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posterior predictive distribution, 182, 185, 197, 200,
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binary classification, 314
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conjugate priors, 143, 150, 153, 154

dark adaptation, 332

decisions, 184

disease, 84–85

Gaussian, 145, 169, 170, 171–174

inferences, 97, 158

Jeffreys priors, 156, 159–165

losses, 238–240, 244
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195–200, 211–212, 219

prior predictive distribution, 188, 200, 184–212

punctate, 453, 492

recovery rate models, 388, 390

temporal intervals, 213

time-evolving systems, 202–205

prevention focus, 228

previous sensor readings, 205–210

prior explanatory power, 362, 384, 386, 489

prior information, 43, 49, 150, 192, 335, See also prior

predictive distribution

advantages of, 179–180

binomial priors, 166–169, 187

dice rolling, 551

model comparison, 397

multiple models, 484

parameter values, 259

predictions, 199

uniform priors, 145

updating based on data, 163

prior predictive distribution, 188, 184–194, 200, 211–212,

See also optimal state estimation

prior probabilities, 18, 85, 98, 119, 123

binary classification, 315

binomial rate models, 401, 402

conjugate priors, 150–154, 164, 163–165

dark adaptation, 335

Gaussian, 394–397, 413, 417, 421, 440

imbalanced models, 390

Jeffreys priors, 156–158, 164, 163–165

maximally uninformed, 119

measurements, 278, 324, 344

model comparison algorithm, 364, 374, 379

multiple models, 480

multisource models, 448, 457

prior-over-parameter values, 141–143, 282, 284, 288,

292, 295, 298, 302

rate differences, 407

selection dilemmas, 179

sensory-motor adaptation, 327

source-specific modulation of variables, 469

straight-line models, 307, 348, 429, 433

uniform priors, 144, 148, 143–149

prism adaptation, 325, 330

probabilities of outcomes, 222–223

probability calculations, 49, 51, 72, See also symbolic logic

probability distributions, 38, 44, 58, 89

correlation, 38–40

decisions, 232

definition and characteristics, 120–123

density function, 131, 132, 141, 529, 534, 537, 540,

528–542, 545, 559, 567, 571, 557–572, 575

losses, 234, 235, 239, 240, 242, 243, 245

mass function, 131, 132, 529, 534, 537, 540, 528–542,

545, 551, 555, 546–556

measurements, 263

multiplicity factors, 89–91

over h, 16

probability statements, 9–10, 13, 51, 57, 61, 70, 87, 330

probability theory, 4, 8–9, 47, 48, see also hypothesis

testing; measurements4

decision-theoretic approach, 222

flavors of Bayesianism, 17

history of, 11–12

independent probabilities, 58–59

inference, 10–12, 266

intuitive rationale of rules, 57, 57–60

inverse probability, 71

Simpson’s paradox, 80–81

problem of points, 11

product rule, 9, 10, 18, 59–60, 70, 74, 97, 185, 358

promotion focus, 228

proof by contradiction, 355

proper priors, 143

proportional change, 305, 427

propositions, 9–10

coins-in-drawer simulation, 78

five-card Monty Hall problem, 67–69

in deductive inference, 5–7

logical expressions, 51, 52, 54–56

marginalization, 62
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probability theory rules, 57, 57–60

pseudo-random number generation, 140–141, 142

Ptolemaic model, 382

puzzles experiments, 400, 399–404

p-values, 103–105, 502, 504

QRS duration measurement, 297, 296–300

quadratic loss. See squared-error loss

questionnaires, 292, 294–296

random walk systems, 208–209

randomness. See uncertainty

range effects, 210–212, 214

memory research, 212

raster plots, 29, 28–31, 34

rate differences, 64–65, 406, 405–410

rate measurements, 292, 291–296

Ratiociniis in Ludo Aleae, De, 11

rational belief networks, 7

rational choice model, 2

Rayleigh distribution, 576–578

reach errors, 325

reaction time data, 25, 25, 297, 302, 296–304

reality, reflecting, 49

receiver operating characteristic (ROCs), 313, 314

recinormal distribution, 296

recovery rates, 388–392, 406, 405–410

recursive relations, 209, 212

reparameterization, 162

repeated values, 45, 46

reproducibility, 28

retrograde motion, 383

risks, 227–228, 230–233

absolute-error loss, 239

monetary decision-making, 3

squared-error loss, 243

uniform loss, 234, 233–238

rotation ratios, 476, 484

rounding, 45, 46

saccade latency, 302, 301–304

sample sizes, 46

sampling distributions, 70–75, 98, See also binomial

distribution; Gaussian distribution; posterior

predictive distribution; prior predictive distribution

Cauchy, 177, 174–178

confidence intervals, 356

continuous, 169

likelihood function, 99, 102, 98–102, 106, 111–112, 113,

116

null-hypothesis testing, 488–489

reaction time data, 296

sampling surfaces, 101

scalar properties, 213

scale parameters, 36–37, 62, 144–147, 149, 175, See also

dispersion

scaled value function, 221

scatterplots, 33, 32–35, 37, 41, See also correlation

scientific inquiry, 70, 251

scientific theories, 1–3, 18

select-predict validation, 357–358

sensitivity, of medical tests, 82–84, 86–88

sensory-motor adaptation, 325–331

signals, 262, 259–263, 265, 266, 271

constant signals equality, 420–425

detectability of, 312, 311–324, 352, 432

exponential decay, 330

measurement algorithm, 280

Occam factor, 386

straight-line models, 348

signs, 44–45

Simpson’s paradox, 80–81

simulation studies, 22, 41, 71, 504

coins-in-drawer simulation, 78–79

Gaussian likelihood models, 424

medical decision-making, 82–88

model comparison, 376, 475

prior predictive, 186–191

urn-balls simulations, 71–76

single probabilities, overview, 89, 117

single-source measurements, overview, 283

skew, 36, 255, 296, 298

sleep/wake time data, 25

slope models, 426, 428–436

frequentist approach, 490–497

multisource, 447, 446–454, 464, 468, 466–469, 475

slope parameters, 308, 307–310, 350–352, 492

Snout rule, 86–88

sound deductive arguments, 5, 8

source strength, 113, 116, 129, 152

source-specific modulation of variables, 468, 466–476

source-specificity, 444, 448, 456

spatiotemporal data, 34–35

specificity, 82–84, 86–88

Spin rule, 83, 86–88

spread. See scale parameters

squared deviation, 226, 249

squared-error loss, 242–246

squaring transform, 146, 147

standard deviation, 37, 44, 46, 167

Cauchy samples, 175

Gaussian, 149, 152–154, 161, 169, 173, 175

multiple models, 484

Vernier settings, 416

standard errors, 175, 177, 178

state estimation, 182, 202–203, 205–211, 220

state evolution, 203–207, 211

state likelihood, 206, 207, 220

state variables, 202, 206

stationary systems, 209

statistical p-values. See p-values

statistical algorithm, 47

statistical models. See noise models

statistical tests, 502–503

stimulus detectability, 312, 314, 321, 311–324

straight-line models, 275, 273–276, 282, 308, 304–310,

349, 347–352, 360, 361, 397, 426, 425–436

multisource, 447, 455, 468, 446–476
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strictly proportional models, 305, 427

subtraction, 507, 521

successes (S), 89, 90, 90, 92–96, 113, 127, 129, 130, 196,

197, 400–404

sum-rule, 57, 57–59, 61, 62, 74, 92

coordinate transforms, 571, 570–572

dice rolling, 551, 555, 550–556

super-source measurements, 350, 353

symbolic logic, 51–52

basic rules of probability theory, 57, 57–60

coins-in-drawer simulation, 78–79

extending the question technique, 61

inverse probability, 71

marginalization, 62–65

medical decision-making, 82–88

Monty Hall problem, 66–69, 76–77

operations for logical expressions, 52–56

UC Berkeley simulation, 81

urn-balls simulations, 71–76

symmetry, 13–14, 36, 137, 138, 174, 247, 263

systems, 2–3, See also time-evolving systems

behavior of, 486

output, 199

predictions, 182–183

tail-area probabilities, 103

temperature measurements, 262–263, 265, 283–290, 345,

349, 340–352

temperature scales transforms, 547, 559, 561

temporal evolution plots, 34–35

temporal intervals, 214, 212–220

testable theories, 2–3

Théorie des probabilités, 11, 12

thresholds, 332–337

time constants, 326, 332

time-evolving systems, 183, 202–205, 208

optimal state estimation, 205–210

range effects, 210–220

timing data, 25, 25

transformation invariance, 120, 142, 143, 148, 149, 156,

158, 161, 162

transformed distributions, 148, 149, 159, 161–162, 315,

See also coordinate transforms

transition probabilities, 208–209

transparent measurements, 265, 270, 271–272, 280,

283–290, 364

multiple-source, 345, 340–346

treatments, 1

trial-and-error, 48

truncation, 46, 143, 145–146, 157, 403

Jeffreys priors, 191

truncation

Jeffreys priors, 194

truth tables, 52–54

truth values, 55

two competing models, 367–371

two-alternative forced-choice paradigm, 321, 317–324,

332, 334

UC Berkeley simulation, 81

unbiased estimator fallacy, 247–250

unbounded priors, 171

uncertainty, 4, 7, 13–15, 121, 205

Gaussian, 415, 419

measurements, 259–263

outcome variables, 427

Vernier settings, 416

zero uncertainty, 122

unconscious bias, 80

uncorrelated data, 37–39, 58

underflow, 524

unexpected data. See data checks

unexpected features, 24–25

unexpected signs, 44–45

uniform distribution, 124–126

biased Gaussian models, 440

binomial priors, 166–168

continuous, 131–134

coordinate transforms, 548, 561

dice rolling, 550

discrete, 140, 141

exponential decay, 335

mass, 538, 540

measurements, 299, 303

multisource slope models, 448

prior-over-parameter values, 144, 148, 142–149,

169–173, 188, 188, 196, 262, 282, 328

straight-line models, 307, 308

uniform loss, 234, 233–238, 238

uniform number generator, 142

uninformative priors, 120, 142–147, 161, 163, 169

unobservable parameters, 70, 97, 105, 107, 116

unobserved data, 23, 103

updated information, 163, 206

urn-balls simulations, 71–76, 110

valid deductive arguments, 5, 6–7, 8

values, decision, 184, 220–221, 242, 251

variable nodes, 269, 271, 292

Vernier settings, 412, 411–414, 416–418, 420–421, 423,

438, 437–440

Vierordt, Karl von, 212

visualization. See data visualization

waiting-time variables, 134

Wald, Abraham, 222

Weibull function, 320

width parameters, 107, 176, 579

William of Ockham, 382

world states, 222, 223, 230, 231

Zellner, Arnold, 11

zero uncertainty, 122

zero-one loss. See uniform loss

zero-slope models, 426, 431, 435, 456, 464

frequentist approach, 490–497
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