standard in behavioral economics.  
Benabou and Tirole even refounded much of the intertemporal bargaining model as it appeared 
in Ainslie (1992) on the assumption that the basic discount curve is β-δ (2004, p. 857).  Much 
empirical evidence has been consistent with the model.  Loewenstein and various collaborators 
(1996; 1999) have built on the work of psychologist Walter Mischel (e.g. Mischel & Moore, 
1980) and others to show that decisions made in a state of emotional arousal have a greater 
tendency to favor SS alternatives.  There have also been brain imaging reports that the brain 
valuation sites that humans share with non-humans respond only to imminent rewards, whereas 
the prefrontal cortical sites that are uniquely developed in humans respond to rewards in all time 
ranges (McClure et.al., 2004, 2007).  Berns et.al. concisely summarize recent theories about 
intertemporal choice, which largely favor conditioned arousal of appetite or emotion as the 
driving force of inconsistent preference (2007).  Thus the idea that viscerality is the source of β 
spikes that in turn explain impulsiveness has some support in psychological research as well as 
common experience.  However, there are problems both with viscerality as an ultimate cause of 
impulsiveness and with the β-δ model itself.    

 
2 Modified from their formula 5 to express momentary value.  

3 Of course, sudden appetite is also a problem for pure hyperbolic curves.  I have argued 
elsewhere that sudden arousal without a signal that a reward is more likely or closer has to 
incorporate a positive feedback mechanism, in which an increasing expectation of choosing to 
consume leads to increasing arousal and vice versa (Ainslie, 2010b).  Such a model works poorly 
for the conditioned arousal that is commonly imagined to underlie visceral reward, and in any 
case requires the kind of recursive self-prediction I will be describing here.  
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elementary selective process in

Elicited arousal has limited explanatory power.  Despite the frequent experience that “something 
came over me” that can accompany preference reversals, a stimulus-response model of 
temptation is a crude explanation for most cases:   

 Viscerality has proven to be an elusive concept.  Abstract rewards such as money, 
Amazon coupons, and the satisfaction of curiosity have been claimed to behave as 
visceral rewards (Lowenstein, 1999; McClure et.al., 2004).   

 Some impulses involve mundane activities that are not emotionally arousing—
procrastination is a prominent example (Ainslie, 2010a; O’Donoghue & Rabin, 1999). 

 Some impulses may take longer than arousal can literally be sustained.  Examples include 
buying a house against one’s better judgment, taking an unskilled job instead of going to 
college, or not contributing to a retirement plan.   

 In cases that do involve appetite or emotion, the arousal may be self-initiated.  Although 
arousal is often occasioned by external events, it also occurs upon deliberately fantasizing 
about the activity in question,4 or, especially, when a person has figured out how to give 
herself permission for the activity—discovering a loophole, as it were, in her resolve.  
Much human temptation is not based on the immediate availability of consumption—
even illegal drugs can be scored without undue delay—but on rationalization, of which 
arousal is as much the effect as it is the cause. 

 In the laboratory, conditioned arousal depends on stimuli (CSs) that predict a likelihood 
and imminence of the conditioning stimuli (UCSs; e.g. Carter & Tiffany, 2001; Field & 
Duka, 2001), making this mechanism a defective model of the visceral arousal in daily 
life that follows exposure to non-predictive stimuli or pure suggestion.  Conditioning per 
se is just the learning of environmental contingencies (Rescorla, 1988); it does not add 
incentive to those contingencies, and thus should not increase preference for SS over LL 
rewards.  Granted, reward-augmenting arousal may come from fantasizing about 
consumption, and avoiding such fantasizing can be a (somewhat unstable) self-control 
tactic against impulses in which arousal is a factor; but “conditioned stimuli” that do not 
predict the possibility of imminent consumption are mere occasions for such fantasy (see 
Ainslie, 2010b and the previous bullet). 

 
Shallow discount curves need to be constructed.  The δ factor that is supposed to govern 
discounting in the absence of visceral cues is unlikely to describe an elementary (untutored) 
perception of the world.  Implicit in the β-δ explanation of preference reversals is the background 
of Economic Man, an agent whose δ rate is set by rational estimation of what he will need over 
his lifetime, discounting future outcomes only to the extent that their distance makes them 
uncertain to occur.  Even without the problem of preference reversals it is hard to find in such a 
picture the intuitions of a flesh-and-blood organism.  The necessary basis of utility, reward, is an 

herited from simpler organisms and observable in four month old 

                                                        
4 Imagining forbidden impulses is often a tempting activity in itself, regarded as a venial sin 
by the Catholic Church, as philosopher Richard Holton has pointed out (2009).   
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infants (e.g. Darcheville et.al., 1993).  We are born with steep discount curves, and continue to 
show them when the reward is an increase in our immediate comfort, for instance relief from 
boredom or from noxious noise (Navarick, 1982).  We must acquire by learning whatever 
devices let us achieve the banker-like preferences we sometimes show (e.g. Harrison et.al., 2010; 
Coller et.al. 2010).  The observation that financial prudence lies at the low extreme of a wide 
range of reported discount rates (Frederick et.al., 2002) also argues that it is constructed, the 
result of learned self-control techniques that compensate for steeper underlying curves.  Nor can 
this learning be simple.  Presumably, any possibility of acting directly on the discounting process 
would be quickly exploited to make delayed rewards loom larger, allowing a child in effect to 
coin reward—for instance, to feel like her birthday was a month away instead of two months.  
After maximal exploitation of such an action, if it can occur at all, the banker-to-be will need to 
find indirect ways of becoming patient; and even this search is contingent on something in her 
motivational endowment that creates the wish to be more patient.  The consistent relative values 
of exponential curves do not create such a wish.   
 
My point is that exponential functions cannot be used to derive shallow discount curves from 
steep ones.  Although they simulate a pure hyperbola’s especially steep discount rates when a 
reward is imminent, these functions do not preserve its especially shallow discount rates at long 
delays, and thus cannot make prediction 4 unless shallow curves already exist.  I will argue that 
the high tails of hyperbolic curves create the necessary wish to be patient, and that prediction 4—
the reward bundling effect—makes patience possible.  External commitment devices can play a 
role in our waiting for LL rewards—social pressure is the one with which we all start as 
children—but do not constitute self-control.  I will show that the reward bundling phenomenon 
permits the modeling of willpower as an intertemporal bargaining process, and thus of self-
control that acts consistently over time and simultaneously with temptation.  Accordingly, 
reward bundling can sometimes flatten people’s effective discount curves to produce the patient 
preferences of Economic Man.   
 
I will further argue that reward bundling is what creates both the strength and freedom of the will 
as we experience them, and that rejection of this property has crippled the many attempts that 
have been made within behavioral economics over the past decade to model internal self-control.  
My criticism of these attempts does not question their mathematics or the logic otherwise derived 
from their assumptions, but the awkwardness of the assumptions themselves.  If the phenomenon 
of hyperbolic discounting did not provide a direct route to internal self-control we would have to 
accept them as the best available heuristics; but this is not the case. 
 

III. Recursive self-prediction 
 
Prediction 4a. [Subjects choosing between a whole series of SS/LL pairs at once will have a 
greater tendency to choose the LL rewards than will subjects choosing between the same pairs 
one at a time.]  Pure hyperbolic functions predict this phenomenon, but functions of the β-δ sort 
predict it so weakly that they could be said to contradict it.  Hyperbolic discount curves are not 
only steeper than exponential ones when delays are short, they are also flatter than both 
exponential and β-δ curves when delays are long.  That is, the tails of the curves are higher.  As 
described above, this property predicts people’s disproportionately high valuation of long range 
investments (re prediction #1), and a more robust tendency to make long range commitments 
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against impulses than β-δ curves predict (prediction #3).   However, the most important 
consequence of these high tails is a combining property that is much stronger than that of β-δ 
curves.   
 
It is true that even with β-δ curves, the aggregate discounted value of a series of LL rewards will 
be greater than that of a single LL reward, and with some values could be greater than β spikes 
from SS alternatives.  However, this is possible only if a person already has somehow achieved 
low rates of discounting.  As I have just argued, the much shallower curves implied by financial 
prudence are higher order phenomena that require explanation themselves.  To get from 
spontaneous preference to even medium term prudence, moment to moment incentives must 
combine over time.  The shape of the discount curves from individual rewards will determine 
how combinations are valued. 
 
To see the difference in combining tendency between either exponential or hyperboloid curves 
and true hyperbolic curves when raw discount rates are high, consider a case of round numbers. 
If four LL rewards of amount = 10 are available 10 time units apart, then by formulas 1, 3, or 4 a 
slope that would yield a value of 1.0 at a point 10 units before the first reward (δ = 0.794) would 
yield 1.0 + .1 + .01 + .001, or just 1.111 at the same point for the prospect of all four rewards 
together (figure 4).  (Ex hypothesi the effect of β spikes cannot be cumulated.)       
 

 
 
Figure 4: Cumulated exponential discount curves from 4 rewards of 10 units each, separated 
by 10 time units. As in figure 1, the value of the single (rightmost) curve is 1 reward unit at 10 
units of delay.  This figure could also describe the δ portion of β-δ curves; the β portion, which 
by definition is not anticipated, would just make each curve higher at near-zero delays. 
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 With hyperbolic curves (formula 2) a slope that gave a value of 1.0 at 10 time units before the 
first LL reward (k = 0.9) would yield 1.0 + .526 + .357 + .270, or 2.15 for all four ((10/(1+(.9 x 
10))+10/(1+(.9 x 20))…)5  (figure 5).  
 
 

 
 
 
Figure 5: Cumulated hyperbolic discount curves from 4 rewards of 10 units each, 
separated by 10 time units. As in figures 1 and 4, the value of the single (right-
most) curve is 1 reward unit at 10 units of delay. 

 
 With a series of ten such rewards the β-δ sum is 1.111111111.  It will never make it to 1.2, 
whereas a hyperbolic curve gives 3.08 for ten rewards and keeps climbing, albeit more slowly, 
for longer series.   If we accept the evidence that hyperbolic discount curves from multiple 
delayed rewards are additive (Kirby, 2006; Mazur, 1986), then a person’s perception of her 
choices as being between whole series of LL versus SS rewards could greatly increase the 
attractiveness of the LL rewards, without any supplementary source of motivation.  Single SS 
rewards that could overcome single LL rewards because of their proximity might not be able to 
do so when a series of similar choices was cumulated.  Thus, hyperbolic curves from 
combinations of delayed rewards will often have more aggregate value than their combined SS 
alternatives, the tempting power of which comes only from each single SS reward as this reward 
becomes imminent (figure 6).   
 

                                                        
5 Even a single LL reward as just illustrated would have a value of .001 at delay = 40 if 
discounted in beta-delta or exponential fashion, but .27 if discounted hyperbolically.  The 
hyperbolic function predicts not only a greater aggregate motive but a much stronger motive for 
commitment in advance. 
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Figure 6: Two alternative series of four rewards each, hyperbolically discounted and 
cumulated as in figure 5. In the single (right-most) pair the SS reward is temporarily 
preferred, but as the values of pairs are cumulated (moving leftward) this preference 
disappears. 

 

 

With exponential delay discount functions, SS rewards that were great enough to out-bid an 
LL alternative at some point would out-bid it at all points; the same relative values would 
remain if series of these alternatives were cumulated (figure 7).  The same relative values 
would remain also if the δ components of SS rewards remained lower than the curve from 
alternative LL rewards but were supplemented by β spikes (figure 8). 
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Figure 7: Two alternative series of four rewards each, exponentially discounted and 
cumulated as in figure 4.  Cumulated curves remain proportional to each other.  Here each 
SS reward is initially taller than the cumulated curve from the LL rewards, and its curve remains 
taller at all points, whether the SS curves are cumulated or not.  
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Figure 8: Two alternative series of four rewards each, exponentially discounted and 
cumulated as in figures 4 and 7.  Each SS reward has a δ component that is lower than the 
curve from its LL alternative, but has a β component that extends higher.  Cumulating the 
curves from the LL rewards makes no difference, nor does cumulating the curves from the δ 
components of the SS rewards.  (β components are not anticipated, ex hypothesi, and thus 
have no discount curves to cumulate.) 

 
 
There is experimental evidence that bundling series of rewards together increases subjects’ 
patience.  Psychologists Kris Kirby and Barbarose Guastello studied choices between SS and LL 
amounts of money in undergraduate volunteers (2001).  They used an auction procedure to find 
the smallest SS rewards that subjects strictly preferred to LL alternatives, then offered series of 
choices between these SS and LL rewards in one of three patterns: (1) free condition: five 
separate choices at fixed intervals of several days; (2) forced condition: delivery of the same five 
SS or LL rewards at the same intervals, but chosen all at once at the same moment as the first 
choice in (1); or a third condition that I will discuss with prediction 4b.  They found that a much 
larger proportion of subjects chose the LL rewards when choosing all at once (condition 2) than 
when the subjects expected separate choices (condition 1).  The authors repeated the procedure 
using slices of pizza, and found the same pattern.  They interpreted the results to show that the 
students were less patient toward the single choices in a series than they were toward the series 
as a whole.   
 
Choice patterns reflecting hyperbolic discount functions are also observed in animals, even more 
robustly than they are in humans.  An increase in patience with reward bundling should therefore 
be seen in animals as well.  In an experiment to test whether this phenomenon can arise from the 
basic hyperbolic curves as predicted, rather than being specific to humans, Ainslie and 
Monterosso let rats choose between SS and LL amounts of sugar water (2003).  At values close 
to the subjects’ indifference points, they chose the LL alternatives more often when making 
choices for the next three trials all at once than when choosing on a trial-by-trial basis, a result 
predicted by hyperbolic but not exponential discount functions.  The occurrence of the bundling 
phenomenon in animals is especially significant because it rules out cultural bias or other factors 
that require higher cognitive capacities.  It might be objected that there is a qualitative species 
difference in the operation of reward, but in fact young children respond to reward schedules in 
the same pattern as animals (Bentall et.al., 1985), and can be observed to adapt this process 
gradually (Sonuga-Barke et.al., 1989).  I argue that this adaptation occurs largely through 
learning to evaluate choices categorically, a process that is rewarded first by parents and then 
through the self-prediction process I will discuss presently.  
 
However, there is an obvious hitch to the strategy of choosing options in whole categories 
instead of singly.  Under the pressure of temptation, a doer could simply propose to take the 
imminent SS reward on this occasion and the series of LL rewards in subsequent choices.  This 
behavior was indeed what was expected by Ted O’Donoghue and Matthew Rabin, the first 
economists to make a Schelling-like game theoretic analysis of temporary preferences for SS 
rewards (1999, 2001); it limited the realistic choices that the procrastinators in their model could 



Ainslie—“Eyes open” self‐control 17 

 

as nations’ avoidance of using 

                                                   

make.  The solution might seem to be intuitively obvious—mere awareness of the question, “If 
not now, when?”  But a person under the influence of nearby reward can usually tell herself, 
“next week, when conditions will be different.”  If making a resolution were enough to preserve 
a plan, people would not have much trouble with impulse control.  On the contrary, experience 
soon teaches that there has to be an enforcement mechanism that gives a resolution credibility in 
an ongoing competition with SS rewards.  I will argue that such a mechanism depends on putting 
whole series of rewards at stake in each choice, a condition that is made possible by the high tails 
of hyperbolic curves.  Both parts of prediction #4 are necessary: 
 
Prediction 4b.  [Human subjects who perceive a current choice between SS and LL rewards as a 
test case—an example that predicts their own future preferences between similar pairs of 
rewards-- will be more apt to prefer the LL reward than they do when they see the pair of 
alternatives as an isolated choice.]  To restate this hypothesis:  Self-aware subjects, presumably 
only humans, who see their current choices as predictive of a category of similar choices in the 
future will thereby tie their expectation of the whole category of rewards to how they see 
themselves make the current choice (Ainslie, 1975, 1992, 2001).  A combination of imperfect 
self-prediction and a tendency to temporarily prefer SS rewards sets up a limited warfare 
relationship among successive selves, which can be resolved by discerning—or defining—a 
modified repeated prisoner’s dilemma among these selves:  The modification is that defection in 
the present case makes defection in future cases more likely, not from a motive of retaliation but 
by making cooperation seem likely to be wasted.    
 
The hyperbolic relationship describes prospects with a variety of time ranges.  If the time units in 
the above examples are days (roughly), the relevant choice might be to get drunk now on 
Saturday night versus feeling healthy for the rest of the week.  If the time units are months, the 
choice might be to spend the annual bonus just received versus to pay off accumulated credit 
card debt.  In either case the differential prospects are maximized if the person expects the series 
of LL rewards to be assured unless a lapse occurs, but to be jeopardized if it does.   The 
aggregate LL reward may comprise the evident consequences of each choice, as in binges with 
hangovers, or may be a continuous state such as good health, adequate savings, etc.  The 
necessary element is that the person’s expectation of getting the aggregate LL reward is put at 
stake when each opportunity for a relevant SS reward occurs.6 
 
Hyperbolic discount curves open the possibility that self-control arises from intertemporal 
bargaining, the activity in which reward-seeking processes that share some goals (e.g. long term 
sobriety) but not others (getting drunk tonight) maximize their individual expected rewards, 
discounted hyperbolically to the current moment.  This limited warfare relationship is familiar in 
interpersonal situations, where it often gives rise to self-enforcing contracts (Telser, 1980) such 

a nuclear weapon lest nuclear warfare become general.  In 

      
6 A β-δ agent, too, might be aware of her future unpredictability when visceral rewards became 
available, and, if she already had shallow devaluation curves, interpret her current choice as a 
test case for a bundle of future choices.  β-δ theorists do start with shallow devaluation curves, 
but have not explored this possibility, perhaps because they do not include self-prediction in the 
contingencies that influence choice.   
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interpersonal bargaining, stability is achieved in the absence of an overarching government by 
the parties’ recognition of repeated prisoner’s dilemma incentives.  In intertemporal bargaining, 
personal rules arise through a similar recognition among the successive motivational states of an 
individual, with the difference that a future state is not motivated to retaliate, as it were, against 
past states that have defected.  The risk of future states’ loss of confidence in the success of the 
personal rule, and consequent defection in their own short term interests, will present the same 
threat as the risk of actual retaliation.  The reason that a recovering alcoholic avoids taking a 
single drink is not that it would move a future self to take revenge, but that it would impair the 
current credibility of her future sobriety, without which she does not have much current reason 
not to get drunk. 

  

An implication of the reward bundling effect is that a planner and a doer exist simultaneously 
with regard to the same set of alternatives, depending on how the person predicts contingent 
reward, rather than having to take turns at absolute control as in many behavioral economic 
models that I will discuss presently.  Also, the power of combined curves suggests a specific 
mechanism for the otherwise vaguely intuited phenomenon of willpower, without the 
intervention of any additional faculty.   
 

For rewards that can be quantified, a combination intertemporal bargaining and social 
competition can lead to a personal rule to discount the future exponentially, as long as the 
specified exponential discount rate is not so shallow that the person’s underlying hyperbolic 
function tempts her into frequent violations of her rule (Ainslie, 1991).  To the extent that 
following such a rule becomes second nature, exponential discounting may come to be 
experienced as an elementary perception of the world.  Despite the clear competitive advantage 
of learning exponential valuation, interpersonal variation in such learning seems to be observable 
in adult populations even in choices between significant amounts of cash (Coller et.al., 2010).  
People’s awareness of using their current choices as test cases is also variable, probably because 
this process can take place without the rules’ being formalized in so many words; it is best 
elicited by indirect means, such as thought experiments (below, and Ainslie, 2007). 

 

As with interpersonal negotiations, intertemporal cooperation is threatened by the availability of 
alternative truce lines.  Under the pressure of current temptation the alcoholic may reason that 
drinking on New Year’s Eve would not reduce her expectation of staying sober the rest of the 
year.  But then that might be true of her birthday too, or your birthday, or Saturdays…  At least 
there does exist a bright line between some drinking and none, as with some smoking and none, 
whereas an overeater or spendthrift has much less defence against rationalizations—She has to 
eat some food and spend some money, and it is hard to see one diet or budget as irreplaceable. 
Accordingly, most smokers manage to quit for good (Garvey et.al.,2002) as do about half of 
alcoholics (Helzer et.al, 1991; Smart, 1975), aided by the bright line between some 
consumption and no consumption at all.  By contrast, five percent of overweight dieters 
manage to achieve long term weight reduction (Garner & Wooley, 1991).  The feasibility of 
using intertemporal bargaining for self-control depends on the topography of available 
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distinctions between one potential category of choice and another.  But within that constraint, 
repeated prisoners dilemma contingencies can create a will without an organ, serving a self 
without a seat, just as the “will” of nations not to use nuclear weapons seems to be guided by an 
invisible hand.  

  

Temptation does not then depend entirely, or even mainly, on the proximity of SS rewards, but 
on the person’s perception of rationales by which she can see the present case as an exception to 
her relevant personal rule.   The greatest commitments are experienced as character traits: “I am 
not the kind of person who gets drunk” or “…cheats a friend.”  Thus the most influential self-
predictions are also those  most harmed by a single lapse, the kind envisioned in Bodner & 
Prelec’s examples of “self-signaling” (2001).  Similarly, the various addictions-anonymous 
organizations’ seemingly paradoxical advice to admit helplessness against addiction is aimed 
against the ordinary use of willpower, in which a person risks more or less of the credibility of an 
intention by making particular exceptions, preserving enough credibility to motivate enough 
compliance.  “Helplessness” means that such arbitrage will always lead to loss of control, so the 
addict cannot “use” willpower but still sees her whole sobriety to be at stake in each choice.  In 
the same way nations can tacitly negotiate tariff practices, but are helpless against using nuclear 
weapons.  Different degrees of flexibility are possible in different circumstances, but the role of 
the current choice as a precedent is the same in all these cases.     
 

IV. Evidence about the mechanism of internal self-control 
 
Internal self-control goes beyond arranging external constraints Ulysses-fashion; it may 
sometimes include the rather unstable tactics of not paying attention to temptations or avoiding 
emotional arousal, but to be reliable over time it must have a more robust foundation.  This 
foundation gets called willpower or resolve, and various authors outside of economics have 
suggested mechanisms for it.  Philosophers (a) such as Michael Bratman (1999) and Edward 
McClennen (1990) have suggested that it comes from an avoidance of reconsidering prior plans ; 
social psychologists (b) such as Mark Muraven and Roy Baumeiser (2000; Baumeister et.al., 
2006) have hypothesized a faculty like a muscle that simply requires exercise and the avoidance 
of strain; behavioral psychologists (c) such as Howard Rachlin (1995) and Gene Heyman (1996) 
have said that it comes from the discovery that “molar” or “global” patterns of choice—
Aristotle’s “categorical choices”-- are more rewarding than “molecular” or “local” ones. 
 
However, these suggestions are inadequate.  Not reconsidering plans (a) can preserve prior plans 
by definition, but this mechanism will not account for cases where plans to resist a temptation 
are reconsidered and still kept, or formed de novo, in the face of the temptation.  It does not meet 
William James’ definition of  effortful will, where “both alternatives are steadily held in view, 
and in the very act of murdering the vanquished possibility the chooser realizes in that instant 
how much he is making himself lose” (1890, v.2, p. 534).  Some philosophers have lately moved 
toward filling in this gap with intertemporal bargaining models in line with the one described 
here (McClennen, 1997; Hanson, 2009). 
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The will-muscle (b) lacks a rationale for how its force interacts with the forces that are weighed 
in choosing, as well as for why it should be so much stronger against some targets than others 
(for instance, against smoking but not overeating).  The original muscle model came from 
experiments in which subjects’ work on an unattractive task reduced their subsequent 
performance on an unrelated task that also required self-control.  However, later work has shown 
that mere expectation of an impending unattractive task has the same effect.  Subjects who 
expect to be in an effortful situation show the same reduction in self-control as if they had 
already undergone the effort, which rules out literal exhaustion (“depletion”) as a mechanism 
(Muraven, 2006).  The strength effect is probably not a literal force, but a mental accounting 
phenomenon, and the entity depleted is not will but willingness.  This is consistent with an 
intertemporal bargaining model in which a single marketplace of motivation is swayed by how 
expectations are categorized:  When a person has been “good,” or expects to be, for a significant 
time, she may reduce her demands on herself; and when she has been good repeatedly, the self-
reputation that she stakes against relevant impulses grows, making higher demands possible.  
 
The behaviorists’ proposed mechanism, learning the value of categorical choice (c), does not 
abolish wishes for impulsive gratification.  If it did, the whole history of civilization would have 
been different.  The model I am describing is more from the tradition of behavioral psychology 
than from any other, but it adds a feature that is sometimes considered heretical within that 
field—the breakdown of a behaving organism into sequential parts (Rachlin, 2005).  I am 
arguing that this feature provides a necessary enforcement mechanism for otherwise toothless 
resolutions to behave according to principles. 
 
Direct evidence for the intertemporal bargaining hypothesis is obviously hard to obtain, since it 
rests on a recursive self-evaluation process that may be sensitively dependent on the person’s 
shifting interpretations of a given set of priors. Intuitively, the process of recursive self-
prediction can be pinpointed by thought experiments, the simplest of which is Monterosso’s 
problem (Monterosso & Ainslie, 1999):  Consider a smoker who is trying to quit, but who craves 
a cigarette. Suppose that an angel whispers to her that, regardless of whether or not she smokes 
the desired cigarette, she is destined to smoke a pack a day from tomorrow on. Given this 
certainty, she would have no incentive to turn down the cigarette— the effort would seem 
pointless.  What if the angel whispers instead that she is destined never to smoke again after 
today, regardless of her current choice?  Here, too, there seems to be no incentive to turn down 
the cigarette—it would be harmless.  Fixing future smoking choices in either direction (or 
anywhere in between) evidently makes smoking the dominant current choice. Only if future 
smoking is in doubt does a current abstention seem worth the effort. But the importance of her 
current choice cannot come from any physical consequences for future choices; hence the 
conclusion that it matters as a test case, or precedent.  Other thought experiments that lead to the 
same conclusion, particularly Kavka’s and Newcomb’s problems, are reviewed in Ainslie 
(2007).  It is interesting that, in direct self-reports, people insist on their wills’ being 
impenetrable entities, and cannot usually report their interpretation of current choices as test 
cases except through the medium of such thought experiments; possible reasons that people 
prefer this opacity are beyond the present subject. 
 
Controlled research is more tenuous, but promising.  In the bundling experiment by Kirby and 
Guastello, already described, a third group of student subjects received instructions for a 
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“suggested” condition:  The subjects would choose freely each week as in the “free” condition, 
but were also told, “the choice you make now is the best indication of how you will choose every 
time” (p. 159).  The rate of LL choice by these subjects, to whom it was suggested that the first 
choice set a precedent, was intermediate between the subjects who got no suggestion and those 
that chose all five weekly rewards at once.  Another experiment has been based on the money 
part of Kirby and Guastello’s design.  Student subjects reported the smallest SS reward they 
would strictly prefer in one day over a fixed LL reward in ten days (Hofmeyr et.al, 2010).   The 
subjects were then told that they would be offered paid choices between these two options “from 
four to six times” at biweekly intervals, and were actually given four.   Half the subjects were 
self-identified smokers, a rough marker for addiction proneness.  The smokers became more 
patient when they had to make the series of biweekly choices all at once, or when it was 
suggested to them that “the choice you make now is the best indication of how you will choose 
every time,” thus perhaps compensating for their initial trend toward being less patient than the 
non-smokers.7 

   

At present the best evidence for the intertemporal bargaining model may simply be its parsimony 
in comparison with alternative models of self-control.  Behavioral economists have recently 
proposed a number of mechanisms, but I will now argue that they fail to describe self-control 
that is truly simultaneous with temptation, that is, while competing options remain open.  
Furthermore, recursive self-prediction specifically predicts several related phenomena, which 
any model of internal self-control should be able to handle, but which behavioral economists 
have generally not considered.   An exception is the article by Benabou and Tirole (2004), who 
follow the present author’s account (1992) except for the mechanism hypothesized to make self-
prediction necessary (see next section).  I will discuss some of these phenomena after examining 
representative behavioral economic proposals that have recently been based on β-δ discount 
functions. 
 

V. Models of self-control without recursive self-prediction 
 
The primary phenomenon requiring a theory of self-control is the temporary dominance of SS 
rewards over LL alternatives, that is, temptation.  The crucial element of any model is the way 
that a person overcomes this temptation.   The behavioral economic models of self-control that 
have been proposed thus far can be described in roughly three groups, based on the self-control 
mechanisms hypothesized—although sometimes the exact nature of the mechanism is unclear, or 
more than one is suggested.  First, a person might be thought of as unable to exert mental 

 giving her no options but to set up her future incentives in 
 on the impulsive side of the conflict might be thought of as dv

         
7 Others have also reported smokers to discount future money more steeply than non-smokers 
(Bickel et.al., 1999).  The experimental manipulations did not further increase the non-smokers’ 
patience.  A possible interpretation is that the non-smokers were already avoiding impulsiveness, 

ut the smokers were open to improvement from strategic methods. b
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arising autonomously or semi-autonomously, and pushing actively against simultaneous motives 
for self-control.  The mechanism of control then depends on what the contending forces are 
assumed to be.  Finally, a person might be thought of a maximizing discounted expected utility 
along a single dimension, in which case self-control depends on the bookkeeping process by 
which she estimates prospective reward.  These groups could be labeled prior strategy models, 
dual motivation models, and re-valuation models, respectively.  
 
None of the models that have appeared in the behavioral economic literature thus far use true 
hyperbolic curves, and all stop short of recursive self-prediction itself.  Informal discussion has 
suggested that the obstacle is economists’ determination to predict unique decisions, in principle 
at least, from a given set of prior motives.  Recursive self-prediction not only undermines the 
asymptotic approach that generates such predictions, it argues for their basic impossibility, 
depicting instead an inescapable self-referentiality (see “free will,” below).  As with self-
enforcing contracts of the interpersonal kind, personal rules both create and depend on 
regularities of choice, but are ultimately sensitive to self-predictive evidence according to an 
unlimited set of possible rationales.  Existing behavioral economic models cannot depict an 
ongoing contest between self-regulation and simultaneous temptation within an individual 
because of their insistence that outcomes are calculable from a knowledge of prior incentives.8   
 
Prior strategy models.  The model of a relatively powerless but farsighted agent is what Strotz 
proposed (1956), referring back to Ulysses and the Sirens.  Beginning in 1999 O’Donoghue and 
Rabin published a series of game-theoretic analyses of impulsiveness (1999, 2000, 2001).  They 
pointed out that people who are not aware of their tendencies to form temporary preferences for 
SSs (“naifs”) would always fail to complete long term plans.  People who are fully aware of 
these tendencies (“sophisticates”) may take evasive action, but the authors proposed no way that 
people could increase their motivation in opposition to a surging SS reward (the β spike, above).  
Sophisticates have to take the prospect of preference reversal at certain choice points as given, 
and find prior actions that prevent themselves from arriving at those choice points, just as Strotz 
had originally concluded.  That is, they are restricted to plans in which the choices of all future 
selves are in Nash equilibrium.  In Thaler and Shefrin’s terms (the first of the dualistic economic 
models, as Benabou and Pycia point out-- 2002) the doer of one moment is the planner of future 
moments, with their functions distinguished only by the β spike that influences the doer but not 
the planner. 
 
Dual motivation models.   Many authors  have been uncomfortable with the notion that plans 
cannot be expected to succeed without a Nash equilibrium among all expected motivational 
states.  Under that assumption the planner is limited to a role no more privileged than a doer.  
Various proposals have been made to separate the planner and doer not just by time, but by 
capability.  A frequent solution is a dualism that pits one faculty against another, either weak 
flesh versus a sovereign will or a lower part of the brain restrained by a higher part.   
 

      
8 This is not to say that such calculations cannot work for whole populations; the behavior of an 
individual water molecule is chaotic, but water still flows reliably downhill.   
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Gul and Pesendorfer were the first behavioral economists to criticize solutions that rely on prior 
commitment (2001, 2004), pointing out that self-control can often be exercised in the presence of 
tempting choices.  They proposed that self-control is achieved by “transferring resources” from 
the current period to a period where the person expects to change her preferences, thereby 
presumably funding a will-like function that can oppose the later temptation.  This transfer has a 
measurable cost, defined as the difference between [gain from the long range goal, net of effort] 
and [gain from the long range goal when precommitment makes effort unnecessary].  In the face 
of temptation a person has three options: to rely on an external precommitment that she 
previously set up; to give in to the temptation; or to oppose a currently dominant impulse with a 
special endowment of motivation called only “self-control.”  The first and second options are the 
same as in O’Donoghue and Rabin.   The third option lets the rational agent wrestle down the 
impulse while it is current, as people often say they do.   However, the motivation that 
overcomes the impulse is no longer the motivation that the person weighs in making choices.  It 
is in a sequestered fund of “transferred resources,” which represent a cost but are not a factor in 
re-evaluating preference.  Without a capacity to re-evaluate options at the moment of choice this 
model is dualistic.  
 
Fudenberg and Levine adopted the planner-doer model and differentiated it from quasi-
hyperbolic models in that there were two “subsystems” that interact to determine choice (2006).  
Their “long-run self” and the “short-run self” are ultimately motivated by the same utility (p. 
1455), but the selves do not compete on the basis of these utilities.  The interaction is that the 
planner constrains the choices of future doers by “choosing an appropriate utility function” for 
them (p. 1450).  Sometimes the long run plan is enforced by physical commitments, such as by 
drawing from a bank account in advance the amount of money to be available in a casino; 
beyond such constraints, it is not clear what keeps the doer from seizing control of its utility 
functions to favor current consumption.  Without such a mechanism, this model, too, is dualistic. 

 

Brocas and Carrillo propose that farsighted but reward-insensitive planner functions 
(“principals”) can get information about the value of alternatives only by calling upon 
(“delegating to”) short-sighted but reward-sensitive doer functions (“agents”), at a risk of being 
seduced by the options that tempt the doer functions (2008).  A person’s balance between 
impulsiveness and control then depends on the extent to which the planners invite this sampling, 
gathering information but sometimes finding out thereby that they face a dominant SS reward.  
The authors propose that the planner uses “personal rules” to limit the doer’s opportunities, but 
the nature of the motivation that enforces these rules is not clear. 

The main problem with dual motivation models is that they do not model a single choice 
mechanism, only move the determinants into either a self within the self (a sovereign will, such 
as self-control tout court) or a conflict of “energy systems [that] have some degree of 
independence from each other” (Donald McIntosh, quoted approvingly by Fudenberg and 
Levine, 2006, p. 1449).  With dual energy systems the planner gets its authority from a special 
kind of anti-impulsive motivation, much like the “strength” of Baumeister’s will-muscle 
described in the previous section (Baumeister et.al., 2006).  Some authors explicitly cite 
Baumeister’s work (e.g. Benhabib & Bisin, 2005; Fudenberg & Levine, 2006; Loewenstein & 
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O’Donoghue, 2007).  Loewenstein and O’Donoghue suggest how this strength can be weighed 
against an impulse to yield a single decision value, but the source of the strength remains 
separate, and obscure (2007).  They measure willpower as an “effort cost” that “the deliberative 
system must exert… to induce some behavior different from the affective [i.e. impulsive] 
optimum,” which they characterize also as “the cognitive effort required to induce a given 
deviation from the affective optimum” (ibid., p. 18).  They add that strength regenerates over 
time, and that when it is depleted “exerting willpower becomes more costly” (p. 18). 
 
Fudenberg and Levine have lately moved closer to a re-valuation model by framing the 
Baumeister group’s “strength” as “willpower stock,” a “cognitive resource” and thus not a 
separate motivational force (Fudenberg & Levine, 2010).  Likewise, the “long-run self” now 
does not have its own motivation, but “maximizes the discounted sum of short-run self utilities” 
(p. 46), which are themselves allowed to have some long-run valence.  And the history of the 
person’s choices can be a factor in what this sum is.  These authors’ revised model recognizes 
utility discount rates that are inversely proportional to delay, and might seem to be heading 
toward reward bundling; but long- and short-run selves are still separate agents with different 
cognitive capacities (“the strategic naivete of the short-run self as a passive actor”—p. 49), and 
these selves take turns making moves in response to temptation.  It is odd also that a purely 
cognitive stock should be depleted by exercise.  Most importantly, response history is not said to 
affect the sums of expected reward, and the creation of history is not itself a motive in choice; 
the history merely reflects the depletion or (spontaneous) regeneration of willpower stock.  This 
model still does not allow an integrated current self to evaluate and sometimes control impulses 
simply according to maximal expected discounted reward. 
 
Behavioral economists have been encouraged to create dualistic models by neuropathological 
and recent neurophysiological studies.  The brain has many areas with specialized functions, and 
disruption of their usual relationships by injury, surgery, or experimental manipulation often 
results in subjects’ over-valuation of short term rewards (Bechara, 2006).  Even in the normally 
functioning brain sites in the limbic system, an evolutionarily older set of structures in the 
borderland between cortex and midbrain, have been reported to be differentially active when 
rewards are imminent (McClure et.al., 2004, 2007).     However, none of these findings is 
evidence that the various brain areas fail to coordinate with one another in the normal brain to 
create a single marketplace of choice, as an occasional behavioral economist has pointed out 
(e.g.  Benhabib and Bisin, 2005, p. 480).  Even when some areas are abnormally stimulated, as 
by addictive drugs, such a marketplace seems to remain operative (Heyman, 2009).  
Furthermore, the functional separation of long and short term motivational centers is in doubt.  
Evidence that some brain valuation sites do not respond to delayed rewards has been 
contradicted by research showing that all valuation sites respond to delayed prospects and 
discount them at the same rate (Kable & Glimcher, 2007; Pine et.al., 2010).9 

      
9 This finding is not surprising in light of the fact that animals lacking a prefrontal cortex have 
ong been known to evaluate SS/LL reward tradeoffs (Ainslie & Herrnstein, 1981) and 
ometimes to commit themselves against future impulses (Ainslie, 1974; Deluty et.al , 1983). 

l
s
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An entirely different problem with planner/doer models, particularly those that assign these roles 
to distinct sites in the brain, is that a given process may relate to another process as a planner 
while relating to still another as a doer.  For instance, a planner with a goal of good long term 
social relationships may have to deal with doers who want to get revenge on a rival, conduct an 
illicit love affair, or play an ill-advised practical joke.  But the processes governing those 
behaviors may in turn have to act as planners against doers that try to consummate them too 
rashly, and those doers in turn need to control urges to panic or succumb to embarrassment in the 
midst of these behaviors.  A person’s interest often must be able to defend itself against both 
longer and shorter term interests, but could not do so if, as dualistic models require, the two roles 
demanded different information or different capacities.10   

 

There is still another problem with the models that base resistance to temptation on paying the 
cost of self-control per se, rather than on the relative values of the options.  They make the 
motivation that supplements the momentary value of the LL option into something like a fuel, 
which is consumed as it operates, just as a flexed muscle consumes glucose.  Gul and 
Pesendorfer (2001, 2004) propose this effort/fuel cost to be “the utility of the best foregone 
option” (the reward value of the temptation at the time of its maximum) minus “the utility of the 
option chosen,” (the value of the long term reward at that time).   Fudenberg & Levine would 
multiply the foregone utility by a steepness factor (2006, p. 1455).  In both models the difference 
between temptation value and discounted long term value is said to be a measure of the effort 
that an external commitment device would save the person from spending—or burning-- and 
hence of the value of such a device.  This kind of computation confounds the differential 
motivation needed for self-control with whatever frustration, doubt, or pain is experienced while 
controlling oneself.  Granted, in these models the extra motivation needed does have to exceed 
the “cost” level as computed in either model, and exceed it at every moment where the person is 
free to choose; and the utility of the “best foregone option” (= impulse) may include the 
avoidance of subjective effort incidental to self-control.  But subjective effort is not proportional 
to force of will; close choices are more effortful than strongly motivated choices.  The more 
confident the recovering alcoholic or smoker is that she will not lapse, the easier it is for her not 
to lapse.  Nor does this change come from a reduced attractiveness of the impulse.  For instance, 
Orthodox Jews who absolutely never smoke on the Sabbath report that this takes little effort, 
even though they may remain active smokers on other days (Dar et.al., 2005).      
 
Instead of just outbidding the SS alternative, the long term interest is seen in the above models as 
consuming a resource—the reward that was set aside earlier—to suppress it.  The value of 
external commitment devices may well include effort spared because of the certainty they bring, 
but there are internal as well as external sources of such certainty.  Confidence in a personal rule 

       
10 Economic models have never dealt with urges such as panic that are punished almost 
immediately.  There is no room here to deal with the deus ex machina of “conditioned”—
unmotivated-- behaviors (See Ainslie, 2010b), but their practical effect is to create even shorter-
term doers with respect to all ranges of longer term planner-doers above them. 
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executive function, or supervis

                                                  

may also produce certainty without effort.11  That is, the extra quantum of effort equivalent to 
the reward foregone by not indulging an impulse is not necessarily consumed by (or costed to) 
the operation of the rule.  The difference in models is between deterring enemies (outbidding 
impulses) and fighting them (neutralizing impulses).  In dual motivation models self-control does 
not involve a comparison of incentives but an active neutralization process, in which the will 
controls an impulse by paying a recurring motivational cost that matches the extra value of the β 
spike.  In this it is reminiscent of Freud’s anticathexis, the expenditure of energy to maintain 
repression, in the model he called “economic” (1915, pp. 180-185).  However, the prospective 
cost of self-control is more apt to be multifactorial, comprising intrinsically the value of the 
foregone impulse, but sometimes also anxiety at possible lapsing, the pangs of appetite aroused 
but not satisfied, the harmless reward foregone by giving the impulse a wide berth, and possibly 
other components of “effort”-- but not including the anti-impulsive motivation itself, increases of 
which, as I have just pointed out, make self-control less effortful rather than more.   
 
Re-valuation models.  In these there are no separate faculties or poorly communicating brain 
centers, but the choice of commensurable options in a single marketplace.  The behavioral 
economic versions of these models still assume β-δ discount functions, explicitly or implicitly. In 
them the job of self-control entails framing the LL alternatives in a way that increases their 
expected value, just as in a reward bundling model, but without the deterrent effect of staking 
aggregate prospects against current choices; and they are constrained by the poor combining 
properties of β-δ functions.   

 

Benhabib and Bisin propose that self-control requires “active maintenance of a [long term] goal-
like representation” whose cost, unlike that of Gul’s and Pesendorfer’s willpower, “is 
independent of the temptation” (2005, p. 470).  Here the usual rational agent or “control process” 
competes with an “automatic process,” as described in psychology to underlie “classical 
conditioning and Pavlovian responses” (pp. 463-464).  They mean their model not to depend on 
the “visceral/rational dichotomy per se” (p. 464n), but since a Pavlovian response is unmotivated 
by definition and their automatic processes compete on the basis of motivation, the best 
interpretation of their model is that their automatic processes are viscerally rewarded.12  These 
two kinds of “processing pathways” compete strictly on the basis of prospective reward:  “An 

ory attention system, modulates the activation levels of the 

       
11 Heidhues and Koszegi propose a model that does not differentiate deterrence, which might be 
cost-less (e.g. having oneself banned at nearby casinos) from effort that has to be expended; 

lthough they interestingly include the possibility of “internal rules” (2009, p. 428), they do not 
a

A
s y how these are motivated or what governs their cost.   
 
12 Most processes described by psychologists as “automatic” might equally well be called 
“mindless,” the kind of process that leads an abstinent smoker to light up before she thinks 
about it, but not one that permits smoking while aware of the conflict.  An attempt is 
sometimes made to stretch the concept to account for compulsive behaviors, but they are 
clearly a different phenomenon. 
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different processing pathways, based on the learned representation of expected future rewards” 
(p. 464).  The executive function calls on one or the other (necessarily before the automatic 
pathway is active) depending on (1) what reward the automatic pathway is expected to bring 
(time unspecified), and (2) the cost of inhibiting the automatic pathway, which is determined not 
by the alternative reward-- as in Gul & Pesendorfer-- but by “the costs of maintaining a 
representation [of the long term goal] in active memory” (p. 466).  Temptations that the 
executive function estimates to be not worth this effort are given in to.   

This model does not seem to depict true willpower, in which, as William James said, the 
temptation is “held steadily in view” (1890, p. 534); rather its marketplace is shut down at some 
point before an SS reward is available, after which the still-dominant long term interest uses 
direction of attention as a commitment device.  The sustainability of this tactic is necessarily 
limited.  The examples the authors quote from experimental psychology are Stroop-type 
experiments testing the direction of attention over fractions of a second (pp. 464-465).  This 
problem is exacerbated by the possibility that a SS option might become dominant hours or even 
days before it is available—the lure of a binge, for instance, or of a wasteful purchase.  The 
model is similar to the Bratman/McClennen non-reconsideration hypothesis described above, 
and it suffers from the same limitations.  However, the authors seem also to be edging toward 
recursive intertemporal bargaining.  They recognize that a current choice-maker “expects from 
all future selves the same behavioral rule he himself adopts, and in equilibrium he sets his 
present consumption-saving rule accordingly” (2005, p. 477).  They just do not describe how 
setting such a present-consumption rule can let aggregated LL rewards stay dominant in a 
marketplace that does not shut down during the actual choice, or how this could be a recursive 
process—that is, how the threat of future lapses could motivate avoidance of present 
consumption.  Similarly, Heidhues and Koszegi discuss the motivational impact of failed 
attempts at self-control and uncertainty about the adequacy of future attempts (2009), necessary 
elements of recursive self-prediction; but these authors do not relate the two factors.  That is, 
they do not consider whether failed attempts at self-control affect future costs or probabilities of 
self-control. 
 
Benabou and Tirole accept the self-enforcing contract model I have described for pure 
hyperbolic curves, and most of its implications (2004).  However, they seek to preserve the 
general form of the exponential curve, with its implication of a natural stability of intentions over 
time.  They postulate that visceral motives generate β-δ curves, but recognize that something has 
to keep the β spike from being anticipated so that a revaluation of the SS reward toward being 
LL would not occur (p. 857)-- the way that appetite ordinarily becomes factored into the value of 
rewards.  Therefore the intensity of the β spike has to be “imperfectly known,” and so people 
must have “an imperfect recall of past motives and feelings,” such that they must “draw 
inferences from their own past actions” (p. 848).  By this roundabout route recursive self-
prediction and intertemporal bargaining are made necessary, permitting the implications that I 
have outlined above.  

 

Only one theorist has examined the possibility of  intertemporal prisoner’s dilemmas, and he 
seems to have misunderstood the properties of hyperbolic curves.  Andrew Musau uses 
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exponential, quasi-hyperbolic, and hyperbolic functions to calculate the incentive for cooperation 
in the iterated game as the sum of the discounted values of each outcome (2009).  However, he 
assumes that the hyperbolic discount curve becomes increasingly steeper than an exponential 
curve as delays increase, leading to a conclusion that there is no incentive to cooperate using any 
of the functions, so no intertemporal bargaining will happen.  On the contrary, although 
hyperbolic curves are steeper than exponential ones at short delays, they are decreasingly steep 
with longer delays and become less steep than exponential curves, leading to more incentive to 
cooperate as more delayed rewards are taken into account.  

  

Recent proposals have built upon Read, Loewenstein and Rabin’s “motivated choice bracketing” 
(1999), the observation that choices are apt to be more patient if made between whole categories 
of outcomes (i.e. bracketed broadly) than between single pairs (bracketed narrowly).  An agent 
may construct goals (Hsiaw, 2009) or reference points (Koszegi & Rabin, 2009) that represent 
expectations about her future choices, and that constrain future behavior by the threat of 
disappointing these expectations.  These concepts move toward an enforcement principle for 
broad bracketing, since their agents are aware, if “sophisticated,” that larger categories of future 
rewards depend on current choices.  Such an approach might operationalize the process of 
recursive self-prediction, but so far they have lacked an explicit role for current choices as test 
cases of self-control, which would be necessary for an actual bargaining model.  The agents’ 
motivation for long term goals would also be seriously underestimated without the use of pure 
hyperbolic curves.  

VI. Complex phenomena predicted by intertemporal bargaining 
 
In the behavioral economic models reviewed in the foregoing section, impulses have been 
cognitively blinkered processes that prevail only because a foresighted process has failed to act 
upon them in some way that would take their incentives out of the marketplace of choice.  
Certainly some tactics against SS options involve this kind of precommitment, particularly the 
narrowing of attention to avoid re-evaluating an intention, or the early avoidance of emotional 
arousal.  However, in many choices both sides stay in active competition, and the SS option is 
preferred despite an awareness of its long term consequences.  In the recursive intertemporal 
bargaining model proposed here either the impulsive or the patient side can prevail simply 
because, in a contest between interests with full cognitive abilities, it promises the greater 
discounted prospective reward at the moment of choice.  The need for this flexibility is evident 
in several common observations: 
 
 Rationalization. Although the likelihood that a person will indulge in impulsive 

consumption is often affected by how soon it would be possible, most indulgences are 
continuously available without great delay.  The limiting factor is then whether she 
regards them as permissible, that is, non-threatening to relevant larger prospects.  The 
perception that a much larger reward, or bundle of rewards, depends on a current choice 
puts pressure on a person to find some reason that the current choice is not a valid test 
case for the larger prospect.  What is commonly called rationalization is the activity of 
distinguishing the case at hand from a larger category—“New Year’s doesn’t count,” 
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“someone has made me a special offer,” “”I’m on vacation,” and many other forms of 
“just this once.”  Without recursive self-prediction, this internal legalism would lack an 
incentive. 

 Repression and denial. In the β-δ models we have been considering, a person who 
foresees an impulse has an incentive to avoid it by directing her attention elsewhere.  
However, in clinical lore the motivated manipulation of attention is more apt to be in the 
service of covering up impulses than of preventing them.  This restriction of attention in 
the service of short-term interests makes sense only in the context of intertemporal 
bargaining:  A person who has attempted willpower and committed a lapse is motivated 
to avoid perceiving the lapse.  If she succeeds in not seeing the lapse (repression) or not 
interpreting it as a lapse (denial) without identifying these maneuvers, she can maintain 
her expectation of intertemporal cooperation.  Motivated self-deception has been shown 
to occur even with trivial motives when the criteria with which a subject tests her own 
performance are sufficiently ambiguous (Mijovic-Prelec & Prelec, 2010) . 

 Mental accounts. Thaler and Shefrin described how people divide occasions for choice 
into mental accounts, for instance pocket money vs. savings vs. investments, to prevent 
the defeat of long term plans by the temptations of everyday life (1981).  Any bias toward 
present consumption would make such accounts useful, but there would be no 
mechanism to maintain them unless they were self-enforcing contracts that depended on 
recursive self-prediction (see Ainslie, 1991).  They are, in effect, personal rules, and 
subject to rationalization, repression, and denial.  The increased salience of increased 
amounts to personal rules for thrift could account for the “magnitude effect” in which 
people have been reported to express more patience toward larger rewards than toward 
smaller ones, an effect that is not seen in nonhuman animals (Green et al., 2004). 

 Chronic failures of will. Repeated lapses in a particular kind of circumstance are likely to 
result in the person’s discrimination of that circumstance from the larger bundles that are 
crucial to her willpower, leading to what are in effect involuntary mental accounts-- 
circumscribed areas of dyscontrol in which the person abandons her attempts to use her 
will so as to preserve its credibility in other areas (“I have to smoke after a meal,” “I 
can’t get myself to speak in public,” etc.).  People’s experience of what would seem to be 
voluntary choices as involuntary symptoms has otherwise puzzled theorists. 

 Compulsive character. A person’s uncertainty about how she will interpret a current 
choice when looking back from the moment of a future choice will create an incentive to 
give temptations a wider berth than sheer calculation would require.  If she is especially 
afraid of impulses she may come to perceive a failure to give such a wide berth as itself 
something of a lapse (Ainslie, 1992, p. 188).   Bodner and Prelec showed that the 
additional “diagnostic utility” of such “self-signaling” could motivate drift into poles of 
scrupulous self-control or irresistible impulsiveness (1997, 2001).  Conversely, if the 
direction of drift is away from scrupulous self-control, the result may be a chronic 
circumscribed failure of will, as in the foregoing paragraph. 

 Great variability in patience. The degree of human patience (k in Formula 2) that has 
been estimated both from self-reports and actual choices varies hugely among people, 
and among kinds of reward within a person (Frederick et.al., 2002).  This variability 
contrasts with the single-digit consistency observed in nonhuman animals (Mazur & 
Biondi, 2009; Ainslie & Monterosso, 2003).  This contrast makes sense if we understand 
the human findings not to represent innate preferences, but preferences based to a greater 
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or lesser extent on intertemporal bargaining practices, with more or less skill and 
divergent histories.  

 “Free will.” One argument that has been advanced for dual motivation models is that 
whereas even “the quasi-hyperbolic model has multiple equilibria, the dual-self 
equilibrium is unique” (Fudenberg & Levine, 2006).  Of course the multiple equilibrium 
attribute applies all the more to a recursive self-prediction model.  However, it may be 
that a technically chaotic mechanism such as recursive self-prediction is the way of the 
world.  Small changes of perceived symbolism—and hence category membership-- may 
radically change the implications of the current choice as a test case, so that a person 
cannot be absolutely sure of what her motivation and hence her choice will be even in the 
near future.  This would create both the introspective opacity and sense of participation in 
one’s own decisions that have been seen as key to the experience of free will (Holton, 
2009; Ainslie, 2011).  Economics has adopted the commonsense notion that people weigh 
their incentives and then act on them in straightforward fashion.  However, after some 
experience with temporary preferences an agent may come to factor self-signaling into 
her choices as second nature, making her decision process fundamentally recursive.  
Perhaps, to paraphrase physicist Stanislaw Ulam, the scope of non-linear self-control is 
like the scope of non-elephant zoology. 
  

Conclusions 
 
The proposals that have descended from Laibson’s β-δ formula have not fully modeled self-
control.  Despite a sometimes Ptolemaic intricacy, they do not depict motivational interaction 
that occurs while temptation is present.  Those models that include willpower at all either 
envision a faculty with a motivation (“strength”) different from the motives that are weighed in 
the marketplace of choice, or rely on incompatible goals among diverse brain centers.  Both 
assumptions are questionable, but these models’ biggest problem is that they do not let 
resolutions withstand re-examination while being challenged by impulsive alternatives.  I have 
suggested here a return to the pure hyperbolic discount function as originally proposed (formula 
2; Ainslie, 1975, 1992), which can motivate a recursive process of self-prediction and thereby 
the formation of self-enforcing intertemporal contracts.  Such a process does not require a 
separately motivated faculty of will, or incompatible goals among brain centers.  As the person 
bargains over time this process may evolve into rational planning and the experience of free will, 
but also into such familiar irrational phenomena as rationalization, defensive denial, 
circumscribed failures of will, and compulsiveness.  Differences in this evolution among 
individuals and among topics within an individual may account for the notorious variability in 
human delay discount rates that experimenters elicit.   But the fundamental virtue of a pure 
hyperbolic discounting model is the generation of self-control that is simultaneous with 
impulses-- willpower in William James’ “eyes open” sense. 
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