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Abstract9

Human discounting studies have frequently observed hyperbolic discounting of rewards that are delayed or probabilistic. However, no studies have
systematically combined delay and probability in a single discounting procedure. Indifference points of hypothetical money rewards that are both
delayed and probabilistic were determined. Probabilities were converted into comparable delays according to the h/k constant of proportionality
determined by Rachlin et al. (1991), and discounting rates were calculated. These data provided a very good fit to the hyperbolic model of
discounting, suggesting that delay and probability can be combined into a single metric in studies of discounting. The inclusion of a magnitude
condition found the Magnitude Effect commonly found in studies of temporal discounting. A temporal resolution of uncertainty condition found
no effect. The present paper offers a novel statistical method, within an established framework, for the analysis of data from studies of discounting
that combine delay and probability.
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Experimental studies have often conceptualized impulsive-1

ness and self-control as two ends in a continuum: Impulsiveness2

is exhibited in preference for small, immediate gains over large3

gains delayed in time, and self-control is exhibited in prefer-4

ence for large gains delayed in time over small, immediate gains5

(Ainslie, 1992; Rachlin, 1995). The conceptualization of the6

impulsiveness/self-control continuum in this way is considered7

a good experimental analog for a variety of human choice sit-8

uations including whether or not to exercise, consume illegal9

substances, or pursue advanced education. Studies of delay dis-10

counting quantify this continuum by determining the rate at11

which subjective value of an outcome in the future decreases12

as delay to that outcome increases.13

Economic analyses of delay discounting assume that the rate14

of discounting is exponential, where the reduction in value is15

proportional at each unit of time.16

vd = Ve−kd (1)17

In this equation, the discounted value of an outcome (vd) is equal18

to the product of the undiscounted value (V) and a constant (e)19
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raised to the inverse of the product of delay (d) and a discount- 20

ing parameter (k). This free parameter (k) provides a measure 21

of the degree to which the value of a reward is discounted when 22

it is delayed, with higher values of k indicating greater dis- 23

counting and more impulsiveness. However, if the value of k is 24

assumed to be constant within subjects, the exponential model 25

fails to account for the preference reversals commonly observed 26

in studies of choice (see Green and Myerson, 1993 for relevant 27

issues). 28

Preference reversal refers to the observation that preference 29

for an immediate reward over a delayed reward tends to switch 30

to the other alternative as an equal delay is added to both alter- 31

natives. A model of delay discounting, with a constant value 32

of k within subjects, must predict such preference reversals. 33

That is the case of hyperbolic functions such as Mazur’s (1987) 34

hyperbolic discounting model. This model not only accounts 35

for preference reversals, but has been found to describe human 36

and non-human animal behavior in inter-temporal choice more 37

accurately than the exponential model (e.g. Kirby, 1997; Kirby 38

and Markovic, 1995), accounting for a greater proportion of the 39

variance. 40

vd = V

1 + kd
(2) 41
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In this equation, the discounted value of an outcome (vd) is42

equal to the ratio of the undiscounted value (V) and the quantity43

one plus delay (d) multiplied by a discounting parameter (k).44

Like the exponential model, higher values of k indicate more45

impulsiveness.46

Mazur’s (1987) discounting parameter has successfully dif-47

ferentiated, in the predicted direction, many populations thought48

to differ in impulsiveness. Delay discounting procedures have49

found that children are more impulsive than adults (Green50

et al., 1994, 1996), males are more impulsive than females51

(Kirby and Markovic, 1996), and pathological gamblers (Alessi52

and Petry, 2003; Petry, 2001) and various drug-dependent53

populations (Bickel and Marsch, 2001) are more impulsive54

than controls. Different delay discounting rates have been55

observed in clinical populations when DSM-IV diagnoses56

were used as predictors of impulsive behavior (Crean et al.,57

2000).58

In addition to delay, the value of an outcome also decreases as59

a function of its probability of occurrence: $10 with a 0.5 prob-60

ability is worth less than $10 with certainty for the vast majority61

of people. Some researchers have proposed that discounting of62

probabilistic rewards is a result of discounting due to expected63

waiting time to receive the reward (Rachlin et al., 1986, 1991),64

that a probabilistic event is one that occurs with a relative fre-65

quency over a series of repeated opportunities for its occurrence.66

For example, when a coin toss is repeated over a series of trials,67

saying that its probability of landing on heads is 0.5 means that68

heads will be the outcome in about one half of the trials (the larger69

the series of trials, the more the relative frequency of obtained70

heads will approximate the nominal probability). Rachlin et al.71

(1986) point out that, over these repeated trials the target event72

will sometimes occur after the first toss, other times after the sec-73

ond, the third and so on. This generates a geometric distribution74

of expected delays to the event, from which one can estimate the75

average expected time to its occurrence. Rachlin et al. argue that76

it is this average expected delay to the reward that leads to the77

discounting of its value. Low probabilities lead to long average78

expected delays and are in turn discounted more than high prob-79

abilities which lead to short average expected delays. Based on80

this interpretation, the study of the effect of probability is fun-81

damentally the study of the effect of delay, and the basic process82

of discounting should conform to Mazur’s (1987) hyperbolic83

discounting model, with odds-against winning (an estimation84

of the average expected waiting time) replacing delay in the85

equation.86

vd = V

1 + hθ
(3)87

The discounted value of an outcome (vd) is equal to the ratio88

of the undiscounted value (V) and the quantity one plus odds-89

against (θ = (1 − probability)/probability) multiplied by a dis-90

counting parameter (h). Rate of probability discounting has been91

found to fit this hyperbolic function (Green et al., 1999; Rachlin92

et al., 1991).93

In contrast to the position that the delay inherent in proba-94

bilistic events is responsible for probability discounting, oth-95

ers (e.g., Green and Myerson, 1996; Stevenson, 1986) have96

proposed that delay discounting is due to the uncertainty 97

inherent in the delay to a reward; the degree of uncertainty 98

about collecting a delayed reward increases as delay increases, 99

and this increase in uncertainty results in discounting. Dis- 100

counting due to probability (degree of uncertainty) is then 101

more fundamental because uncertainty regarding the arrival of 102

the reward is the cause of discounting. Based on this inter- 103

pretation, the study of delay is fundamentally the study of 104

probability. 105

Arguments for or against each of these positions aside, both 106

conclude that the effect of delay and probability discounting 107

on the value of rewards can be reduced to one common dis- 108

counting process. The purpose of the present experiment is to 109

examine the combined discounting effects of delay and proba- 110

bility. We know of no discounting studies that have determined 111

indifference points for outcomes that are both delayed and prob- 112

abilistic. Though some decision-making studies have included 113

one alternative that was both delayed and probabilistic (e.g. 114

Keren and Roelofsma, 1995; Navarick, 1987; Sagristano et al., 115

2002), these were not discounting studies and made no attempt 116

to assign a value (indifference point) to the delayed and prob- 117

abilistic alternative. Though the experiential discounting task 118

(EDT; Reynolds, 2006; Reynolds and Schiffbauer, 2004) does 119

determine indifference points for rewards that are both delayed 120

and probabilistic, all rewards were available with a single proba- 121

bility and model-fitting analyses did not incorporate the specific 122

probability. The present procedure is not only novel, but allows 123

for a parametric examination of the combined effect of delay and 124

probability as well as explore the possibility that results may be 125

consistent with results from previous studies examining delay 126

and probability discounting independently. 127

In the present experiment, indifference points were deter- 128

mined for hypothetical money rewards that were both delayed 129

and probabilistic. Rachlin et al. (1991) previously determined 130

subjectively equivalent delays and probabilities by asking par- 131

ticipants to choose between hypothetical money that was delayed 132

and hypothetical money that was probabilistic. For instance, par- 133

ticipants were asked choose between $1000 delayed by 6 months 134

and $1000 with various probabilities. Systematic variation of the 135

probability allowed Rachlin et al. to determine the probability at 136

which $1000 delayed by 6 months was subjectively equivalent. 137

Delay and probability was equated in this manner, resulting in 138

the constant of proportionality and allowing for delay and prob- 139

ability to be unified into a single metric. 140

dequivalent = 35.3θ (4) 141

Eq. (4) converts odds-against (θ: determined from explicit prob- 142

ability) to an equivalent subjective delay (dequivalent) that reduces 143

reward by the comparable amount (or vice versa). This equiv- 144

alent delay can then be added the explicit delay to determine a 145

composite (Eq. (5)) that should result in discounting due to the 146

explicit delay and probability. 147

composite delay = d + dequivalent (5) 148

When events are both delayed and probabilistic, the compos- 149

ite delay combines discounting from both delay and probability 150
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into a single metric (delay). For instance, a 25% probabilistic151

reward delayed by 1 week has a composite delay of 112.9 days.152

This composite delay is the sum of 105.9 days (θ of 25% prob-153

ability = 3; from Eq. (4)) and 7 days (1-week delay).154

vd = V

1 + k(d + 35.3θ)
(6)155

Eq. (6) is Mazur’s (1987) hyperbolic equation when composite156

delay (calculated from Eqs. (4) and (5)) replaces the previous157

explicit delay. If discounting due to delay and probability can158

be equated in this manner, indifference points should decrease159

hyperbolically (rather than exponentially) regardless of the indi-160

vidual components that make up the composite delay; a high161

probability/long delay reward and a low probability/short delay162

reward may be equally discounted because both could yield sim-163

ilar composite delays. Alternatively, data more consistent with164

the exponential model would indicate that the subjective effect165

of delay and probability together are dissimilar to those of delay166

and probability independently (i.e. do not result in hyperbolic167

discounting).168

Given the relevance of the magnitude variable in the analy-169

sis of discounting, $10 and $1000 magnitude conditions were170

included in the design. Furthermore, results from decision-171

making research show that the point at which the outcome of172

a probabilistic event is known relative to a delay (temporal res-173

olution of uncertainty) is an important variable in choice (Arai,174

1997; Sagristano et al., 2002; Wu, 1999). For this reason, we175

included early and late temporal resolution of uncertainty con-176

ditions (i.e. conditions where the outcome was known before the177

beginning of the delay to the reward or at the completion of that178

delay).179

1. Method180

1.1. Participants181

Twenty-nine college students between 18 and 22 years of age182

were recruited for this study. These participants were recruited183

from a psychology departmental subject pool, and received184

credit in an introductory level class for participation. One par-185

ticipant was excluded from the analysis due to incomplete data.186

A second participant provided a natural logarithm-transformed187

probability discounting parameter greater than 3 standard devi-188

ations from the mean, and was excluded as an outlier. Twenty-189

seven participants were included in the analyses (seven males;190

mean age of remaining participants was 18.63).191

1.2. Apparatus and instruments192

A paper and pencil test of delay and probability discounting193

was employed to obtain indifference points in this choice pro-194

cedure. There were four versions of the test: a delay discounting195

(DD) version, a probability discounting (PD) version, and two196

versions where probability and delay were combined and that197

differed as a function of temporal resolution of uncertainty: a198

Delay–Probability (DPD) and a Probability–delay discounting199

(PDD) versions.200

1.2.1. Delay discounting procedure (DD) 201

Participants were asked to imagine possessing a winning lot- 202

tery ticket. The prize could be collected after some delay or the 203

ticket could be sold immediately to a lottery agent for a sum 204

of money. Each page of the questionnaire had a unique combi- 205

nation of prize magnitude ($10 or $1000) and delay until prize 206

availability (1 day, 1 week, 1 month, 6 months, 1 year, or 5 207

years). A column of money amounts in 2.5% increments of the 208

prize value in either ascending or descending order (from top of 209

page) was listed below the prize conditions. Participants were 210

asked to mark an “X” next to each amount that they would be 211

willing to accept from the lottery agent immediately to sacrifice 212

their ticket. They were asked to assume that no judgments were 213

being made about participation in a lottery and no laws were 214

being broken. 215

1.2.2. Probability discounting procedure (PD) 216

Participants were asked to imagine possessing a lottery ticket 217

with a known probability of winning a prize that could be col- 218

lected immediately if a winner. However, it could be sold to a 219

lottery agent before this determination. The lottery ticket had 220

one of five probabilities (95%, 75%, 60%, 40%, 25%, or 5%) of 221

winning the prize ($10 or $1000). Like the DD procedure, 2.5% 222

increments of the prize value in either ascending or descending 223

order were listed on each page. 224

1.2.3. Delay–probability discounting procedure (DPD) 225

Participants were asked to imagine possessing a lottery ticket 226

with a known probability of winning a prize. This would 227

only be determined following a delay. However, it could be 228

sold to a lottery agent immediately for a sum of money. 229

The same delays and probabilities from the DD and PD pro- 230

cedures were employed, with the exception of the 1-week 231

delay and 40% probability (to reduce the duration of the 232

procedure). 233

1.2.4. Probability–delay discounting procedure (PDD) 234

Participants were asked to imagine possessing a lottery ticket 235

with a known probability of winning a prize. This would be 236

determined immediately, but if the ticket was a winner, the prize 237

could only be collected after some delay. However, it could 238

be sold to a lottery agent immediately for a sum of money. 239

The same delays and probabilities of the DPD condition were 240

employed. 241

1.3. Procedure 242

In one 1.5-h experimental session, participants completed all 243

procedures. Participants began the choice procedure after read- 244

ing the directions and asking questions if necessary. The DD 245

and PD conditions always preceded the DPD and PDD con- 246

ditions. The order of DD and PD, and DPD and PDD were 247

counterbalanced. Two magnitudes ($10 and $1000) as well 248

as the order of money amounts (ascending and descending) 249

were also counterbalanced. The different delays, probabilities, 250

and delay/probability combinations within each block were 251

random.
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1.4. Data scoring and analysis252

Indifference points were calculated as the arithmetic mean of253

the smallest value for which the participant would sell the lottery254

ticket in the ascending condition and the largest value for which255

the participant would not sell the lottery ticket in the descending256

condition. Nonlinear estimation using Statistica 5.0 was used to257

determine discounting parameters for the DD procedure accord-258

ing to Eqs. (1) and (2). To obtain discounting parameters from259

the PD procedure, probability of winning was converted to θ,260

and parameters were obtained according to Eq. (3). The 1-week261

delay and 40% probability were excluded in all analyses to main-262

tain continuity with the DPD and PPD procedures. Indifference263

points are always reported as proportion of the standard amount.264

Eq. (6) was used to obtain hyperbolic discounting parameters265

from the DPD and PDD conditions. Inferential analyses with dis-266

counting parameters required data transformation because the267

distributions of scores were positively skewed. Natural loga-268

rithm transformations were conducted; this normalized the dis-269

tributions, and analyses were conducted with these transformed270

data.271

2. Results272

Individual indifference points from the DD condition were273

fit to the exponential and hyperbolic models of discounting274

(Eqs. (1) and (2), respectively). Goodness-of-fit measures (R2)275

from these equations were compared with analysis of variance276

(ANOVA) to determine which model described the data more277

accurately. As expected, the hyperbolic model accounted for a278

greater proportion of the variance (X̄R2 = 57%) than the expo-279

nential model (X̄R2 = 52%, (1, 26) = 22.81, p < 0.01). A com-280

parison of the magnitude condition was conducted with ANOVA281

using log-transformed discounting parameters obtained from the282

hyperbolic model. The Magnitude Effect was observed, with the283

smaller magnitude (X̄10 = −6.49, S.E.M. = 0.38) discounted284

more than the larger magnitude (X̄1000 = −8.12, S.E.M. = 0.31;285

F(1, 26) = 22.17, p < 0.05). A correlation of discounting param-286

eters between $10 and $1000 magnitude conditions was positive287

and statistically significant (r = 0.51, p < 0.05). The plot of the288

hyperbolic model with median indifference points is shown in289

Fig. 1 (top).290

Individual indifference points from the PD condition were291

fit to a hyperbolic model (Eq. (3)) and the exponential model292

similar to Eq. (1). As in the DD condition, the hyperbolic293

model accounted for a greater proportion of the variance294

(X̄R2 = 78%) than the exponential model (X̄R2 = 63%, F(1,295

26) = 81.13, p < 0.01). An ANOVA was conducted with prob-296

ability discounting parameters obtained from the hyperbolic297

model following log-transformations. The Reverse-Magnitude298

Effect was observed, with the smaller amount (X̄10 = −0.47,299

S.E.M. = 0.16) discounted less than the larger amount (X̄1000 =300

−0.07, S.E.M. = 0.16; F(1, 26) = 4.36, p < 0.05). A correlation301

of discounting parameters between $10 and $1000 magnitude302

conditions was positive and non-significant (r = 0.28, p > 0.05).303

The plot of the hyperbolic model with median indifference points304

in shown in Fig. 1 (bottom).305

Fig. 1. Hyperbolic discounting curve obtained from median indifference points
as a function of delay (top) and odds-against (bottom).

DPD and PDD conditions were compared to detect differ- 306

ences due to the temporal resolution of uncertainty condition. 307

An ANOVA comparing indifference points from the DPD and 308

PDD condition was not significant (F(1, 26) = 0.03, p > 0.05). 309

Furthermore, interactions with Magnitude (F(1, 26) = 1.55, 310

p > 0.05), Delay (F(4, 104) = 0.87, p > 0.05), and Probability 311

(F(4, 104) = 1.13, p > 0.05) were not statistically significant. The 312

DPD and PDD conditions were combined for all further anal- 313

yses and are referred to as the combined condition from this 314

point. 315

Individual data from the combined condition were fit to 316

the hyperbolic (Eq. (6)) and the equivalent exponential mod- 317

els. The hyperbolic model’s goodness-of-fit to individual data 318

(X̄R2 = 66%) was superior fit to the exponential model (X̄R2 = 319

52%; F(1, 26) = 53.71, p < 0.01). ANOVA was conducted with 320

log-transformed discounting parameters from the hyperbolic 321

model. The Magnitude Effect consistent with delay discount- 322

ing was observed, with the smaller amount (X̄10 = −6.82, 323

S.E.M. = 0.16) discounted more than the larger amount (X̄1000 = 324

−7.48, S.E.M. = 0.17; F(1, 26) = 13.84, p < 0.05). A corre- 325

lation of discounting parameters between $10 and $1000 326

magnitude conditions was positive and significant (r = 0.44, 327

p < 0.05). Median indifference points from the Combined 328

condition were fit to Eq. (6). The plot of the model is 329

shown in Fig. 2 (top). Indifference points from the partici- 330

pant with the best overall fit to Eq. (6) were plotted (Fig. 2, 331

bottom). 332
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Fig. 2. Hyperbolic discounting curve obtained from median indifference points
(top) and indifference points from individual providing the best-fit (bottom) as
a function of composite delay.

3. Discussion333

Results from previous research on delay discounting and334

probability discounting were replicated. The subjective value of335

delayed hypothetical rewards decreased as delay increased, and336

the rate of decline was consistent with Mazur’s (1987) hyper-337

bolic model of discounting. Furthermore, the Magnitude Effect338

was observed, with large rewards discounted less than small339

rewards. Subjective value of hypothetical probabilistic rewards340

decreased as odds-against increased (probability decreased), and341

the rate of decline was consistent with Rachlin et al.’s (1991)342

hyperbolic model of discounting. Furthermore, the Reverse-343

Magnitude Effect consistent with previous probability discount-344

ing research was observed.345

Rachlin et al.’s (1991) constant of proportionality was used346

to determine the comparable delay to each of the probabilities347

used in the current procedure (using Eq. (4)). Once probabil-348

ities were converted to delays, the converted delay was added349

to the explicit delay to obtain a composite (Eq. (5)) for each350

delay/probability combination used in the present study. Indif-351

ference points as a function of these composite delays were fit352

to hyperbolic and exponential models of delay discounting. As353

in studies of delay discounting. Mazur’s hyperbolic model of354

discounting provided a superior fit to the data (as compared to355

the exponential model). Most indifference points fall right along356

the best-fitting hyperbola in Fig. 2, and the goodness-of-fit mea-357

sures are high. In fact, the R2 from median indifference points358

obtained in the combined condition (84% and 86% for $10 and 359

$1000 conditions, respectively) are equivalent to those obtained 360

in the delay discounting procedure (62% and 91% for $10 and 361

$1000 conditions, respectively), a procedure whose results are 362

firmly established in the literature. Individual R2 were in fact 363

non-significantly higher in the Combined condition as compared 364

to the DD condition (F(1, 26) = 2.14, p > 0.05). Certainly, the 365

goodness-of-fit measures may have been somewhat inflated by 366

the large number of indifference points in the combined condi- 367

tion. However, this inflation cannot be solely due to the presence 368

of more indifference points; indifference points must conform 369

to the hyperbolic discounting model to increase goodness-of-fit 370

measures. The conformation of the data and composite delays 371

to Mazur’s (1987) hyperbolic model of discounting, simply by 372

visual inspection of Fig. 2, is compelling. When delays were con- 373

verted into comparable probabilities using the same constant of 374

proportionality, the data and composite odds-against fit Rachlin 375

et al.’s (1991) hyperbolic discounting model equally well. The 376

composite delay proved to be a single metric that was useful 377

across the range of delays and odds-against included as com- 378

ponent parts. In this manner, some points in Fig. 2 consist of 379

cases whose composite delay values are similar, but resulted 380

from the combination of a low probability with a short delay 381

and a high probability with a long delay. The fact that the fit 382

of the hyperbolic model is good indicates that discounting was 383

similar, independent of the specific probability and delay com- 384

ponents. We are unaware of any other studies that have examined 385

the combined discounting due to delay and probability in this 386

manner. 387

Like previous studies of delay discounting, the Magnitude 388

Effect was observed in the combined condition. This observation 389

by itself is very interesting because the effect of magnitude in 390

rewards that are both delayed and probabilistic have never been 391

examined. Based on the contrasting observations in studies of 392

delay and probability discounting, one might have expected no 393

effect of magnitude when delay and probability were combined; 394

if the Magnitude and Reverse-Magnitude Effects effectively 395

neutralize each other, discounting rate of the $10 and $1000 396

rewards should have been similar. In contrast, the observed data 397

indicate that the effect of delay predominates the effect of proba- 398

bility on magnitude. Though the present study offers little insight 399

into the cause of this observation, the exploration of a possibility 400

is relevant here. 401

Some decision-making research, while not parametrically 402

combining delay and probability in a single alternative, have 403

examined preference when at least one of the two alterna- 404

tives was both delayed and probabilistic. Keren and Roelofsma 405

(1995), for instance, offered one alternative that was immediate 406

and certain versus another alternative that was both uncertain 407

and delayed. While that study made no attempt to determine 408

subjective value (as in studies of discounting), it did include 409

numerous delays and probabilities. A strong preference for an 410

immediate reward relative to a larger, delayed reward was ini- 411

tially observed. However, when both rewards were made equally 412

unlikely (p = 0.50), the delayed reward was generally preferred. 413

When an equal delay was added to both outcomes, individuals 414

generally preferred the larger, more delayed reward, and this 415
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preference was not affected by probability of winning. These416

results indicate that probability has a strong influence in the417

near future (i.e. in the case of immediate outcomes), and this418

influence decreases as delay increases.419

As applied to the present study, the results of Keren and420

Roelofsma (1995) indicate that the effect of probability on sub-421

jective value was reduced at longer delays. It is therefore possible422

that as delays increased, the influence of probability manifest423

in the Reverse-Magnitude Effect was diminished. Though the424

longest delay employed in the present experiment was only 5425

years, any temporal distance from the immediate may be signif-426

icant enough to affect college students in this manner. Additional427

research is necessary to comment further on the Magnitude428

Effect resulting from the combined effect of delay and prob-429

ability discounting. Furthermore, this interaction of delay and430

probability indicate that a constant of proportionality used for431

the purpose of determining a composite delay should depend on432

the values of the component delays and probability. Nonethe-433

less, any constant of proportionality is essentially an estimate434

for all individuals at all delays and probabilities. Given the high435

goodness-of-fit measures, Rachlin et al.’s (1991) constant of pro-436

portionality appears to be a very good estimate.437

One weaknesses of the present study was the use of hypothet-438

ical rewards. Previous examination of possible differences in the439

delay discounting of real and hypothetical rewards have found440

no difference (Johnson and Bickel, 2002; Madden et al., 2003,441

2004). We know of no discounting research that has compared442

real and hypothetical rewards that are probabilistic or delayed443

and probabilistic. Though a cover story was used to encourage444

behavior consistent with real rewards, there is no guarantee that445

participants’ behavior reflected this.446

Careful examination of Fig. 2 indicates some systematic447

deviation of indifference points from the best-fitting hyperbola.448

Specifically, some indifference points between 2000 and 4000449

on the composite-delay axis are much higher than predicted by450

the hyperbola. These indifference points are from composite451

delays that include the 5-year explicit delay. We have no expla-452

nation for this aberrant finding other than the population from453

which we sampled (college students). Most students presumably454

expected to be out of college in 5 years, and such a significant and455

expected life-change might have had some unusual effect. We456

excluded indifference points obtained from composite delays457

that included the 5-year explicit delay and did not find a sub-458

stantive change in discounting rate or goodness-of-fit.459

Consideration of the 5-year delay brings up a second weak-460

ness of the present study: the difference in range of delays and461

probabilities. The range of probabilities employed in the present462

study was fairly large, resulting in median indifference points463

from 0.16 to 0.94 for the $1000 reward. However, the lowest464

median indifference point for a delayed $1000 was 0.64 (result-465

ing from the 5-year delay). A more comprehensive procedure466

would have included a range of delays that led to a similar range467

of indifference points as that obtained from probability. Cer-468

tainly, the inclusion of delays longer than 5 years (e.g. 25 years,469

50 years) might have accomplished this. A quick review of delay470

discounting research employing longer delays (ignoring proce-471

dural differences) suggests however that median indifference472

points frequently do not fall below 0.25 even at a 25-year delay 473

(e.g. Baker et al., 2003; Yi et al., 2005). Thus it is unclear if 474

longer delays would have provided any more useful data. 475

A third weakness of the present paper is our use of a constant 476

of proportionality obtained in a different study (Rachlin et al., 477

1991). In an ideal scenario, delays and probabilities would have 478

been equated for each participant in the present study, allowing 479

for the calculation of unique and possibly more accurate con- 480

stants of proportionality for each individual. Unfortunately, we 481

did not have such a procedure. Though it is possible to contrive 482

subjective equivalents using interpolation, interpolation itself 483

would require a priori selection of the appropriate model of dis- 484

counting. Given that a primary analysis of the present study 485

was the comparison of hyperbolic and exponential models of 486

discounting, such interpolation would not have been justified. 487

Though the participants were not the same, the procedure of 488

Rachlin et al. and the present study were similar on many dimen- 489

sions (e.g. college students, paper and pencil questionnaires, 490

two-alternative choice situations, $1000 hypothetical reward 491

magnitude), and does provide some basis for our use of Rachlin 492

et al.’s constant of proportionality as an estimate (as stated pre- 493

viously). And given that the constant still resulted in composite 494

delays that resulted in very good fits to the hyperbolic model, 495

the estimate was more than adequate, at least for the procedural 496

nuances in the present study. 497

The present study was a novel approach to the study of 498

delay and probability discounting. Results indicate that delay 499

and probability can be combined into a single metric, and exam- 500

ination of indifference points as a function of this metric is 501

consistent with the hyperbolic model of discounting. Preference 502

for early temporal resolution of uncertainty was not observed 503

with the present procedure. The Magnitude Effect was observed, 504

consistent with the effects of delay. Additional research may pro- 505

vide answers to why this occurred as well as to the contrasting 506

effects of magnitude on delay and probability. 507
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