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aboutness, in intentional communication, 76
access consciousness, 314-315
active-bold lifestyle, of squirrel monkeys,
213-215
affective communication, in non-human
primates, 411-416
emotional responses, 414
through facial expressions, 416
through vocalizations, 414416
affective-cognitive dimensional approach, to
non-human primate communication,
421-425
arousal in, 424-425
language evolution and, 427-428
long-term implications of, 427-428
parameters for, 422-424
agency and choice, of primates, in captive
settings, 557-558
free-choice paradigms, 558-559
algebraic patterns
find repetition strategy, 269-270
sequence learning for, 268-270
alloparenting, 68
American Sign Language (ASL)
in ape language research, 483, 485-491
chimpanzees and, 485
amodal completion, illusory contours, 126-127
A"B" grammars, 272-279
beyond associative strategies, 276279
dendrophilia, 279
indexed, 274-279
subitizing and, 273-274
animal intelligence. See also specific animals
biological factors for, 30-31
cognition and, 29-31
general intelligence, 32-35
genetic influences on, 29-31
individual differences in performance, 30-31
insight learning, 30
Law of Effect and, 29
learning set, 29-30
in psychological research, 29
Animal Intelligence (Romanes), 12, 14-15
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animal metacognition, 315-332
academic research on, 317-328
in apes, 318-320
evolution of, 319
awareness and, 326, 328
in bonobos, 318-320
in chimpanzees, 318-320
cladogram of, 316-317
comparative research on, 315-317
future research on, 328-332
computerized testing in, 330-331
ecological relevance of, 330-332
in gorillas, 319-320
in lemurs, 324
metacognitive characterization metric,
326-327
metacognitive errors, 328-330
metamemory and, 326, 331
in New World monkeys, 323-324
capuchin monkeys, 323-324
in non-primate species, 324-328
in birds, 326-327
in bottle-nosed dolphins, 327-328
in dogs, 325-326
in rats, 325
in Old World monkeys, 320-322
associative mechanisms in, 322
baboons, 321
macaques, 321
rhesus monkeys, 320-322
in orangutans, 318-320
The Animal Mind (Washburn), 18
ANS. See approximate number system
Anthropoid Experiment Station, 21
ape language research. See also replication and
reproducibility in cognition research;
sign language studies
applications of, 497498
comparative psychology of competencies in,
496-498
intersubjectivity and, 483, 496-497
joint attention, 483, 497
referentiality and, 483, 497
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top-down processing in, 483, 497
emergent behaviors, 495-496
lexigram systems and, 494
enculturation and, 483, 495-496
ethical objections to, 499
extensions for, 497-498
under Great Ape Protection and Cost
Savings Act, 499
historical development of, 484487
sound technology in, 484
lack of invariance problem in, 495
lexigram systems, 497-498
emergent behaviors and, 494
in symbol-based language projects, 494
noise-vocoded speech, 494-495
with phoneme content of speech, 495
playback experiments, 484
semanticity in, 498
symbol-based language projects,
492-495
LANA Project, 492
Language Research Center Project,
492-494, 498
lexigram systems, 494
speech perception capabilities, 494-495
theory of mind skills, 493
theoretical approach to, 483-484
apes. See great apes
approximate number system (ANS), 167-169
in humans, 167-168
comparison with non-human primates,
168-169
in indigenous Amazonian cultures, 168
Mundurukt language, 168
reaction time comparisons, 167
in non-human primates, 167-169
comparison with humans, 168-169
food choice tasks and, 168-169, 171-173
multiplication abilities, 180
arboreal folivory, 193-194
arboreality, titi monkeys and, 207-208
arithmetic abilities, in non-human primates,
177-181
addition, 177-178, 181
approximate number system and, 180
multiplication, 179-181
subtraction, 178-179
arousal, in non-human primates, 424-425
artificial grammar, 260-263
A"B" grammars, 272-279
beyond associative strategies, 276279
dendrophilia, 279
indexed, 274-279
subitizing and, 273-274
center-embedded grammars, 273
Chomsky Hierarchy, 261-263
context-free level of, 262-263

complexity of, 261-263
for context-sensitive languages, 262

testing of, 264
ASD. See autism spectrum disorder
ASL. See American Sign Language
associative-chain theory, 263-267

simultaneous chain task, 267-268
Assurance game, 398-399, 401
Atlas of Comparative Cognition, 592
attention studies, eye tracking paradigms and,

373-383

auditory perspective-taking, 514-515
autism spectrum disorder (ASD), 45
autonoetic consciousness, 292-295
autonomic nervous system, 213-215
awareness, metacognition and, 314

in animal metacognition, 326, 328

baboons
categorization by, 157-158
mental rotation by, 74
metacognition in, 321
barpull tasks, 393-394
Bastian, Henry Charlton, 14
Bates, Marston, 189
Bayley Scales of Infant Development (BSID), 101
Beach, Frank, 21-22
bearded saki monkeys, spatial recognition in,
198-199, 202-205
behavioral contagion, 511-525
emotional affinity and, 509
in non-human primates, 511-525
perspective-taking and, 509
yawn contagion, 509-511
Behaviorism school
cognition and, in primates, 62-69
collaboration initiatives and, 584-585
ecological validity and, 65-67
instinctive drift and, 62-69
internal validity and, 63-64
principles in, 29
relational concepts in categorization, 153
bias risks. See also social memory bias
in developmental primate cognition, 90
Bingham, H. C., 21-22
bio-sample collection, in field research, 566
biparental care, among titi monkeys, 225-226
birds, metacognition in, 326-327
black and white thinking, 314
blicket detector task, 355-356
Blum, Josephine Semmes, 21-22
Blum, Robert, 21-22
BNBAS. See Brazelton Neonatal Behavioral
Assessment Scale
bonobos
food choice tasks by, 172
metacognition in, 318-320
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bonobos (cont.)
speech comprehension in, 74
tool use by, 240-241
ontogenetic studies, 242-244
bottle-nosed dolphins, metacognition in,
327-328
Brady, Joseph V., 22
brain functions and volume. See also specific
topics
environmental variables for, 31
genetic variables for, 31
primate intelligence and, 633-634, 641-643
brain research and studies
for non-human primates, for metacognition
research, 4
for owl monkeys, 5-6
Brazelton Neonatal Behavioral Assessment
Scale (BNBAS), 101
broken string tasks, 359
BSID. See Bayley Scales of Infant
Development
Butler, Robert A., 22
bystander-solicited affiliation, 517-518

captive settings, research ethics for, 553-561
agency and choice, of primates, 557-558
free-choice paradigms, 558-559
evaluation criteria, 558-559
human behaviors in, 559-561
human-to-animal disease transmission
issues, 559
positive-reinforcement training, 560
relationships with animals, 559-560
physical environments, 555-557
protocols for, 557-561
research practices in, 553-557
for acquisition and origins of primates, 554
for early life history and rearing, 554
life history of primates and, 554-555
post-research lives, 554-555
social environments, 555-557
daily management protocols, 555
captivity effect
primate cognition influenced by, 67-68
tool use influenced by, 240
captivity studies, 622-625
dyadic interactive platforms, 624
experimenter interaction, 622623
Primate Cognition Testing Battery, 622
transposition task, 622-623
individual competition/cooperation in, 623
touch screens in, 623-624
capture, mark, and release processes, 566
capuchin monkeys
cooperation among, 402
in economic game tasks, 399-401
in joint-action tasks, 394-396

eye tracking paradigms for, 377-380
information-integration tasks, 147-148
metacognition in, 323-324
perception processes for
amodal perception, 124-125
geometric illusions for, 117-118
tool use by, 72, 241
ontogenetic studies, 242-244
Carpenter, C. Ray, 21-22
categorization, comparative study of
apes, 157
baboons, 157-158
chimpanzees, 157
as cognitive capacity, 135, 159-161
comparative perspectives, 151-153
conceptual, 153-159
historical development, 153
definition of, 135
dissociable learning systems, 144-153
in alternative reinforcement
environments, 149-150
displaced reinforcement learning, 150-151
explicit-declarative learning, 145-147
implicit-procedural learning, 145, 149-150
evolutionary tuning of, 143-144
exemplar theory, 136-139
dot-distortion category, 138
family-resemblance assumption, 139-141
insufficient processes in, 137-139
isolation processes, 141-143
macaque monkeys and, 137-143
hypotheses for, 144-153
Classical Concept Theory, 144
noncontinuity theory, 144-145
macaque monkeys, 158
displaced reinforcement learning, 150-151
exemplar theory and, 137-143
illusory contours for, 126-127
rule-based tasks, 147-148
transfer tasks, 149
natural-kind, 136-144
perceptual, 136-144
prototype theory, 136
prototypes in, phylogenetic depth of, 143
relational concepts, 153-159
Behaviorism school, 153
cognition tasks, 156-159
Cognitivist school, 153
in pigeons, 154-155
same-different capacity, 155-156
rules for, 144-153
abstractness of, 147-149
generalizability of, 147-149
information-integration tasks, 147-148
rule-based category structures, 146
rule-based tasks, 147-148
stimuli used in, 140
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theoretical approach to, 135-136 Primate Cognition Testing Battery,
transfer tasks, 149 32-34, 47
cathemeral lifestyles, of non-human primates, 61 with Principal Component Analysis,
causal inferences, in non-human primates, 32-33

354-356
blicket detector task, 355-356
cup tasks and, 354-356
tool-use tasks and, 354-356
causal relations, in problem solving, 345-348
in cup tasks, 345-347
in tool tasks, 347-348
CBT. See cognitive behavioral therapy
CDCB. See Comparative Developmental
Cognitive Battery
center-embedded grammars, 273
center-embedded spatial sequences, 279-281
Cheney, Dorothy, 366
chimpanzees
brain functions and volume
descriptive studies on individual
differences, 48-49
general intelligence and, 34-35
gray matter volume, differences in, 36-41
phenotypic associations with general
intelligence, 4046
Primate Cognition Testing Battery, 41-46
rearing experiences and, effects of, 36-37
categorization, 157
cognition and
general intelligence and, 32-34
heritability factors and, 32-34
rearing experiences and, effects of, 36-37
communication among, 422-423
facial communication, 425-426
gestural communication, 426
pilorection, 424
play faces, 425-426
reach gestures, 426
vocal communication, 425
comparative analysis of, 127-128
cooperation among, 402-403
in captive environments, 403-404
in economic game tasks, 399
in joint-action tasks, 394-396
deception mechanisms, 73
episodic memory for
future thinking, 298
spatial-temporal components of past
events, 296
eye tracking paradigms for, 371-372, 377-380
food choice tasks by, 172-173
future thinking in, 298
general intelligence, 32-35
brain function and volume, 34-35
cognition, 32-34
construct validity of, 47
phenotypic associations with brain, 40-46

unit weighted average scores for, 33-34
at Yerkes National Primate Center, 32-33
genetic associations
genome wide association studies, 4049
Primate Cognition Testing Battery, 41-46
whole genome analyses, 49
heritability factors, 32-35
brain function and volume, 34-35
for cognition, 32-34
Primate Cognition Testing Battery, 32-34
with Principal Component Analysis,
32-33
unit weighted average scores for, 33-34
at Yerkes National Primate Center, 32-33
human enculturation and, 37-40
Primate Cognition Testing Battery
measures, 38-39
individual performance data, 47-48
insight learning for, 30
language abilities of, 29, 484485
learning set for, 29-30
metacognition in, 318-320
mirror self-recognition, 29
perception processes for, 116
amodal completion, 124
illusory contours, 127
Primate Cognition Testing Battery, 32-34,
38-39
attention-getting vocalizations and
behaviors, 41-44
construct validity of general intelligence, 47
genetic associations, between brain
function and cognition, 41-46
initiating joint attention, 45
phenotypic associations, between brain
function and cognition, 41-46
receptive joint attention, 45-46
rearing experiences, effects of
adverse, 36-37
brain functions and, 36-37
spatial recognition in, 228-229
theory of mind and, 72-73, 441-442
intelligence measurement of, 29
sensitivity to others’ beliefs, 456458
sensitivity to others’ goals and intentions,
448-453
sensitivity to others’ knowledge, 455
sensitivity to others’ perception, 448-455
tool use by, 72, 240-241
in comparative approaches, 240-241
ontogenetic studies, 242-244
socio-cognitive drivers of, 247
transparency measures, 47-48
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chimpocentrism, 600
Chomsky Hierarchy, for artificial grammar,
261-263
context-free level of, 262-263
chronesthesia, 293-294
Classical Concept Theory, 144
Clever Hans effect, 325-326
cognition, for primates. See also primate
cognition; specific topics
adaptations of, 65
animal intelligence and, 29-31
biological factors for, 30-31
categorization and, 135, 156-161
comparisons for, between human and non-
human primates, 4-5, 64-65
deception mechanisms, 73
definition of, 57-78
environmental variables for, 31
in captive environments, 67-68
environmental effects, 66
evolution of, 57-61
genetic variables for, 29-31
human-unique cognitive capacities, 70-78
individual differences in performance, 30-31
language and, 2
locus of, 58
physical, primate intelligence and, 635
processes and behaviors in, 1-2
purpose of, 57
schematic representations of, 58
for spatial recognition, 189-190, 227-228
social
evolution of, 68-70, 463-464
future research on, 464-465
primate intelligence and, 635-636
speech comprehension, 74
theoretical perspectives on, 62-68
behaviorism, 62-69
ethology field, 62-63
theory of mind and, 1-2, 72-73
tool use, 72
transductive envelope and, in neural
systems, 57
cognitive behavioral therapy (CBT), 314
Cognitive Buffer Hypothesis, 641-643
Cognitivist school, 153
collaboration initiatives, in primate cognition
research. See also ManyPrimates
collaborative group
challenges for, 585-588
with replication studies, 587-589
sample size and type, 586-587
chimpocentrism in, 600
Collaborative Replications and Education
Project, 595
European Primate Network 9, 596
future research on, 600

history of, 584-585
Behaviorism school, 584585
in Japan, 585
large-scale, 589-597
Atlas of Comparative Cognition, 592
limitations of, 592-593
openness of, 593-594
in primatology studies, 595-597
in psychology studies, 594-595
Lemur Conservation Network, 596
Many Labs project, 595
Many Smiles project, 595
ManyBabies Consortium, 595
North American Primate Sanctuary
Alliance, 596
Pan African Programme, 596-597
Pan African Sanctuary Alliance, 596
PRIMatE Data Exchange, 597
PRIMatE Research Exchange, 597
proof of principle studies, 589
purpose of, 588-590
problem-solving as, 588-590
Collaborative Replications and Education
Project (CREP), 595
communication. See also primate
communication
for honeybees, 58-60
dance language, 59-60
among humans, 411-413
intentionality of, 412-430
intentional, cognition and, 76-77
aboutness in, 76
voluntary, 76
theoretical approach to, 411-413
Comparative Developmental Cognitive
Battery (CDCB), 101
comparative methodology
on animal metacognition, 315-317
for categorization studies, 151-153
for inferential reasoning, 357-358
for spatial recognition, 191-200, 226-230
ecological convergent, 193
species polarities, 191
in species selection, 192-198
in titi monkeys, 197-198
for tool use, in non-human primates,
240-241
comparative psychology of competencies, in
ape language research, 496-498
intersubjectivity and, 483, 496-497
joint attention, 483, 497
referentiality and, 483, 497
top-down processing in, 483, 497
Comparative Socio-ecological and
Developmental Approach (CSDA),
238, 249-250
goals and purpose of, 251
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conceptual categorization, 153-159
historical development, 153
conceptual replication, in cognition research,
533-534
Conrad, Donald G., 22
consciousness
autonoetic, 292-295
metacognition and, 314-315
access consciousness, 314-315
noetic, 293-295
conservation, of species, primate studies for, 3
conservation groups. See also specific groups
field research by, 563
consolation, empathy and, 515-518
bystander-solicited affiliation, 517-518
in non-human primates, 515-518
Social Constraints Hypothesis, 516-517
contagion. See behavioral contagion;
emotional contagion
context-sensitive languages, 262
cooperation, in non-human primates, 392-393
among capuchin monkeys, 402
in economic game tasks, 399-401
in joint-action tasks, 394-396
among chimpanzees, 402-403
in captive environments, 403-404
in economic game tasks, 399
in joint-action tasks, 394-396
diverse forms of, 390401
through economic game tasks, 397-401, 404
Assurance game, 398-399, 401
capuchin monkeys, 399-401
chimpanzees, 399
Stag Hunt, 398-400
experimental approaches to, 392-393
among great apes, 402
through joint-action tasks, 390-401
barpull tasks, 393-394
capuchin monkeys, 394-396
chimpanzees, 394-396
orangutans, 396
neophobia and, 390-391
among orangutans, 402
through joint-action tasks, 396
Prisoner’s Dilemma, 398-401, 404
reciprocity and, 403-404
scope of, 401-404
in Social Intelligence Hypothesis,
653-654
spontaneous barter, 403
theoretical approaches to, 390-392
comparative approaches to, 391
phylogenetic approaches, 390-391
Cowles, John T., 21-22
Crawford, Meredith, 21-22
CREP. See Collaborative Replications and
Education Project

crepuscular lifestyles, of non-human primates,
61
CSDA. See Comparative Socio-ecological and
Developmental Approach
Cultural Intelligence Hypothesis, 249
cup tasks
inferential reasoning for, 359
causal inferences, 354-356
heuristics and, 349-351
testing for, 343
inferential reasoning in, 359
causal inferences, 354-356
heuristics and, 349-351
problem solving in
causal relations in, 345-347
spatio-temporal relations in, 345-347
testing for, 343
cup tasks and, testing for, 343

dance language, for honeybees, 59—60
Darwin, Charles, 12-14
on individual differences in animal
cognition, 30-31
primate studies by, 12-14
Darwin, Sir George, 483
data collection
for developmental primate cognition, 90
in developmental primate cognition, data
items, 90
deception mechanisms, 73
theory of mind and, 441
decision-making
developmental primate cognition and,
101-102
by squirrel monkeys, 209-211
by titi monkeys, 209-211
Declaration on Research Assessment (DoRA),
543
deictic cues, in pointing behaviors, 77
Delboeuf illusion, 118-120
Delgado, Jose M. R., 21-22
dendrophilia, 279
Descent of Man, and Selection in Relation to
Sex (Darwin, C.), 12-13
developmental primate cognition. See also
cognition; primate cognition
analysis of, 102-105
limitations of, 105
summary of evidence, 102-105
Bayley Scales of Infant Development, 101
Brazelton Neonatal Behavioral Assessment
Scale, 101
Comparative Developmental Cognitive
Battery, 101
decision-making, 101-102
ManyPrimates collaborative group, 88-90,
102-103
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developmental primate cognition (cont.)
datasets for, 91-92
methodological approach to, 89-90
bias risks, 90
data collection processes, 90
data items, 90
eligibility criteria, 90
information sources, 89
search strategies, 89
study selection, 90
Primate Neonatal Neurobehavioral
Assessment, 101
problem solving, 101-102
results categories for, 90-102
for individual studies, 100-102
synthesis of results, 90-91
studies on, 91-102
characteristics of, 92—-100
infant/juvenile age class studies, 92-101
longitudinal, 104-105
ManyPrimates datasets in, 91-92
mixed age class studies, 95-100
results of, 100-102
theoretical approaches to, 88-89
Wisconsin General Test Apparatus, 101
diet. See primate intelligence
direct replication, in cognition research,
533-534
diseases. See human-to-animal disease
transmission
displaced reinforcement learning, 150-151
dissociable learning systems, 144—153
in alternative reinforcement environments,
149-150
displaced reinforcement learning, 150-151
explicit-declarative learning, 145-147
implicit-procedural learning, 145, 149-150
dogs, metacognition in, 325-326
DoRA. See Declaration on Research
Assessment
Dual System approach, to mental time travel,
303-304
dyadic interactive platforms, 624

Ebbinghaus illusion, 118-120
ecological drivers, of tool use, 244-246
Necessity Hypothesis, 244-245
Opportunity Hypothesis, 245
Relative Probability Hypothesis, 245-246
ecological validity, behaviorism and, 65-67
economic game tasks, 397401, 404
Assurance game, 398-399, 401
by capuchin monkeys, 399401
by chimpanzees, 399
Stag Hunt, 398-400
ecosystem effects, in field research, 563-564
Elder, James, 21-22

emergent behaviors, in ape language research,
495-496
lexigram systems and, 494
emotional contagion, 511-513
infrared thermography approach, 511-512
mimicry and, 507
in non-human primates, 512-513
pupil mimicry and, 512
stimuli responses to, 511-513
emotion-related targeted helping, 519-520
emotions, expression of
behavioral contagion and, 509
in primate communication, 414
in primate studies, 13-14
empathy. See also Russian Doll Model
analysis of, 521-522
comparative research on, 505
conceptualization of, 506-507
as multi-dimensional phenomenon,
506-507
Perception-Action Model, 506
definition of, 505
sub-components of, 506-507
enculturation
ape language research and, 483, 495-496
chimpanzee intelligence influenced by,
37-40
Primate Cognition Testing Battery
measures, 38-39
environmental degradation, field research and,
564
environmental unpredictability, primate
intelligence and, 640—644
Cognitive Buffer Hypothesis, 641-643
for early hominids, 643-644
environmental variables
for brain functions and volume, 31
for cognition, in primates, 31
in captive environments, 6768
effects of specific environments, 66
episodic cognition
mental time travel and, 291-292
autonoetic consciousness and, 293-294
chronesthesia and, 293-294
phenomenological aspects of, 292-294
autonoetic consciousness, 292-295
chronesthesia, 293-294
future thinking, 293-295
noetic consciousness, 293-295
semantic memory, 292-294
episodic memory, 292-302
in chimpanzees
future thinking and, 298
spatial-temporal components of past
events, 296
definition of, 292-293
familiarity and, 296-297
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future thinking and, 297-299
in chimpanzees, 298
in humans, 300-301
in orangutans, 299
planning and, 299-303
Spoon test and, 297-298, 302
in humans, 299-301
future thinking and, 300-301
spatial-temporal components of past
events, 300
Spoon test, 300-302
measurement of, 295-299
limitations in, 301-302
mental time travel and, 299-301, 303
Dual System approach, 303-304
receiver operating characteristics and,
297
recollection and, 296-297
sense of time and, 302-304
spatial-temporal components of past events,
295-296
in chimpanzees, 296
in gorillas, 296
in great apes, 296
in humans, 300
episodic-like memory, 296
ethics, in cognition research. See also captive
settings; field research
for animal welfare, 499, 551-552
for ape language research, 499
future research on, 569-570
theoretical approaches to, 551-553
3Ps framework, 552-553
3Rs framework, 552
ethology, primate cognition and, 62-63
eugenics, 29
European Primate Network 9, 596
eutherian mammals, spatial recognition in, 192
evolution
of cognition, 57-61
alloparenting in, 68
foraging factors in, 68-70
prime movers in, 6870
social factors in, 68-70
of human primates, 60-61
locomotor patterns, 61
of non-human primates, 6061
brachiation, 61
locomotor patterns, 61
physical features, 60
of social cognition, 68-70, 463-464
of theory of mind, 461-464
in humans, 462-463
of tool use, 238-239
through cultural diffusion, 239
among humans, 238-239
mechanisms of transmission, 239

exemplar theory, 136-139
dot-distortion category, 138
family-resemblance assumption, 139-141
insufficient processes in, 137-139
isolation processes, 141-143
macaque monkeys and, 137-143
experimental field studies, for replication
research, 540
explicit-declarative learning, 145-147
Exploratory Tendency Hypothesis, 246248
The expression of emotions in man and animals
(Darwin, C.), 13-14
extractive foraging hypothesis, 636-638
eye tracking paradigms, in non-human
primates, 370-383
attention studies, 373383
in capuchin monkeys, 377-380
in chimpanzees, 371-372, 377-380
future research directions for, 380-383
gaze-contingent, 382
in gorillas, 377-380
social learning studies, 373-383
familiarization videos in, 375
human infants compared to non-human
primates, 376-377
social memory bias, 374
across species, 371
systems for, 370-371
theory of mind and, 458459

Facial Action Coding System (FACS), 416,
483
facial expressions, among non-human
primates, 411-413
affective communication through, 416
among chimpanzees, 425-426
Facial Action Coding System, 416
as intentional communication, 421-429
FACS. See Facial Action Coding System
familiarity, episodic memory and, 296-297
family-resemblance assumption, 140-141
feeding patterns
for squirrel monkeys, 212-213
memories of food locations, 206-207
for titi monkeys, 212-213
memories of food locations, 206-207
Fernberger, Samuel Weiller, 19
Ferster, Charles, 21-22
field experiments. See also non-naturalistic
experiments
ethics for, 566-567
in naturalistic studies, 610-611
field research, ethics for, 561-569
with conservation groups, 563
ecosystem effects, 563-564
field experiments, 566-567
human relationships in, 567-569
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field research, ethics for (cont.)
community engagement and, 568
competing interests and, 568
partnerships and, creation of, 568
tourism and, 569
human-to-animal disease transmission, 562-563
intervention strategies, 563
by Kibali Snare Removal Project, 563
practice protocols, 564-566
for bio-sample collection, 566
for capture, mark, and release processes,
566
for environmental degradation, 564
for habituation processes, 564-566
for provisioning processes, 564—566
real world elements as factors in, 562
find repetition strategy, 269-270
food tasks
by macaque monkeys, 228
in targeted helping, 519
foraging factors
primate intelligence and, 634, 636-638
for primates, 68-70
Fossey, Dian, 1
Fouts, Deborah, 488-490. See also sign
language studies
Fouts, Roger, 488-490. See also sign language
studies
Franz, Shepherd Ivory, 19
Fulton, John F., 21-22
Furness, William Henry, 111, 19, 484
future thinking
definition and scope of, 293
episodic cognition and, 293-295
episodic memory and, 297-299
in chimpanzees, 298
in humans, 300-301
in orangutans, 299
planning and, 299-303
Spoon test and, 297-298, 302

“g.” See general intelligence
galagos, numerical cognition by, 173-174
Gardner, Allen, 487-488. See also Project
Washoe; sign language studies
Gardner, Pearl, 21-22
Gardner, Trixie, 487-488. See also Project
Washoe; sign language studies
Garner, Richard Lynch, 14-15, 484
gaze-contingent eye tracking paradigms, 382
Gellerman, Louis, 21-22
general intelligence (“g”), 657-658. See also
chimpanzees
in animal intelligence, 32-35
genetics
animal intelligence influenced by, 29-31
brain function influences by, 31

chimpanzee intelligence, measurement for
genome wide association studies, 4049
Primate Cognition Testing Battery, 41-46
whole genome analyses, 49
cognition influenced by, 29-31
genome wide association studies (GWAS), for
chimpanzee intelligence, 40-49
geometric illusions, 117-118
Gestalt principles, for human perception, 116
gestures, non-human primate communication
through
among chimpanzees, 426
as intentional communication, 421-429
Gladden, George, 484
global precedence, in perception, 116
goggles test, 460-461
Goodall, Jane, 1, 485, 613
gorillas
episodic memory for, spatial-temporal
components of past events, 296
eye tracking paradigms in, 377-380
food choice tasks by, 172
metacognition in, 319-320
pantomime by, 76
tool use by, 240-241
Grand, Theodore, 191
Great Ape Protection and Cost Savings Act,
U.S. (2011), 499
great apes. See also ape language research
categorization by, 157
cooperation among, 402
episodic memory in, spatial-temporal
components of past events, 296
food choice tasks by, 172
intentional communication by, 76-77
metacognition in, 318-320
evolution of, 319
pantomime by, 76
pointing behaviors by, 77
symbols use by, 72
theory of mind and, 442-458, 460461
sensitivity to others’ beliefs, 456458
sensitivity to others’ goals and intentions,
448-453
sensitivity to others’ knowledge,
455
sensitivity to others’ perception,
448-455
tool use by, 72, 240-241
Grether, Walter, 21-22
GWAS. See genome wide association studies

habituation processes, in field research,
564-566

Haggerty, Melvin E., 19-20

Hamilton, G. V., 19

Harlow, Harry, 22
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Hauser, Marc, 593
Hayes, Catherine, 21-22, 485
Hayes, Keith, 21-22, 485
Hebb, Donald, 21-22
heritability, for intelligence. See specific
primates; specific topics
Herrnstein, R. J., 22
heterogeneous sampling, in cognition research,
542
heuristics, inferential reasoning in, 348-354
cup tasks and, 349-351
tool-use tasks and, 351-354
Heyes, Celia, 441, 458-459
Hobhouse, Leonard Trelawny, 16-17
Holmes, Samuel Jackson, 19
homogeneous sampling, in cognition research,
542
honeybees, communication systems for, 58—60
dance language, 59-60
HPA system. See hypothalamic-pituitary-
adrenal system
Hubel, David, 5
human behaviors, in captive settings, ethics
for, 559-561
human-to-animal disease transmission
issues, 559
positive-reinforcement training, 560
relationships with animals, 559-560
human enculturation. See enculturation
human primates
approximate number system in,
167-168
cognition for, comparisons with non-human
primates, 64—65
communication among, 411-413
intentionality of, 412-430
episodic memory and, 299-301
future thinking and, 300-301
spatial-temporal components of past
events, 300
Spoon test, 300-302
evolution of, 60-61
locomotor patterns, 61
for tool use, 238-239
eye-tracking studies for, 376-377
future thinking and, 300-301
language development for, complexity of, 260
non-human primates compared to, 3-6
for brain research, 5-6
for cognitive processes, 4-5
for metacognition research, 4
perception for, Gestalt principles of, 116
theory of mind for, 462-463
human-to-animal disease transmission, ethics
for
in captive settings, 559
in field research, 562-563

human-unique cognitive capacities, 7078
deception mechanisms, 73
imitation and, 74-75
insight learning, 71
mental rotation, 74
metacognition, 74
pointing behaviors, 77-78
comprehension of, 77-78
deictic cues, 77
production of, 77
speech comprehension, 74
symbols use, 72
hypothalamic-pituitary-adrenal system (HPA
system), 213-215

IJA. See initiating joint attention
illusions. See visual illusions
imitation, in primates, 74-75
implicit-procedural learning, 145, 149-150
indexed A"B" grammars, 274-279
infant/juvenile age class studies, on developmental
primate cognition, 92-101
inferential reasoning, in non-human primates,
357, 360
association and, 348-354
broken string tasks, 359
causal inferences, 354-356
blicket detector task, 355-356
cup tasks and, 354-356
tool-use tasks and, 354-356
comparative methodology for, 357-358
cup tasks and, 359
causal inferences, 354-356
heuristics and, 349-351
testing for, 343
by exclusion, 342, 356-360
heuristics and, 348-354
cup tasks and, 349-351
tool-use tasks and, 351-354
insight and, 343-345
exclusion by, 356-360
through mental trial and error, 344
through recombination of past
experiences, 344
suddenness of, 343-344
ManyPrimates collaborative group and,
357-358
problem solving and, 341
spatio-temporal relations and, 356-358
testing for, 341-343
cup tasks, 343
tool tasks, 343
tool-use tasks and
causal inferences, 354-356
heuristics and, 351-354
testing for, 343
information-integration tasks, 147-148
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infrared thermography approach (IRT
approach), 511-512
initiating joint attention (IJA), 45
insight
inferential reasoning and, 343-345
exclusion by, 356-360
through mental trial and error, 344
through recombination of past
experiences, 344
suddenness of, 343-344
problem solving through, 342
insight learning
animal intelligence and, 30
for primates, 71
insightful problem solving, 342
instinctive drift, 62-69
intelligence. See also primate intelligence
eugenics and, 29
as psychological concept, 29
intentional communication, among non-
human primates, 417-421
cognition and, 76-77
aboutness in, 76
voluntary, 76
definition of, 417
through gestures, 421-429
orders of, 417-418
second-order intentionality, 417
third-order intentionality, 417
zero-order intentionality, 417
primary channels for, 419-421
through vocalizations, 420
internal validity, behaviorism and, 63-64
intersubjectivity, in ape language research,
483, 496497
An Introduction to Comparative Psychology
(Morgan), 15
IRT approach. See infrared thermography
approach

Jacobsen, Carlyle, 21-22
Japan, collaboration initiatives in, 585
Jastrow illusion, 118-120
joint attention, in ape language research, 483,
497
joint-action tasks, 390-401
barpull tasks, 393-394
by capuchin monkeys, 394-396
by chimpanzees, 394-396
by orangutans, 396

Kao Ling Chow, 21-22

Kelleher, Roger, 21-22

Kellogg, Luella, 484-485

Kellogg, Winthrop, 21-22, 484-485
Kibali Snare Removal Project, 563
Kinnaman, A. J., 17-18

knucklewalking, 61

Kohler, Wolfgang, 23, 71, 551
Kortlandt, Adriaan, 613
Kummer, Hans, 189

laboratories. See also primate research
stations; specific studies
for primate studies, 21
Ladygina-Kohts, Nadia, 485, 551
LANA Project. See Language ANAlogue
Project
language. See also artificial grammar;
sequence learning
in affective-cognitive dimensional approach,
in non-human primates, 427-428
chimpanzees and, 29, 484-485
cognition and, 2
context-sensitive, 262
among humans, complexity of, 260
limitation for, among non-human primates,
260-261
Munduruku language, 168, 260
recursion and, 260-263, 271-272, 283-285
recursive operations, 272
recursive structures, 272, 282
self-calls, 281-282
Language ANAlogue Project (LANA Project),
492
Language Research Center Project (LRC
Project), 492-494, 498
large-scale collaboration initiatives, in primate
cognition research, 589-597
Atlas of Comparative Cognition, 592
limitations of, 592-593
open science innovations in, 593-594, 600
in primatology studies, 595-597
in psychology studies, 594-595
Lashley, K. S., 21-22
last resort hypothesis, 175-176
numerosity and, 176
Law of Effect
animal intelligence and, 29
in primate studies, 16
learning set, animal intelligence and, 29-30
learning systems. See dissociable learning
systems; sequence learning
Lectures on Human and Animal Psychology, 14
Lemur Conservation Network, 596
lemurs
metacognition in, 324
numerical cognition by, 173-174
theory of mind and, 442-458
sensitivity to others’ beliefs, 456458
sensitivity to others’ goals and intentions,
448-453
sensitivity to others’ knowledge, 455
sensitivity to others’ perception, 448-455
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lexigram systems, in ape language research,
497-498
emergent behaviors and, 494
in symbol-based language projects, 494
line-length illusion, 118-121
locomotor patterns
for human primates, 61
for non-human primates, 61
longitudinal studies, for developmental
primate cognition, 104105
Lorenz, Konrad, 62-63
lorises, numerical cognition by, 173-174
LRC Project. See Language Research Center
Project

macaque monkeys
categorization by, 158
displaced reinforcement learning, 150-151

metacognition. See also animal metacognition
awareness and, 314
black and white thinking and, 314
cognitive behavioral therapy and, 314
consciousness and, 314-315
access consciousness, 314-315
definition of, 314-323
mindfulness and, 314
in primates, 74
processes of, 314-323
scope of, 314-315
thought stopping and, 314
metacognitive characterization metric,
326-327
metacognitive errors, 328-330
metamemory, 326, 331
metarepresentational theory of mind, 456
metatherian mammals, spatial recognition in,

exemplar theory and, 137-143 192

illusory contours for, 126-127 Miles, Lyn, 491-492

rule-based tasks, 147-148 mimicry

transfer tasks, 149 facial, 507
exemplar theory and, 137-139 rapid, 508

family-resemblance assumption,
140-141
isolation of, 141-143
food tasks by, 228
illusory contours for, 126-127
metacognition in, 321
rule-based tasks, 147-148
semantic congruity effect and, 170-171
theory of mind and, 458
tool use by, 241
ontogenetic studies, 242-244
transfer tasks, 149
Maclean, Paul, 21-22
macropods, spatial recognition in, 194-195
Many Labs project, 595
Many Smiles project, 595
ManyBabies Consortium, 595
ManyPrimates collaborative group, 88-90,
102-103, 589, 594, 597-599
datasets for, 91-92
inferential reasoning studies and, 357-358
replication in cognition research, 534
Marquis, Donald, 21-22
memory. See episodic memory; episodic-like
memory; semantic memory
Mental Evolution in Animals (Romanes), 15
mental rotation, cognition and, 74
mental time travel (MTT), 304-307
episodic cognition and, 291-292
autonoetic consciousness and, 293-294
chronesthesia and, 293-294
episodic memory and, 299-301, 303
Dual System approach, 303-304
Mentality of the Apes (Kohler), 23

in Russian Doll Model, for empathy, 508-509
emotional contagion, 507
facial mimicry, 507-508
in non-human primates, 508-509
pupil mimicry, 512
scope of, 507
Mind in Evolution (Hobhouse), 16-17
mindfulness, metacognition and, 314
mindreading, 460-461
mirror self-recognition, for chimpanzees, 29
Mirsky, Allan, 21-22
mixed age class studies, for developmental
primate cognition, 95-100
monkeys. See also specific types
food choice tasks by, 172
metacognition in, 74
ordinal rule use by, 169170
perception by, processes for, 116
pointing behaviors by, 77
theory of mind and, 442458
sensitivity to others’ beliefs, 456-458
sensitivity to others’ goals and intentions,
448-453
sensitivity to others’ knowledge, 455
sensitivity to others’ perception, 448-455
monogamous species, reproductive strategies
in, 649
Morgan, Conway Lloyd, 15
motion illusions
from physical stimulation, 122-123
Rotating Snakes, 121-122
from static stimuli, 121-122
MTT. See mental time travel
Miiller, Max, 14
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Miiller-Lyer illusion, 120

multilevel primate societies, reproductive
strategies in, 652

Munduruku language, 168, 260

naturalistic studies, 610-618
field experimentation, 610-611
observational studies of social knowledge,
611-612
post-conflict interaction, 611
playback experiments for social knowledge,
612-613
playback of alarm calls, 614-616
predator models, 613-614
primate ranging behavior, 616-617
natural-kind categorization, 136144
Necessity Hypothesis, 244-245
neophobia, 390-391
neural signature of numbers, 177
New World monkeys. See also Pitheciidae;
specific species
metacognition in, 323-324
spatial recognition in, 226-230
Nissen, Henry, 21-22
noetic consciousness, 293-295
noise-vocoded speech, 494-495
noncontinuity theory, 144-145
nonhuman metacognition. See animal
metacognition
non-human primates. See also primate
cognition; primate communication;
primate studies; primates; specific
primates; specific studies
language limitations among, 260-261
metacognition in, 74
in Russian Doll Model, for empathy
behavioral contagion, 511-525
consolation, 515-518
emotional contagion, 512-513
mimicry in, 508-509
perspective-taking, 513-515
targeted helping, 519-521
tool use among, 238-239
captivity effect and, 240
cognition and, 72
non-invasive eye tracking. See eye tracking
paradigms
non-naturalistic experiments, ‘in the wild,’
618-622
animal engagement in, 618-619
foodstuff manipulation, 619-620
interactive experimentation, 621
picture book studies, 621
puzzle boxes, 620-621
North American Primate Sanctuary Alliance,
596
number discrimination tasks, 174

numerical cognition, in non-human primates

approximate number system, 167-169
comparison with humans, 168-169
food choice tasks and, 168-169, 171-173
multiplication abilities, 180

arithmetic abilities, 177-181
addition, 177-178, 181
approximate number system and, 180
multiplication, 179-181
subtraction, 178-179

last resort hypothesis, 175-176
numerosity and, 176

neural signature of numbers, 177

object file system, 174-175

ordinal rule use, 169-170

in prosimian primates, 173-174
number discrimination tasks, 174
numerosity of hidden objects, 174
spontaneous quantity discrimination

tasks, 173

semantic congruity effect, 170-171

shared processing systems for, 167

theoretical approach to, 167

numerosity
of hidden objects, in prosimian primates,
174
last resort hypothesis and, 176

object file system, 174-175
observational replication, in cognition
research, 540-541
observational studies of social knowledge,
611-612
post-conflict interaction, 611
Old World monkeys. See also specific species
metacognition in, 320-322
associative mechanisms in, 322
ontogenetic studies, for tool use, 242-244
open science initiatives. See also specific
initiatives
large-scale collaborations and, 593-594, 600
OpenScience Collaboration, 594-595
Opportunity Hypothesis, 245
optimal foraging theory, 171
orangutans
cooperation among, 402
through joint-action tasks, 396
episodic memory in, 299
food choice tasks by, 172
foraging factors, 69-70
future thinking in, 299
metacognition in, 318-320
pantomime by, 76
tool use by, 241
ontogenetic studies, 242-244
ordinal position learning, 267-268
transitive interference in, 268
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ordinal rule use, by non-human primates, 169-170
owl monkeys
brain studies, 5-6
spatial recognition in, 198-199, 202-205
pair living in, 223-225

pairmates, among titi monkeys, 221-225
PAM. See Perception-Action Model
Pan African Programme, 596-597
Pan African Sanctuary Alliance, 596
pantomime, primate cognition and, 76
parenting strategies, in Social Intelligence
Hypothesis, 652-653
Patterson, Francine, 491
PCA. See Principal Component Analysis
PCI. See post-conflict interaction
PCTB. See Primate Cognition Testing Battery
perception, for primates. See also specific
primates
perceptual completion, 123-127
amodal completion, 123-127
illusory contours, 126127
processing modes, 116-123
global precedence in, 116
theoretical approach to, 115
visual illusions, 117-123
geometric, 117-118
line-length, 118-121
motion, 121-123
size, 118121
types of, 118-121
visual pathways
primary, 115
secondary, 115
Perception-Action Model (PAM), 506
perceptual categorization, 136-144
perceptual completion, 123-127
amodal completion, 123-126
illusory contours, 126-127
perspective-taking, 513-515
auditory, 514-515
behavior contagion and, 509
in non-human primates, 513-515
theory of mind and, 513
visual, 514-515
phoneme content of speech, 495
physical cognition, primate intelligence and, 635
picture book studies, 621
pilorection, among chimpanzees, 424
Pitheciidae. See also specific monkeys
spatial recognition and, 188-230
attachment processes among, 226
behavioral inhibition, evolutionary
background for, 219-220
parasympathetic dominance in,
evolutionary background for, 219-220
spatial recognition in, 197-198

play faces, among chimpanzees, 425-426
playback experiments
in ape language research, 484
for social knowledge, 612-613
playback of alarm calls, 614-616
PNNA. See Primate Neonatal
Neurobehavioral Assessment
pointing behaviors, 77-78
comprehension of, 77-78
deictic cues, 77
production of, 77
polygamous species, reproductive strategies in,
649-650
polygynandrous primates, reproductive
strategies in, 651
polygynous primates, reproductive strategies
in, 650-651
Ponzo illusion, 120
positive feedback loop, in cognition research,
536
positive-reinforcement training (PRT), 560
post-conflict interaction (PCI), 611
predator models, 613-614
Pribram, Karl, 21-22
primary visual pathways, in primate
perception, 115
primate cognition, for non-human primates.
See also primate intelligence
adaptations of, 65
biological factors for, 30-31
for chimpanzees
general intelligence and, 32-34
heritability factors and, 32-34
rearing experiences and, effects of, 36-37
comparisons with human cognition, 4-5,
64-65
as consciously cognitive, 8
cross-species comparisons, 632-633
patterns of differences, 654—-656
with Primate Cognition Testing Battery,
654
deception mechanisms, 73
definition of, 57-78, 88
ecological approaches to, 6-7
in naturalistic environments, 6
environmental variables for, 31
in captive environments, 67-68
environmental effects, 66
evolution of, 57-61
alloparenting in, 68
foraging factors in, 68-70
prime movers in, 68-70
social factors in, 68-70
human-unique cognitive capacities, 70-78
imitation and, 74-75
insight learning, 71
as instinctual behavior, 8
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primate cognition, for non-human primates
(cont.)
intentional communication, 76-77
aboutness in, 76
voluntary, 76
mental rotation, 74
metacognition, 74
pantomime, 76
pointing behaviors, 77-78
comprehension of, 77-78
deictic cues, 77
production of, 77
purpose of, 1
spatial recognition and, 188-190
information processing capacities,
188-189
schemas and, 189-190, 227-228
species polarities for, 191
speech comprehension, 74
symbols use, 72
theoretical approaches to, 1-3, 7-8, 62-68
behaviorism, 62—69
ethology field, 62-63
theory of mind and, 72-73
tool use, 72
Primate Cognition Testing Battery (PCTB)
captivity studies and, 622
for chimpanzee intelligence, 32-34, 38-39
attention-getting vocalizations and
behaviors, 41-44
construct validity of general intelligence, 47
genetic associations, between brain
function and cognition, 41-46
initiating joint attention, 45
phenotypic associations, between brain
function and cognition, 41-46
receptive joint attention, 45-46
for cognitive patterns, between different
primates, 654
primate communication
affective communication, 411-416
emotional responses, 414
through facial expressions, 416
through vocalizations, 414-416
affective-cognitive dimensional approach to,
421-425
arousal in, 424-425
language evolution and, 427-428
long-term implications of, 427-428
parameters for, 422-424
among chimpanzees, 422-423
facial communication, 425-426
gestural communication, 426
pilorection, 424
play faces, 425-426
reach gestures, 426
vocal communication, 425

through facial expressions, 411-413
affective communication through, 416
among chimpanzees, 425-426
Facial Action Coding System, 416
as intentional communication, 421-429

future research on, 428-429

through gestures
among chimpanzees, 426
as intentional communication, 421-429

intentional communication, 417-421
definition of, 417
through gestures, 421-429
orders of, 417418
primary channels for, 419-421
through vocalizations, 420

theoretical approach to, 411-413

through vocalizations, 411-413
affective communication through,

414-416
among chimpanzees, as vocal
communication, 425
as intentional communication, 420
PRIMatE Data Exchange, 597
primate intelligence, 633-636. See also Social
Intelligence Hypothesis

brain size and, 633-634, 641-643

diet and, 634-640
extractive foraging hypothesis and,

636-638
foraging strategies and, 634, 636-638
for hominids, 640
limitations on research, 638-640
physical cognition and, 635
social cognition and, 635-636
Technical Intelligence hypothesis, 640
environmental unpredictability and,
640-644
Cognitive Buffer Hypothesis, 641-643
for early hominids, 643-644

for hominids
diet and, 640
environmental unpredictability for,

643-644
Primate Neonatal Neurobehavioral
Assessment (PNNA), 101
primate perception. See perception
PRIMatE Research Exchange, 597
primate research stations
history of, 21-24
Yerkes National Primate Center, 32-33
primate studies, non-human, 3-6

for conservation programs, 3

Darwin, C., and, 12-14

on emotional expression, 13-14

history of, 12-24
in academic works, 14
labs, 21
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primate research stations, 21-24
within psychology, 12
Law of Effect, 16
in psychological research, 19-20
in clinical psychology, 19
for comparative psychology, 22-23
history of, 12
Romanes and, 12, 14-15
for species welfare, 3
Thorndike and, 15-16
intra-species comparisons, 15-16
Yerkes and, 19-22
primates, non-human, 3-6
cathemeral lifestyles of, 61
cognition for, comparisons with human
primates, 64—65
crepuscular lifestyles of, 61
evolution of, 60-61
brachiation, 61
locomotor patterns, 61
physical features, 60
habitats of, 61
human primates compared to, 3-6
for brain research, 5-6
for cognitive processes, 4-5
for metacognition research, 4
knucklewalking, 61
quadrupedalism, 61
social structures of, 61
Principal Component Analysis (PCA), for
chimpanzee intelligence, 32-33
Prisoner’s Dilemma, 398-401, 404
problem solving, in non-human primates, 357,
360
causal relations in, 345-348
in cup tasks, 345-347
in tool tasks, 347-348
cup tasks
causal relations in, 345-347
spatio-temporal relations in, 345-347
testing for, 343
developmental cognition and, 101-102
inferential reasoning and, 341
insightful, 342
spatio-temporal relations for, 345-348
in cup tasks, 345-347
in tool tasks, 347-348
testing for, 341-343
cup tasks, 343
tool tasks, 343
tool tasks
causal relations in, 347-348
spatio-temporal relations in, 345-347
testing for, 343
Project Chantek, 491-492
Project Koko, 491-492
Project Loulis, 489-490

Project Washoe, 485-491
proof of principle studies, 589
prosimian primates. See also specific primates
numerical cognition in, 173-174
number discrimination tasks, 174
numerosity of hidden objects, 174
spontaneous quantity discrimination
tasks, 173
prototype theory, 136
provisioning processes, in field research,
564-566
PRT. See positive-reinforcement training
Pseudocheirus, spatial recognition in, 194-195
psychological research
animal intelligence in, 29
in primate studies, 19-20
in clinical psychology, 19
for comparative psychology, 22-23
history of, 12
pupil mimicry, 512
puzzle boxes, 620-621

quadrupedalism, 61
quasi-replications, in cognition research, 533

ranging behaviors, naturalistic studies of,
616-617
rapid facial mimicry (RFM), 508
rats, metacognition in, 325
reach gestures, among chimpanzees, 426
reaction time (RT) comparisons, 167
rearing experiences. See also enculturation
for chimpanzees, intelligence effects from
adverse experiences, 36-37
brain functions and, 36-37
receiver operating characteristics (ROC),
297
receptive joint attention (RJA), 45-46
reciprocity, cooperation and, 403-404
recollection, episodic memory and, 296-297
recursion, 260-263, 271-272, 283-285
recursive operations, 272
recursive structures, 272, 282
self-calls, 281-282
referentiality, in ape language research, 483,
497
Relative Probability Hypothesis, 245-246
replication and reproducibility in cognition
research
challenges with, 536-539
between-site behavioral variations,
537-538
sample inaccessibility issues, 536537
collaboration initiatives for, 587-589
conceptual, 533-534
design of, 542
generalizability as element of, 542
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replication and reproducibility in cognition
research (cont.)
direct, 533-534
field studies for, 539-541
experimental, 540
observational, 540-541
future research on, 543544
under Declaration on Research
Assessment, 543
goals of, 532-535
generalizability as, 532-533
incentivization for, 543-544
interpretation of, 536-539
success criteria, 539
low replicability, 533
quasi-replications, 533
replication crisis, 7-8, 533
sampling definitions of, 541-542
heterogeneous, 542
homogeneous, 542
as scientific testing tool, 532, 534-535
frequency of replications, 534
in ManyPrimates collaborative group,
534
success criteria for, 535
selection criteria, 535-536
positive feedback loop in, 536
replication crisis, 7-8, 533
reproducibility in cognition research. See
replication and reproducibility in
cognition research
RFM. See rapid facial mimicry
rhesus monkeys
metacognition in, 320-322
object file system and, 175
perception processes
geometric illusions, 117-118
illusory contours for, 126-127
Riesen, Austin, 21-22
Riopelle, Arthur, 21-22
RJA. See receptive joint attention
Robinson, John S., 21-22
ROC. See receiver operating characteristics
Romanes, George John, 12, 14-15, 484
Romski, Mary Ann, 498
Rosner, Burton, 21-22
Rotating Snakes illusion, 121-122
RT comparisons. See reaction time
comparisons
rule-based category structures, 146
rule-based tasks, 147-148
Rumbaugh, Duane, 492-494
Russian Doll Model, for empathy, 506-521.
See also targeted helping
behavioral contagion, 511-525
emotional affinity and, 509
in non-human primates, 511-525

perspective-taking and, 509
yawn contagion, 509-511
consolation, 515-518
bystander-solicited affiliation, 517-518
in non-human primates, 515-518
Social Constraints Hypothesis, 516-517
emotional contagion, 511-513
infrared thermography approach,
511-512
mimicry and, 507
in non-human primates, 512-513
pupil mimicry and, 512
stimuli responses to, 511-513
mimicry, 508-509
emotional contagion, 507
facial, 507-508
in non-human primates, 508-509
pupil, 512
scope of, 507
perspective-taking, 513-515
auditory, 514-515
behavior contagion and, 509
in non-human primates, 513-515
theory of mind and, 513
visual, 514-515

saki monkeys. See bearded saki monkeys;
white-faced saki monkeys
same-different capacity, in categorization,
155-156
Savage-Rumbaugh, Sue, 492-494
Schaller, George, 1
secondary visual pathways, in primate
perception, 115
sedentary-cautious lifestyle, of titi monkeys,
213-215
self-calls, recursion and, 281-282
semantic congruity effect, 170-171
semantic memory, 292-294
semanticity, in ape language research, 498
sense of time, episodic memory and,
302-304
sensitivity to others’ beliefs, in theory of mind,
456-458
sensitivity to others’ goals and intentions, in
theory of mind, 448-453
sensitivity to others’ knowledge, in theory of
mind, 455
sensitivity to others’ perception, in theory of
mind, 448-455
sequence learning, 260-263
for algebraic patterns, 268-270
find repetition strategy, 269-270
associative-chain theory, 263-267
simultaneous chain task, 267-268
center-embedded spatial sequences,
279-281
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long-distance dependence in, 270-271
mixed-complexity sequences, 270-271
non-adjacent sequences, 270-271
ordinal position learning, 267-268
transitive interference in, 268
overview of, 283-284
probabilistic patterns, 265-266
serial, 263-264
transitional probabilities in, 263-266
variability of sequences in, 265-266
serial sequence learning, 263-264
Sevcik, Rose, 498
Seyfarth, Robert, 366
Sheak, Henry, 484
Shepherd, W. T., 19
Sidman, Murray, 22
sign language studies
American Sign Language
in ape language research, 483, 485-491
chimpanzees and, 485
in ape language research, 485-492
American Sign Language, 483, 485-491
cultural transmission of sign language,
489-490
decline in research studies, 491-492
Project Chantek, 491492
Project Koko, 491-492
Project Loulis, 489-490
Project Washoe, 485-491
at University of Oklahoma,
488-491
Simiadae, mental functions of, 15
simultaneous chain tasks, 267-268
size illusions, 118-121
Skyrms, Brian, 398-399
SNS. See sympathetic nervous system
social cognition
evolution of, 463-464
future research on, 464-465
primate intelligence and, 635-636
Social Constraints Hypothesis, 516-517
Social Intelligence Hypothesis,
644-654
cooperation in, 653-654
group size and, 647
parenting strategy in, 652-653
reproductive strategy in, 648—-652
in dispersed primates, 650
for monogamous species, 649
in multilevel primate societies, 652
for polygamous species, 649650
in polygynandrous primates, 651
in polygynous primates, 650-651
Technical Reasoning Hypothesis and,
645
Vygotskian Cultural Intelligence Hypothesis
and, 653-654

social learning
eye tracking paradigms and, 373-383
familiarization videos in, 375
human infants compared to non-human
primates, 376-377
social memory bias, 374
through visual information, 365-366
Social Learning Hypothesis, 248-249
social memory bias, 374
social tolerance, in targeted helping, 521
socio-cognitive drivers, of tool use,
246-249
Cultural Intelligence Hypothesis, 249
Exploratory Tendency Hypothesis,
246-248
Social Learning Hypothesis, 248-249
sound technology, in ape language research,
484
spatial recognition, natural history of,
188-230. See also squirrel monkeys; titi
monkeys
in bearded sakis, 198-199, 202-205
behavior and, 188-190
environmental influences on, 188-189
as source of innovation, 190
species polarities for, 191
in chimpanzees, 228-229
cognition and, 188-190
information processing capacities,
188-189
schemas and, 189-190, 227-228
species polarities for, 191
comparative methodology for, 191-200,
226-230
ecological convergent, 193
species polarities, 191
in species selection, 192-198
in eutherian mammals, 192
by macaque monkeys, in food tasks, 228
in macropods, 194-195
in metatherian mammals, 192
in New World monkeys, 226-230
in owl monkeys, 198-199, 202-205
pair living in, 223-225
in Pitheciidae, 197-198
attachment processes among, 226
behavioral inhibition, evolutionary
background for, 219-220
parasympathetic dominance in,
evolutionary background for,
219-220
in Pseudocheirus, 194-195
species polarities
in behavioral functions, 191
in cognitive functions, 191
comparative methodology for, 191
in uakaris, 198-199, 202-205
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spatial recognition, natural history of (cont.)
in white-faced sakis, 198, 202-205
memories of food locations, 206-207
pair living in, 223-225
spatio-temporal relations, in non-human
primates
inferential reasoning and, 356-358
for problem solving, 345-348
in cup tasks, 345-347
in tool tasks, 347-348
species, health of, primate studies for, 3
species polarities, in spatial recognition
in behavioral functions, 191
in cognitive functions, 191
comparative methodology for, 191
speech comprehension, cognition and, 74
speech perception capabilities, in ape language
research, 494-495
Spence, Kenneth, 21-22
Sperry, Roger, 21-22
spontaneous barter, 403
spontaneous quantity discrimination tasks,
173
Spoon test, for episodic memory, 297-298
in humans, 300-302
squirrel monkeys
amodal perception for, 124-125
spatial recognition in, 188-230
active-bold lifestyle of, 213-215
autonomic nervous system responses,
213-215
behavioral inhibition in, 212
decision-making by, 209-211
feeding patterns for, 212-213
habituation rates, 211-212
hypothalamic-pituitary-adrenal system
responses, 213-215
memories of food locations, 206-207
in novel environments, 201-206
physiological characteristics of,
215-216
response speeds, 211-212
social characteristics of, 215-216
sympathetic nervous system responses,
214
travel tasks, 201-206, 209-211
Stag Hunt, 398-400
Stapel, Diederik, 593
strepsirrhines. See also galagos; lemurs; lorises
theory of mind for, 443-453
subitizing, 273-274
symbol-based language projects
in ape language research, 492-495
LANA Project, 492
Language Research Center Project,
492-494, 498
lexigram systems, 494

speech perception capabilities, 494-495
theory of mind skills, 493
symbols use, by primates, 72
sympathetic nervous system (SNS), 214

targeted helping, in Russian Doll Model,
518-521
emotion-related, 519-520
epimeletic form of, 520
in food tasks, 519
in non-human primates, 519-521
social tolerance and, 521
in stress situations, 520-521
tool-reaching paradigms in, 519
Technical Intelligence hypothesis, 640
Technical Reasoning Hypothesis, 645
Temerlin, Maurice, 489
Terrace, Herb, 490-491. See also sign language
studies
territoriality, among titi monkeys, 201
Teuber, Eugen, 23
theory of mind
animal research on, 440
chimpanzees and, 72-73, 441-442
intelligence measurement of, 29
sensitivity to others’ beliefs, 456458
sensitivity to others’ goals and intentions,
448-453
sensitivity to others’ knowledge, 455
sensitivity to others’ perception, 448-455
coalitionary alliances and, 441
cognitive processes and behaviors in, 1-2
composition of, 442
deceptive behaviors and, 441
definition of, 439-440
evidence of, interpretation for, 458-461
behavioral cues, 459-460
goggles test, 460461
mindreading, 460-461
evolution of, 461-464
in humans, 462-463
eye-tracking studies and, 458-459
future research on, 464-465
great apes and, 442-458, 460-461
sensitivity to others’ beliefs, 456-458
sensitivity to others’ goals and intentions,
448-453
sensitivity to others’ knowledge, 455
sensitivity to others’ perception, 448-455
lemurs and, 442-458
sensitivity to others’ beliefs, 456458
sensitivity to others’ goals and intentions,
448-453
sensitivity to others’ knowledge, 455
sensitivity to others’ perception, 448-455
macaques and, 458
metarepresentational, 456
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monkeys and, 442-458
sensitivity to others’ beliefs, 456458
sensitivity to others’ goals and intentions,
448-453
sensitivity to others’ knowledge, 455
sensitivity to others’ perception, 448-455
perspective-taking and, 513
primate cognition and, 1-2, 72-73
strepsirrhines and, 443-453
study of, history of, 440-442
in symbol-based language projects, 493

Thompson, Robert, 21-22
Thorndike, Edward Lee

Law of Effect
animal intelligence and, 29
in primate studies, 16

species comparisons with, 199-200
sympathetic nervous system responses, 214
territoriality in, 201

travel routines by, 217-218

travel tasks, 201-206, 209-211

use of space, 200-206

Tomilin, Michael, 21-22
tool tasks

inferential reasoning and, 354-356
heuristics and, 351-354
testing for, 343

problem solving and
causal relations in, 347-348
spatio-temporal relations in, 345-347
testing for, 343

targeted helping in, 519

tool use. See also specific non-human primates
analytical approaches to, 238-239
cognition and, 72
comparative approach to, 240-241
Comparative Socio-ecological and
Developmental Approach, 238, 249-250
goals and purpose of, 251
definitions of, 238
developmental approach to, 241-244
in ontogenetic studies, 242244

primate studies by, 15-16
intra-species comparisons, 15-16

thought stopping, metacognition and, 314

3Ps framework, for ethics, in cognition
research, 552-553

3Rs framework, for ethics, in cognition
research, 552

Tinbergen, Niko, 487

Tinklepaugh, Otto Leif, 21-22

titi monkeys, spatial recognition in, 188-230

acquisition of spatial habits, 216-217

arboreality in, 207-208

autonomic nervous system, 213-215

behavioral activation in, 220-223

behavioral dispositions of, 200-208,
212-213

behavioral inhibition in, 212, 220-223

biparental care among, emergence of,
225-226

comparative methodology for, 197-198

conflict resolution by, 217-218

decision-making by, 209-211

feeding patterns for, 212-213

field observations of, 201

ecological drivers of, 244-246
Necessity Hypothesis, 244-245
Opportunity Hypothesis, 245
Relative Probability Hypothesis, 245-246

evolution of, 238-239
through cultural diffusion, 239
among humans, 238-239
for mechanisms of transmission, 239

among non-human primates, 238-239
captivity effect and, 240
cognition and, 72

origins of, 238

socio-cognitive drivers of, 246-249
Cultural Intelligence Hypothesis, 249

habituation rates, 211-212

hypothalamic-pituitary-adrenal system,
213-215

knowledge acquisition by, 216-217

memories of food locations, 206-207

in novel environments, 201-206

origins of, 218-219

among pairmates, 221-225

performance in spatial learning tasks,
200-206

physiological characteristics of, 215-216

physiological feedback for, 220-223

reinstatement of memories by, 218

response speeds, 211-212

sedentary-cautious lifestyle of, 213-215

social characteristics of, 215-216

social patterns of, 197-198

Exploratory Tendency Hypothesis,
246-248
Social Learning Hypothesis, 248-249
top-down processing, in ape language
research, 483, 497
touch screens, in captivity studies, 623-624
tourism, field research influenced by, 569
transductive envelope, in neural systems, 57
transfer tasks, 149
transparency measures, in chimpanzee
intelligence measurement, 4748
transposition task, 622-623
travel tasks
among squirrel monkeys, 201-206, 209-211
for squirrel monkeys, 201-206, 209-211
for titi monkeys, 201-206, 209-211
travel routines, 217-218
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uakaris, spatial recognition in, 198-199, 202-205
unit weighted average (UWA) scores, for
chimpanzee intelligence, 33-34

vervet monkeys
categorization by, 135
referentiality in, 497
visual illusions, 117-123
Delboeuf, 118-120
Ebbinghaus, 118-120
geometric, 117-118
Jastrow, 118-120
line-length, 118-121
motion
from physical stimulation, 122-123
Rotating Snakes, 121-122
from static stimuli, 121-122
Miiller-Lyer, 120
Ponzo, 120
size, 118-121
Zollner, 120-121
visual information
looking-time studies, 366-370
in chimpanzees, 366-367
in field environments, 366-369
in laboratory environments, 369-370
in macaques, 368-369
social learning through, 367-368
in vervet monkeys, 366-369
social learning through, 365-366
in foraging contexts, 367-368
in looking-time studies, 367-368
visual pathways, in primate perception
primary, 115
secondary, 115
visual perspective-taking, 514-515
vocalizations, as non-human primate
communication, 411-413
affective communication through, 414-416

among chimpanzees, as vocal
communication, 425
as intentional communication, 420
voluntary intentional communication, 76
von Frisch, Karl, 63
Vygotskian Cultural Intelligence Hypothesis,
653-654

Washburn, Margaret Floy, 18
Watson, John B., 18-19
Weir, James, Jr., 14
WGTA. See Wisconsin General Test
Apparatus
white-faced saki monkeys, spatial recognition
in, 188-230
memories of food locations,
206-207
pair living in, 223-225
Whitney, W. D., 483
whole genome analysis. See also genome
wide association studies
for chimpanzee intelligence, 49
Wiesel, Torsten, 5
Wisconsin General Test Apparatus (WGTA),
101
Witmer, Lightner, 19, 484

Yale Laboratories, 21-22

yawn contagion, 509-511

Yerkes, Ada W., 21-22

Yerkes, Robert Mearns,
19-22, 484

Yerkes National Primate Center (YNPC),
32-33

Yoshioka, Joseph, 21-22

Zdllner illusion, 120-121
Zoological Society, 15
Zuberbiihler, Klaus, 618-619
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