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I ntr o d u cti o n 
T h e  i nt er n al  m a c hi n er y  of  c o g niti o n  is  dif fi c ult  t o  o b-
s er v e dir e ctl y, f a v ori n g a n i n dir e ct a p pr o a c h t o st u di es of 
c o g niti o n  b y  ass essi n g  h o w  a ni m als  us e  i nf or m ati o n. 
C o g niti o n  is  ti g htl y  li n k e d  t o  i nf or m ati o n [ 1] a n d  i n-
f or m ati o n is r e a dil y o bs er v e d a n d m a ni p ul at e d all o wi n g 
r es e ar c h ers  t o  as k;  W h at  i nf or m ati o n  d o  a ni m als  att e n d 
t o?  H o w  d o  t h e y  a c q uir e  i nf or m ati o n?  H o w  d o  t h e y 
m a ni p ul at e a n d s h ar e i nf or m ati o n? T h es e q u esti o ns ar e 

e asi est  t o  e x pl or e  i n  c a pti v e  s etti n gs  w h er e  t h e  a v ail-
a bilit y a n d  distri b uti o n of  i nf or m ati o n  (t h e  ‘i nf or m ati o n 
l a n ds c a p e’ [ 2]) c a n b e ti g htl y c o ntr oll e d. H o w e v er, as is 
cl e ar  fr o m  t h e  t h e m e  of  t his  s p e ci al  iss u e,  w e  ar e oft e n 
i nt er est e d  i n  c o n n e cti n g  c o g niti o n  t o  r e al  fit n ess  o ut-
c o m es  t h at  ar e  m ost  a p p ar e nt  i n  t h e  wil d.  St u d yi n g 
c o g niti o n i n t h e wil d all o ws f or a b ett er u n d erst a n di n g of 
w h at  i nf or m ati o n  a ni m als  att e n d  t o,  h o w  t h e y  us e  t h at 
i nf or m ati o n  t o  m a k e  i nf or m e d  d e cisi o ns,  a n d  t h e  a d a p-
ti v e v al u e of t h os e c h oi c es. 

Wil d  pri m at es  us e  a  r a n g e  of  i nf or m ati o n  s o ur c es  i n  a 
v ari et y  of  c o nt e xts  t o  i n cr e as e  t h e  ef fi ci e n c y  of  t h eir 
b e h a vi or.  F or  e x a m pl e,  n a vi g ati o n  d e cisi o ns  m a y  b e 
b as e d o n r el ati v el y si m pl e i nf or m ati o n li k e t h e p ositi o n 
of  a  s p e ci fi c  l a n d m ar k [ 3] or  m or e  s u btl e  i nf or m ati o n 
a b o ut  t h e  e x p e ct e d  f o o d  a v ail a bilit y  of  e p h e m er al  f o o d 
s o ur c es [ 4]. Si mil arl y, it is pr o b a bl y b e n e fi ci al t o a v oi d a n 
a ni m al t h at is a cti v el y pr o vi di n g i nf or m ati o n i n t h e f or m 
of a n a g gr essi v e si g n al b ut s o ci al d e cisi o ns c a n b e b as e d 
o n  m u c h  m or e  c o m pli c at e d  s o ur c es  of  i nf or m ati o n.  F or 
e x a m pl e, t h e eff e cti v e c h oi c e of alli a n c e p art n ers mi g ht 
r el y o n t h e n est e d ki n- d o mi n a n c e r el ati o ns hi ps of ot h ers  
[ 5].  I n  a d diti o n,  r e pr o d u cti v e  c h oi c es  c a n  b e n e fit  fr o m 
att e n di n g t o i nf or m ati o n w h et h er i n t h e f or m of q u alit y 
( or f ertilit y) si g n als, pr e vi o us b e h a vi ors, or p ot e nti al ris ks 
ass o ci at e d  wit h  c ert ai n  i n di vi d u als  ( e. g.  p ot e nti all y  i n-
f a nti ci d al  m al es).  Y et,  it  is  pr e cis el y  t h e  v ari et y  of  p o-
t e nti al  i nf or m ati o n  s o ur c es  i n  wil d  e n vir o n m e nts  t h at 
cr e at es  a  k e y  c h all e n g e  f or  r es e ar c h ers:  it  c a n  b e  q uit e 
dif fi c ult t o k n o w w hi c h of t h e m a n y p ot e nti al s o ur c es of 
i nf or m ati o n  a ni m als  ar e  usi n g.  Criti c all y,  t o  u n d erst a n d 
a n  a ni m al’s  i nf or m ati o n  g at h eri n g  str at e g y,  w e  n e e d  t o 
k n o w  b ot h  w h at  i nf or m ati o n  t h e y  us e,  w h at  p ot e nti al 
i nf or m ati o n  t h e y  i g n or e,  a n d  h o w  t h e y  g e n er at e  n e w 
i nf or m ati o n t o s ol v e pr o bl e ms. T h at is, w e n e e d t o h a v e 
a f ull u n d erst a n di n g of t h e i nf or m ati o n l a n ds c a p e, w hi c h 
is r ar el y str ai g htf or w ar d. 

Fi el d  st u di es  t y pi c all y  r el y  o n  o bs er v ati o n  a n d,  m or e 
r e c e ntl y,  bi ol o g gi n g  of  b e h a vi or  t o  m a k e  i nf er e n c es 
a b o ut  i nf or m ati o n  us e.  H o w e v er,  it  c a n  b e  dif fi c ult  t o 
m a k e  str o n g  c a us al  i nf er e n c es  fr o m  o bs er v ati o n al  d at a. 
C orr el ati o ns ar e us ef ul f or d et e cti n g p ot e nti al c a us ati o n, 
b ut  wit h o ut  s yst e m ati c all y  a d di n g  or  wit h h ol di n g  i n-
f or m ati o n,  it  is  dif fi c ult  t o  k n o w  e x a ctl y  w h at  i nf or m a-
ti o n  a ni m als  ar e  usi n g.  E v e n  r eli a bl e  c orr el ati o ns  mi g ht 
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be spurious. For example, the presence of a conspecific’s 
alarm call might be reliably correlated with predator 
avoidance behavior suggesting that alarm calls might be 
a source of information. Yet both alarm calls and avoid-
ance behavior are also correlated with the presence of a 
predator so it is difficult to know if the source of in-
formation is the predator or the alarm call. Experiments 
allow the researcher to present only one potential in-
formation source at a time (e.g. the conspecific alarm 
call). Field experiments also have efficiencies relative to 
the observational approach; robust conclusions can be 
based on small but controlled samples and experiments 
can be less invasive and cheaper than darting and tag-
ging animals for biologging (although remotely collected 
data are becoming more precise). 

Here, we review the use of cognitive field experiments 
in primatology using an information perspective. 
Information includes any feature of the world (e.g. the 
color of a fruit or alarm calls from a conspecific) that 
might reduce an animals’ uncertainty about the world. 
Much of the potential information available (the in-
formation landscape) will be inaccessible to (or ignored 
by) animals. However, understanding how animals 
forage for information requires understanding both the 
information they do and do not use. Experiments are 
particularly useful for this because they allow researchers 
to directly manipulate the information landscape. We 
focus on three ways that experiments change the in-
formation landscape (Table 1); presenting new in-
formation, altering the relationship between potential 
information sources, and providing an opportunity to 
interactively generate novel information. 

Our goal is not to provide an exhaustive catalog of ex-
periments but rather to illustrate the varied types and 
uses of experiments. For reviews of methods and tech-
nical aspects of field experiments (see Ref. [6]). We 
distinguish two broad types of field experiments 
(Table 1). First, ‘presentation experiments’ involve 
adding a specific source of information, most often with 
playback experiments of vocalizations. Presentation ex-
periments can be further divided into experiments that 
ask, ‘what information do animals take from X’ and those 
that ask ‘do animals attend to information about the 
relationship between X and Y’. The former can be 
achieved by manipulating the presence or absence of X 

and is useful for understanding information-gathering 
strategies, while the latter involves manipulating the 
coherence between X and Y and is useful for studying 
more sophisticated relational cognition. The second 
broad type of experiment is ‘interaction experiments’ in 
which the subject can manipulate the environment, 
usually interacting with an apparatus or stimulus (e.g. 
puzzle boxes), therefore, both obtaining and generating 
new information (useful for understanding problem 
solving and social learning abilities). Pinpointing how 
animals use cognition in the wild is a key step in un-
derstanding not only the fitness consequences of cog-
nition, but also variation in cognition across species that 
can reveal potential evolutionary changes in cognition 
related to selective pressures such as social complexity. 
In addition to reviewing these three experimental ap-
proaches, we point to areas for future advances with the 
goal of stimulating the continued development of cog-
nitive experiments in the wild. 

Type I. Presentation experiments: manipulate 
the presence of information 
One way that information is acquired is through com-
munication [7]. Primates use a wide array of vocal, visual, 
and olfactory signals to convey information about in-
ternal state, environmental factors, and motivation [8]. 
There is some debate about how information is trans-
ferred in communication with some arguing that the 
information is entirely generated by the recipient and is 
detected by their responses [9]. However, we prefer to 
see information as a general property of the external 
world (including, but not limited to, communicative 
signals) that may or may not be attended to by a re-
cipient. This view both generalizes to non-
communicative sources of information and allows us to 
study cases where animals fail to acquire information, a 
key step for understanding information foraging strate-
gies. Given the importance of information for commu-
nication, it is perhaps unsurprising that many 
presentation experiments are designed to better under-
stand the information content of, and responses to, these 
signals. Most often this involves the use of playback 
experiments, where recorded vocalizations are played 
back to a study subject to systematically examine their 
response to the various forms of information that might 
be available (e.g. identity, sex, location, condition, hor-
mone status, and context) from the call [10,11]. By 

Table 1 

Properties of three different types of experiments reviewed here.       

Experiment type  
Presentation 1: Presence Presentation 2: Coherence IInteractive  

Stimulus type Auditory, visual, olfactory Auditory, visual, olfactory Physical 
Information source Stimulus Stimulus Stimulus and subject 
Information type Presence/absence Coherence Generated via interaction 
Type of cognition Information use Relational, higher order Innovation, information transmission, decision-making 
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comparing these responses to control stimuli (or con-
trasting vocalizations), ideally in a paired design to limit 
individual variation in responsiveness, playback studies 
can assess what, if any, information the subjects extract 
from the vocalization. 

Perhaps the most widely known presentation experiments 
were playback experiments aimed at understanding what 
information vervet monkeys gleaned from hearing con-
specific alarm calls (Cercopithecus aethiops; [12]). In this 
study, acoustically distinct alarm calls were played to 
monkeys in the absence of predators, a controlled design 
that tested whether the calls themselves conveyed in-
formation about predator type. As predicted, the monkeys 
responded differently to the different calls, looking down 
upon hearing a snake alarm and running into the trees 
when a leopard alarm was played, highlighting that these 
calls conveyed information about a specific predator type 
that individuals attended to when deciding on the best 
escape route. Recent reanalysis [13] found a more com-
plicated picture, but this pioneering study demonstrated 
how presentation experiments can narrow down the in-
formation acquired from a call. This approach has since 
been used in a variety of other species to understand the 
information received from alarm calls (e.g. [14,15]), the 
integration of context and alert call [16], how subjects 
differentiate acoustically related calls [17,18], and to ex-
plore the information content of potentially deceptive 
alarm calls [19,20]. These experiments show the im-
portance of context in responding to vocalizations, possibly 
suggesting a relational understanding between two in-
formation sources (call and context). Such relational cog-
nition is explored more directly in the next section on 
coherence. In addition to playback experiments, studies of 
predator responses often involve presentations of predator 
models or other visual stimuli. A recent study compared 
responses of saki monkeys (Pithecia rylandsi) to visual and 
acoustic predator presentations and found stronger re-
sponses to the visual presentations [•21]. This difference 
may represent a cognitive bias towards visual information 
but it may also be that visual presentations provide more 
information (e.g. precise location and activity of the pre-
dator). How and why animals respond to different in-
formation sources will benefit from further 
experimentation. 

Presentation experiments can also decode the informa-
tion content and function of vocalizations used in social 
interactions. After fights between female baboons (Papio 
cynocephalus ursinus), a playback experiment tested 
whether grunts function to reconcile opponents by 
playing screams from the dominant female, depending 
on whether the dominant female had grunted after the 
fight [22]. Subjects responded more strongly to screams 
from the same individual when there was no grunt after 
the fight, supporting the hypothesis that grunts help 
alleviate anxiety about the dominant individual after a 

fight. In chimpanzees (Pan troglodytes), playbacks were 
used to simulate the arrival of individuals with differing 
relationships to the subject who was feeding. The sub-
jects preferentially responded with food calls to playback 
stimuli from close associates, indicating a flexible and 
directed use of food calling [23]. This experiment not 
only helps us understand the reason for producing the 
food calls (i.e. to alert close associates to food rather than 
to defend food from competitors) but also how chim-
panzees forage cooperatively by sharing information 
about food sources. 

Lastly, presentation experiments are particularly useful 
in highlighting the information primates attend to when 
making reproductive choices. For example, playback 
experiments in wild geladas (Theropithecus gelada) have 
investigated the function of various vocalizations that 
appear to be sexually selected. Here, interest lies in how 
variation in the same vocalizations can convey important 
information about a male’s quality as a potential mate or 
rival. In one study, female geladas were presented with 
call sequences of different males with varying levels of 
unique, derived elements [24]. Females spent more time 
in proximity to the speaker when calls contained more 
derived elements, compared to simpler calls, suggesting 
that females were particularly attracted to more complex 
call sequences. In another study, male geladas were 
presented with loud ‘display calls’ of varying acoustic 
quality previously shown to be linked to male condition  
[25,26]. Display calls are produced by male geladas with 
reproductive access to females (i.e. leaders) in the pre-
sence of threatening all-male groups (i.e. bachelors). 
Interestingly, both bachelor and leader males attended 
to acoustic differences in display calls, with bachelors 
preferentially approaching the speaker when ‘weak’ calls 
were played and leaders preferentially attending to 
strong calls. Similarly, playbacks in baboons have found 
that males respond differently to display calls based on 
rank [27], and on the duration of the hoo component of 
the call [28], paying closer attention to features asso-
ciated with high-quality and high-ranking males. These 
studies suggest that features of gelada and baboon dis-
play calls contain information about male quality, and 
that males attend to these acoustic features when 
making decisions about a would-be rival. 

Type II. Presentation experiments: manipulate 
the coherence of information 
Beyond assessing how the information in a call itself is 
used, playbacks are also used to assess what a primate 
subject knows about the world around them [6,29]. 
Specifically, the violation-of-expectation paradigm can 
explore what information, particularly what social in-
formation, primates are tracking. In these experiments, 
subjects are presented with vocalizations simulating a 
scenario consistent with the animal’s experience and 
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hypothesized knowledge in a control trial and vocaliza-
tions simulating events inconsistent with their hy-
pothesized knowledge in an experimental trial (e.g. [5]). 
These experiments take advantage of a bias first used in 
studies of human infant perception and cognition — 
individuals tend to look longer toward more interesting 
or surprising stimuli [30]. Essentially, these studies 
manipulate the coherence of the information presented 
to a subject. A stronger response to incoherent in-
formation suggests that an individual holds an expecta-
tion about the world, and that expectation was violated. 
Therefore, these experiments are useful for exploring 
relational cognition as the response depends on the re-
lationship between two separate information sources. 
Relational cognition may have particular relevance for 
social theories of cognitive evolution because complex 
societies generate extensive relational information [31]. 

How primates use and communicate social information 
has direct relevance for theories of cognitive and lan-
guage evolution [32]. Therefore, we often ask, what as-
pects of conspecifics’ identities, relationships, 
movements, and knowledge do nonhuman primates 
track? To address these questions, the coherence of so-
cial information can be manipulated in presentation 
experiments. This is possible due to evidence that vo-
calizations of social animals commonly vary by caller and 
therefore carry information about caller identity [33]. For 
example, manipulating the social coherence of informa-
tion provided by vocalizations has revealed that chacma 
baboons maintain detailed knowledge of social re-
lationships in their groups [31]. Female baboons looked 
longer in the direction of the playback speaker when 
vocal sequences simulating aggressive interactions re-
versing dominance ranks between families, compared to 
within families, were played, suggesting they maintain 
hierarchical knowledge of group members’ kinship and 
dominance ranks [5]. Such knowledge can help in-
dividuals successfully recruit allies, predict others’ be-
havior, and respond adaptively [33]. Baboons also track 
shorter term social relationships, such as sexual con-
sortships. When subordinate male baboons were played 
female copulation calls from one location and male 
grunts from another location in quick succession, they 
responded more strongly when the played back calls 
were from a female and her current consort male, com-
pared with when they were from a female and a different 
nonconsort male [34]. This experiment suggests sub-
ordinate male baboons attend to the identities, and re-
lative locations, of fertile females and their current 
consorts, which could help them take advantage of 
mating opportunities. Furthermore, chimpanzees re-
spond differently to the presentation of a snake model 
depending on whether or not they had previously heard 
the playback of an alert hoo [35]. This suggests chim-
panzees attend to the coherence between a social part-
ner’s knowledge state and the state of the outside world, 

in this case, the presence of a predator. Though these 
results should be interpreted conservatively regarding 
chimpanzee theory of mind, the clever experimental 
design demonstrates the utility of presenting multiple 
types of information to assess how animals combine that 
information to guide behavior in the wild. 

Presentation experiments can also manipulate the spatial 
coherence of information provided by vocalizations in 
order to test primates’ recognition of individuals, parti-
cularly those in neighboring groups, and their ranging 
patterns. When black howler monkeys (Alouatta pigra) 
were played a neighboring individual’s loud calls from 
the direction of a different neighboring group’s home 
range, for example, they looked longer and approached 
the speaker faster than when played a neighbor’s call 
from the correct direction [36]. This response pattern 
suggests howlers not only recognize neighbors’ vocali-
zations but also organize that identity information along 
with specific knowledge of neighboring groups’ terri-
tories. An experiment manipulating both spatial co-
herence and social coherence revealed that gelada males 
lack vocal recognition of other males outside of their core 
units [37]. Dominant gelada males responded more 
strongly when another male’s grunts were played from 
the direction of a bachelor group than when they were 
played from the direction of his own social group. This 
effect held regardless of whether the vocalizations were 
those of a stranger male, which could pose a threat to the 
male’s dominance, or those of a male in another unit 
within their larger band, which posed no threat, sug-
gesting geladas use spatial information rather than social 
knowledge to assess risk. Guinea baboons (Papio papio), 
which have a similar hierarchical social structure, also did 
not differentiate between individuals within their 
higher-level groups and strangers [38]. Differences in 
social knowledge between these two species and chacma 
baboons reveal that living in a multilevel primate society 
does not necessarily require greater cognitive com-
plexity, as it does not require tracking a greater breadth 
of social information or differentiating a greater number 
of relationships [39]. 

Another promising application of manipulating informa-
tion coherence explores primates’ expectations of com-
munication structure. Captive western lowland gorillas 
(Gorilla gorilla gorilla) look longer toward playbacks of 
vocal exchanges in which calls overlapped with one an-
other compared to vocal exchanges that included time 
between calls, suggesting they hold expectations for the 
structure of vocal exchanges [40]. Wild Campbell’s mon-
keys (Cercopithecus campbelli) also respond differently to 
vocalizations ‘suffixed’ and ‘unsuffixed’ alarm vocaliza-
tions, providing support for the idea that these vocal forms 
carry different meanings [41]. Such manipulations of 
pragmatic or semantic coherence can help us explore the 
complexity of nonhuman primate communication systems. 
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Type III. Interactive experiments: 
opportunities to generate information 
In the first two sections, we have focused on the ad-
vantages of using presentation experiments that mainly 
tell us what information primates attend to. Interactive 
experimental paradigms, such as bar-pulls (e.g. [42]) and 
artificial fruit boxes (e.g. [43]), provide a flexible fra-
mework for tackling a variety of cognitive questions re-
garding how animals gain and share information to solve 
ecological and social problems. We define interactive ex-
periments as any paradigm where an animal interacts with 
an experimental stimulus to both obtain and generate 
information from that interaction. These types of inter-
active experiments have a solid tradition in captive pri-
mate studies but are rarely incorporated into the field 
with wild primates, perhaps due to the difficulty of 
conducting controlled experimental paradigms in un-
predictable environments [44–46]. A few ground-
breaking studies aimed at understanding innovation, 
social learning, and cooperative choices have, however, 
begun to overcome these logistical challenges. 

Innovation and social learning in particular are exceed-
ingly difficult to document in wild animals. There are 
certainly notable examples of the onset and diffusion of 
material traditions that strongly suggest a propensity for 
social learning in wild primates, for example, tool use in 
chimpanzees [47] and capuchin monkeys (Cebus sp.) (e.g.  
[48]). However, field studies based solely on observa-
tions often lack the precision to capture the onset of 
novel behaviors (i.e. innovation) [49], and the experi-
mental rigor to confirm that the transmission of that 
behavior is related to learning from others [50]. Foraging 
boxes and ‘artificial fruit’ box paradigms, that is, baited 
puzzle boxes that have multiple possible solutions, 
provide researchers with the experimental control to 
understand how primates acquire information (e.g. sol-
ving a novel puzzle box) and who they acquire in-
formation from[43]. In one pioneering study, researchers 
presented a group of wild baboons (Papio anubis) with 
three different foraging tasks commonly used with cap-
tive baboons [51]. Wild baboons could only solve the 
first task successfully, pulling a string to obtain a reward, 
but were unsuccessful in the two tasks that required 
using a stick to extract food suggesting that experience 
with tool manipulation is essential for baboons to suc-
cessfully solve tool-use task. Similar methods have been 
used to study innovation and behavioral flexibility in 
wild ring-tailed lemurs (Eulemur rufifrons) [52] and more 
recently Barbary macaques (Macaca sylvanus) [•53]. 

A number of studies have found that wild vervets learn 
from others when tackling novel foraging problems but 
who they choose to learn from may differ depending on 
the social context [54–57]. In the initial paradigm, a 
dominant individual was ‘trained’ to open the box using 
one of two color-coded doors by locking one solution 

ensuring that only one opening was available to the 
model. Once one monkey mastered that technique, 
multiple boxes with both methods were made available 
to the group. When given the opportunity to interact 
with the box, group members were more likely to copy 
the solution of the initial model, but only when the 
model was a female [54]. In another study, they found 
that social transmission extends to arbitrary food pre-
ferences. Four groups of vervets were seeded with an 
initial preference for either blue or pink dyed corn by 
making one variant distasteful [58]. Naive individuals 
(with no experience with distasteful corn) quickly con-
formed to the preference of their social group and 
changed their preference to the alternate color upon 
joining a new group feeding on a different color. Further 
studies with the puzzle box combined social network 
analyses with an open-diffusion interactive paradigm (all 
individuals have equal opportunity to interact with no 
prior training) to get at the dynamic pathways of in-
formation transmission. Dominant individuals were the 
first to solve the boxes and while they were not observed 
more often by conspecifics, network analysis showed 
that higher-ranking individuals were more influential 
demonstrators than lower ranking ones [•57]. These 
studies reveal that vervet monkeys selectively attend to 
social information when faced with a novel problem, 
highlighting the importance of social context in studies 
of social learning. 

Another area that benefits from the integration of inter-
active paradigms in the wild are studies of cooperation. 
Like with social learning, choosing cooperative partners 
requires obtaining and maintaining detailed information 
about other’s motivations and actions. Indeed, being 
choosy about a cooperative partner improves the chances 
of successful cooperation and decreases the likelihood of 
exploitation [59]. While studies with socially housed pri-
mates have highlighted the importance of free-partner 
choice [60,61], it is in the wild where partner choice is 
even more flexible, where we can begin to unpack the 
information primates use to make cooperative choices. 
Observations have documented the importance of re-
lationship strength and social tolerance in primate co-
operation but interactive experiments in the wild allow 
researchers to build on this by providing a controlled 
context in which cooperative choices can be measured and 
compared to understand the underlying factors that pro-
mote or impede cooperation in a social context. One such 
interactive experiment is a modified bar-pull paradigm, 
which requires two individuals to coordinate to pull in a 
tray of food. This was recently done in a study with wild 
Barbary macaques (Macaca sylvanus) which modified the 
bar-pull to be more field friendly. In the training condi-
tions, monkeys learned to pull a rope connected to a food 
tray inside opaque boxes. In the test condition, the two 
trays were attached to each other and utilizing a ‘loose 
string paradigm’ [62], which required individuals to 
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simultaneously manipulate the rope to move the appa-
ratus, Molesti and Majolo demonstrated that wild Barbary 
macaques successfully cooperate to pull in the food reward  
[63]. When deciding to cooperate, social tolerance and 
relationship strength were critical factors, highlighting the 
importance of social information when making cooperative 
choices in this species. More studies need to incorporate 
these paradigms in wild primates to understand over-
arching patterns and species-specific differences in how 
primates make cooperative choices. Continuing com-
bining data and efforts derived from field and lab ex-
periments promises to provide a much more 
comprehensive understanding of these social cognitive 
strategies. 

Conclusions and future directions 
It is certainly an exciting time for cognitive research on 
wild primates. With the broader implementation of pre-
sentation and interaction experiments, we are starting to 
understand how wild animals navigate the information 
landscape. Playback experiments have been key to un-
derstanding what information individuals are taking from 
vocalizations, specifically removing the potential con-
founds of other cues. This approach has demonstrated that 
primate vocalizations may carry information about the 
external world, social intentions, and the quality of the 
signaler. Violation of expectation experiments can pin-
point second-order information use as they can detect an 
understanding of the relationship between two informa-
tion sources. We have learned that some nonhuman 

primates maintain in-depth, hierarchical knowledge of 
their social worlds. Importantly, we have also learned that 
the extent of social knowledge varies across primates, and 
that the type of social information tracked and maintained 
is likely to depend on the demands of living within dif-
ferent social structures. This highlights both the need to 
extend these experiments to more species but also the 
importance of linking information use to our under-
standing of social complexity as it relates to cognitive 
evolution. Complex-looking societies are only cognitively 
challenging to the extent that animals are tracking social 
information in those societies [39]. In addition, more ex-
perimental work is needed to understand variation in the 
use of nonsocial or ecological information as well as the 
ways that animals integrate social and ecological cognition. 
With interactive experiments, researchers are increasingly 
able to bridge captive and wild systems with shared ex-
perimental approaches to answer difficult questions about 
cognition (e.g. [64]). Bringing interactive experiments to 
the field comes with several potential benefits, including 
understanding how primates actually learn and make co-
operative decisions under natural conditions. Puzzle boxes 
and field-friendly bar pulls provide opportunities to pin-
point how individuals acquire novel information, who they 
attend to when presented with a novel problem, and how 
that information is transmitted within a social group. 

Despite the benefits of field experiments, there are 
several logistical challenges that must be addressed for 
these paradigms to be more widely integrated into field 

Table 2 

Table of the most common challenges to integrating experimental paradigms in the wild with possible methodological solutions, and 
examples of studies that have overcome these challenges or introduced novel approaches that may be of use in developing field-friendly 
interactive paradigms.     

Challenges Possible approaches Examples  

Limited participation Test when food availability is low (e.g. dry season), 
use portable apparatuses, habituate to permanent 
testing stations 

Feeding platform to examine foraging cognition in wild 
capuchins [70] 
Food access puzzles set up near sleeping cliffs of wild 
baboons [51] 

Monopolized by a few 
participants 

Multiple apparatuses, remote triggering, automation 
of the interaction (e.g. triggering via facial 
recognition). 

Multiple puzzle boxes in vervet monkeys to assess social 
learning [55]; 
RFID readers combined with computer testing in socially 
housed macaques [71] 

Limited sample sizes/ 
limited number of trials 

Automation of collection (e.g. remote triggering of 
apparatuses), integration of computer testing, large 
number of flexible sessions 

Use of AI face recognition in wild primates [72]; automated 
audiovisual tool use techniques in wild chimpanzees [73]; 
computerized testing system in free-ranging baboons [71] 

Lacks broader behavioral 
context 

Pair with behavior observations, biologging, social 
network analyses. 

Partner choice in a cooperative bar pull paradigm in wild 
Barbary macaques [63]; 
Social transmission of learning techniques in wild vervet 
monkeys [57] 
Innovation in wild Barbary macaques [53] 

Missing internal states Pair with physiological sampling and or manipulation Interaction between a male baboon’s testosterone levels 
and response to a playback simulating a male approach  
[67]; 
Manipulating oxytocin to assess changes in social 
behaviors and cooperation in socially-housed 
capuchins [68]   
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studies (for a full summary of challenges and solutions 
see Table 2). First, with field experiments, sample sizes 
tend to be relatively small. Recent technological ad-
vances in biologging enable a ‘brute force’ approach to 
understanding how animals use information in the wild. 
By assembling large numbers of observations, it can be 
possible to separate an information signal from in-
formation noise. For example, baboons appear to in-
tegrate information about the movements of multiple 
members of their group, resulting in ‘democratic’ 
movement decisions [65]. The big data and experi-
mental approaches are currently operating largely in 
parallel but we see strong potential for further integra-
tion. Broader behavioral context from biologging pro-
vides a rough draft of the information landscape enabling 
targeted field experiments that, in turn, can strengthen 
the causal conclusions drawn from observational data. 

Another challenge is that with ecological and social va-
lidity of wild studies comes the cost of limited experi-
mental control which is particularly challenging for 
interactive experiments. In captive studies, testing 
subjects separately ensures that all individuals are ex-
posed to the testing stimuli. In the wild, there is no 
guarantee that primates will approach the apparatus, 
interact with the apparatus, solve the apparatus, or pre-
vent others from interacting with the apparatus. This 
requires flexibility in testing schedules; there is no set 
amount of time in which an individual will be trained or 
a group will successfully complete the paradigm. 
Furthermore, experiments in the wild are often one-shot 
interactions with each interactive paradigm often being 
limited to one reward allowing for one individual to 
dominate the apparatus. Technological advances, such 
as an integration of AI facial recognition and automated 
testing, allow for greater experimental control over 
testing paradigms and reward distribution, increasing the 
number of trials per session and preventing others from 
monopolizing a reward. To date, these methodologies 
have been mostly confined to captive free-ranging pri-
mates (e.g. [66]) (see Table 2) but with some ingenuity 
could be introduced into wild populations. Lastly, we 
see enormous potential for pairing cognitive experi-
ments with physiological assessments (e.g. [67]) and 
noninvasive manipulations (e.g. [68]) to gain a better 
mechanistic understanding of responses (Table 2). This 
can be done by combining field-friendly methods of 
hormone assessment (e.g. fecal and urine collection), and 
using noninvasive methods for manipulating hormones 
in wild primates, for exampling promoting fur-rubbing in 
capuchin monkeys to increase oxytocin levels [68]. Fu-
ture studies would benefit from understanding both how 
internal states (e.g. hormone levels) and external en-
vironments influence information processing and deci-
sion-making in wild primates (e.g. [69]). 
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