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Abstract

To succeed in a dynamically changing world, animals need to predict their environments. Humans, in fact, exhibit such a
strong desire for consistency that one of the most well-established findings in social psychology is the effort people make to
maintain consistency among their beliefs, attitudes, and behavior. However, displeasure with unpredictability leads to a
potential paradox, because a positive outcome that exceeds one’s expectations often leads to increased subjective value
and positive affect, not the opposite. We tested the hypothesis that two evolutionarily-conserved evaluation processes
underlie goal-directed behavior: (1) consistency, concerned with prediction errors, and (2) valuation, concerned with
outcome utility. Rhesus monkeys (Macaca mulatta) viewed a food item and then were offered an identical, better, or worse
food, which they could accept or reject. The monkeys ultimately accepted all offers, attesting to the influence of the
valuation process. However, they were slower to accept the unexpected offers, and they exhibited aversive reactions,
especially to the better-than-expected offers, repeatedly turning their heads and looking away before accepting the food
item. Our findings (a) provide evidence for two separable evaluation processes in primates, consistency and value
assessment, (b) reveal a direct relationship between consistency assessment and emotional processes, and (c) show that our
wariness with events that are much better than expected is shared with other social primates.
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Introduction

To succeed in a challenging and uncertain world, animals need

to anticipate change and estimate the likelihood of possible events,

both to avoid harm (e.g., a stealthy predator) and to obtain

necessary resources that will provide more energy than is

expended acquiring them (e.g., catching prey or traveling to

distant, ephemeral resources). That is, animals need to make

predictions about their environments to determine the appropriate

course of action to reach their goals. In fact, there is substantial

evidence for the primacy of prediction in human and nonhuman

animals, showing, for example, (1) negative emotional reactions to

unpredictable events, such as unpredictable shock, with the

unpredictability and subsequent uncontrollability being a source

of neurosis and depression [1,2,3,4,5,6,7]; (2) neuronal activation

in response to novel, unpredictable and surprising events in the

amygdala, agranular insula and anterior cingulate cortex inde-

pendent of positive or negative valence [4,8,9,10]; and (3) that

learning is a function of prediction error and surprise

[11,12,13,14,15,16,17,18,19,20].

Moreover, the desire to predict accurately appears to be the

underlying reason people strive for consistency, either between

their beliefs and reality or among their own beliefs, attitudes, and

behavior (given that internal inconsistencies suggest inaccuracy).

This desire for consistency is one of the most well-established

findings in cognitive and social psychology, accounting for

multiple phenomena including cognitive dissonance (i.e., one’s

reaction to inconsistencies among one’s beliefs, attitudes, and

behavior), confirmation biases (i.e., the tendency to overweight

evidence that supports one’s current attitudes and beliefs), and the

preference for familiarity [21,22,23,24,25,26,27]. Strong evidence

for consistency theory was provided by Carlsmith and Aronson

[23] who found that after training human participants to expect a

bitter or sweet fluid based on a prior cue, then giving them the

opposite fluid, the bitter fluid tasted more bitter when expecting

the sweet fluid than when expecting the bitter one, and,

importantly, the sweet fluid tasted less sweet when expecting the

bitter one than when expecting the sweet fluid.

Some evidence for the desire for consistency has also been found

in a nonhuman primate, the tufted capuchin monkey (Cebus apella).

In a standard cognitive dissonance test, three equally preferred

items are used, where A = B = C, and subjects are forced to choose

between A and B. If A is chosen, for example, cognitive dissonance

ensues because the actual preference (A = B) does not match

choice (A.B). To resolve this dissonance, the subjective value of B

is reduced to bring preferences in line with actual choice behavior.

In the capuchin study, differently-colored M&M’sH were used

[28]. When forced to choose between two equally-preferred colors,

the capuchins later appeared to lower the value of the unchosen

color by subsequently preferring the third colored M&M over the

previously unchosen one. Thus, the capuchins appeared to

eliminate the inconsistency between their initial preferences and

their choice by devaluing the originally unchosen item. In this

general cognitive dissonance test, if all three items were initially of

equal value, the test demonstrates that preferences can be directly
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affected by actual choices. However, in practice, there is a

potential problem. If there happened to be subtle differences in

preference among the three items, choice could be based simply

on subjective value maximization and not the elimination of

cognitive dissonance [29,30].

To address this issue, a subsequent study with capuchins was

conducted, this time using differently-colored SkittlesH candies

[31]. In Condition 1, the ‘choice’ condition, each subject appeared

to be given a choice between two options when in actuality the

choice was fixed by the experimenter, a perceived ‘choice’

condition. That is, the experimenters hid two items, A1 and B1,

in front of a monkey and the subject was allowed to search for

either. Unbeknownst to the subject, however, only one, say A1,

was available to be found and thus ‘chosen’. In this way, the

experimenters could control for the actual choice and thus remove

the possibility the capuchins would always choose a color they

actually preferred. The monkeys were then given a preference test

between the ‘unchosen’ item, B1,and a novel one, C1. In

Condition 2, the ‘no choice’ condition, they were first shown

two items, A2 and B2, but were only offered A2. Note that the

acceptance of A2 in this case did not imply A2. B2 based on

choice because A2 was not chosen over B2. They were then given

the choice between B2 and C2. Finally, the percentage C1 was

chosen over B1, i.e., C1%, was compared to the percentage C2 was

chosen over B2 i.e., C2%. The extent to which C1%.C2% should

indicate the influence of cognitive dissonance, which was 60% to

49% in the study. Thus, this finding again suggests that the

capuchin monkeys may have eliminated the inconsistency between

their initial lack of preference and choice behavior by devaluing

the unchosen food item and thus preferring the novel item to bring

their preferences in line with their choices. Hence, there is some

evidence for consistency assessment in nonhuman animals with

respect to preference and choice behavior. However, it remains

unclear whether consistency is sought in other domains, most

notably, in predictions versus actual events.

Of course, animal learning as well as human judgment and

decision-making research have also established the importance of

prediction, showing that the valuation of an outcome (i.e., the

assessment of its subjective value or utility) depends on what was

expected. Consequently, for example, a positive outcome is

subjectively less positive if something better was expected: e.g.

receiving $10 when $100 was expected [32,33,34,35]. Outcome

valuation, then, produces an overall subjective value that is based

on both the objective value received and the subjective sense of

whether the outcome was a gain or loss compared to what was

expected [36,37]. Even so, the valuation process assesses outcomes

on a continuous scale, meaning that in general higher value is

better; and thus, it is useful to conceptualize the goal of the

valuation process as the maximization of subjective value (or

utility).

There is, then, an apparent contradiction between the desire for

consistency, on the one hand, and the desire to maximize

subjective value, on the other. To see this, consider, for example,

encountering a better-than-expected outcome, such as someone

unexpectedly offering to pay your restaurant dinner check. Based

on consistency theory, your reaction should be negative, given that

the outcome was not anticipated. In contrast, based on maximi-

zation of subjective value, your reaction should be positive, given

that you unexpectedly saved money.

The contradiction is reconciled if we posit that both evaluation

systems underlie goal-directed behavior: a consistency assessment

reflected in an immediate affective response based on how well a

given event or outcome was predicted [21,22,23,24,25,26,27], and

a value assessment in the subsequent affective response and action

of approaching (accepting) or avoiding (rejecting) an outcome

(offer) [13,15,32,33,34,35,38,39,40]. To date, however, evidence

for two separable processes and how they may interact remains

unclear. In humans, Shepperd and McNulty [41] tested whether,

after hearing unexpectedly good or bad news about an exam grade

or medical test, responses were best described by consistency or

valuation (e.g., utility maximization) theories, and concluded that

their evidence supported the latter. They did not, however, test

whether both processes might be working in concert, with the

consistency process responding first, revealing an initial negative

reaction to an unexpected outcome (whether positive or negative),

followed by the valuation process, producing a subsequent positive

response. Moreover, they used contexts in which valuation may

dominate a consistency assessment response, given that exam

grades and medical tests scale such that better results are much

clearly better than poorer ones [42].

In nonhuman animals, Tinklepaugh [43] found that macaque

monkeys reacted negatively when they received a lesser-valued

food item (e.g. piece of lettuce) when a higher one was expected

(e.g. piece of banana); however, he did not observe a clear

response in the reverse condition, in which the higher-valued item

was found when the lesser-valued one was expected, stating that

this latter condition needs to be further studied, and thus leaving a

distinction between consistency and valuation preferences incon-

clusive.

In the current study, we tested the hypothesis that two

evolutionarily-conserved evaluation processes underlie goal-direct-

ed behavior: one based on consistency and the other on valuation.

We reasoned that if these two processes were separable, the same

event, such as a better-than-expected offer, would lead to two

opposing reactions: an initial negative, aversive reaction reflecting

the prediction error detected by the consistency process, and a

subsequent positive reaction reflecting the positive outcome

expected by the valuation process, leading to the acceptance of

the better-than-expected offer. We tested two rhesus macaques

(Macaca mulatta) in two experiments that both included expected

offers. In addition, the first experiment included a worse-than-

expected offer and the second included a better-than-expected

one. In all cases, the monkeys accepted the offers. However, both

monkeys exhibited initial negative reactions to the unexpected

offers, and to our surprise, both monkeys exhibited the strongest

negative reaction to the better-than-expected offer.

Methods

Ethics Statement
Animal care and use complied with all current laws, regulations,

policies, and guidelines of the United States, the United States

Department of Agriculture (USDA), the Public Health Service

(PHS), and all procedures were approved by the Institutional

Animal Care and Use Committee (IACUC) of Dartmouth

College.

Subjects
Two naı̈ve, seven-year old rhesus macaques (Macaca mulatta),

Hamlet and Puck, were available for the study. They were housed

in 32627668 (width 6 depth 6 height) inch cages (Allentown

Inc., Allentown, NJ) in a homeroom with automatically regulated

temperature, ventilation, humidity, and lighting (14:10 hour

light:dark cycle, with lights on at 0600 hours). The monkeys were

intermittently housed in pairs and individually: at times when they

engaged in fighting, which is normal periodic behavior in young

rhesus macaque males of similar size and temperament [44], the
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two monkeys were separated and individually-housed for their

safety.

The Center for Comparative Medicine and Research (CCMR)

at Dartmouth maintains a full-time animal care and veterinary

staff that monitors the monkeys’ daily health and well-being. The

monkeys were maintained at approximately 95% of their ad libitum

weights to ensure sufficient motivation and good health, and their

diet consisted of primate chow (no. 5038, PMI Feeds Inc., St

Louis, Missouri, U.S.A.), supplemented with fresh fruit and

vegetables, as well as various treats that included peanuts, cereal,

and dried fruits (e.g., raisins, banana).

To allow for continued social stimulation, the subjects had

direct visual contact with the other monkeys in the colony, the

animal care staff, and experimenters. When pair-housed, they had

direct physical contact with each other, and also when individ-

ually-housed, through a mesh grading divider between their cages.

In addition, environmental enrichment included two or more

enrichment items in their home cages at all times, daily playing of

radio or videos in the room (the latter via a monitor mounted in

view of all individuals), and regular access to a larger enrichment

cage (68638672 inch) in an adjacent room.

We subsequently conducted an affective decision-making study

with these monkeys as well as with free-ranging rhesus monkeys at

the Caribbean Primate Research Center on Cayo Santiago in

Puerto Rico [45]. We obtained the same general findings in the

laboratory and field, suggesting that the laboratory conditions are

not significantly biasing experimental results, and that the subjects

in the current study are representative of rhesus monkeys in

general [46].

Materials and Food Items
To obtain precise response times, the study used a button panel

with two convex Plexiglas-covered buttons (approximately 16 cm

apart measured from the centers). Both buttons had lights

mounted inside of them, the left was red, the right blue. The

buttons were clear colored when not lit, red and blue, respectively,

when lit. For the preference test (described below), the buttons

were positioned just to the left and right of center. For the

remainder of the study, only the red button was used, and the

button panel was positioned with the red button in front of the

monkey. Two food items were used: a 45-mg cereal pellet (Bio-

Serv, Frenchtown, NJ, USA) and a miniature marshmallow.

General Procedure
The monkeys were brought to the testing room in the

laboratory individually in custom-made chairs. The chairs were

designed for maximal comfort and safety, in which the monkey’s

collar slid into a slot that placed the monkey in their preferred

natural sitting position, on a perch off the floor. The chair loosely

restrained the left arm of the monkey while allowing free

movement of the right arm. The monkeys were progressively

acclimated to the chairs by (a) initially having them sit near a chair

and eat treats (e.g., raisins, peanuts, fresh fruit and vegetables)

placed on it; and then (b) feeding the monkeys treats when they

were first seated in the chair. After acclimation, the monkeys

readily entered the chair; and once seated, they exhibited no signs

of stress and displayed natural behaviors such as facial expressions

and vocalizations, e.g., food grunts. For the current study, the

chairs were used to maintain precise experimental control over

food item presentation and obtain precise response time measure-

ments, with the monkey’s right hand starting at the same position

and the presented food item and button at a fixed position relative

to the monkey on every trial. Similar chairs are routinely used in

monkey neuroeconomic studies that have successfully replicated

multiple behavioral phenomena studied with other paradigms,

both in the laboratory and field [47,48].

Each monkey was tested separately, and sat across a standard

black laboratory table from the experimenter, with the button

panel placed in front of the monkey. To minimize the possible

cuing of the subjects by the experimenter, we enacted a number of

procedures, including (a) the experimenter wearing a white lab

coat, goggles, medical mask and gloves to mask visual cues; (b)

playing white noise to mask auditory cues; (c) the experimenter

following a well-practiced, timed, and stereotyped movement to

present the food items; and (d) using an automated system to

record response times. We also note that it would be unlikely that

the complex reactions exhibited by the monkeys would be due to

experimenter cuing. Finally, for all training and testing procedures

(described below), the intertrial interval was approximately ten

seconds.

Preference Test Training
Prior to the preference test, both subjects were trained with the

button panel. The experimenter turned the light on one of the

buttons (pseudo-randomly determined), placed a pellet in her

hand, closed her hand, placed it behind one of the buttons (from

the monkey’s perspective), and then opened it. The monkey was

required to press the button in front of the pellet to receive it.

Once the pellet was taken, the experimenter turned off the button

light and the intertrial interval began. This procedure was

repeated until the monkeys learned to press the button upon

receiving the offered pellet, i.e., when the experimenter opened her

hand revealing the pellet. Although these training sessions were

not recorded, both monkeys required approximately 10 sessions to

learn the task, with up to 50 trials per session.

Preference Test
For the 50-trial preference test, on every trial, the experimenter

turned on both button lights, placed one food item in each hand

(left/right position of the items pseudo-randomly determined),

closed her hands, placed them behind each button (from the

monkey’s perspective), and then opened them. The monkey chose

the preferred food item by pressing the corresponding button in

front of it. The monkey was given the chosen food item; the

experimenter then turned off both button lights and the intertrial

interval began.

General Task Description
The general task for the monkeys was to observe a single food

item for three seconds, which would potentially establish an

expectation [37], observe the food item then being removed,

observe the red light inside the button turning on to signal that the

next presented food item would be an offer, and then once the

second item was presented, press the button if the offer is accepted

(or refrain from pressing it if the offer is rejected). We denote this

trial sequence as ‘displayed food item’ followed by ‘offered food

item’: i.e., ‘displayed food itemRoffered food item’.

General Task Training Procedure
Prior to the experimental manipulations, the monkeys were

trained on the task paradigm using pellets only; and thus, with a

trial sequence ‘pelletRpellet’. The experimenter presented the first

pellet by placing her closed left hand just behind the button and

opening it in one quick motion. The pellet was presented for the

monkey to observe for three seconds to potentially establish the

expectation and then the hand was closed and pulled back. She

then turned on the red light in the button to cue the monkey of an

Monkeys React Negatively to Unexpected Offers
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impending offer, and presented the second pellet identically as the

first. The second pellet was given to the monkey upon pressing the

button. This procedure was repeated until the monkeys learned to

respond only after the red light was lit and the second pellet was

presented as the offer. Although these training sessions were not

recorded, both monkeys required approximately 10–15 sessions to

learn the task, with approximately 50 trials per session.

General Task Testing Procedure
After training was complete, the monkeys received five 50-trial

familiarization sessions, conducted on separate days, to acclimate

them further to the test paradigm, as well as to provide

standardized, baseline experience prior to conducting the two

experiments. For the first 25 trials, we again displayed a single

pellet for three seconds to establish an expectation, removed it,

and then offered an identical pellet (i.e., ‘pelletRpellet’). A monkey

accepted the second pellet by pressing the button, and we recorded

his reactions electronically via response times and video. If the

monkey did not press the button within 30 seconds, the response

was considered a rejection of the offered food item. Thus, it is

important to note that the monkeys could reject the offer by simply

not responding. For the second 25 trials, the experimenter first

displayed a marshmallow for three seconds, turned on the red light

to signify the impending offer, and then offered a marshmallow:

‘marshmallowRmarshmallow’. These trial types were tested in

two blocks of 25 trials with ‘pelletRpellet’ first to minimize the

potential influence of marshmallows on the motivation to receive

pellets (see Table 1 for the trial block structure).

An inherent difficulty in studying expectancy is that subjects

quickly adjust to the violations with experience: that is, the

unexpected becomes expected. Therefore, to minimize this effect

while also obtaining enough trials for analysis, after the five

familiarization sessions, we tested the two critical manipulations

(worse-than-expected and better-than-expected offers) in two

experiments, each conducted in single sessions on separate days.

Experiment 1 consisted of one 75-trial session. As shown in

Table 1, the session consisted of the following: (a) one block of 25

‘pelletRpellet’ trials, followed by (b) a block of 50 trials, in which

25 ‘marshmallowRmarshmallow’ trials were randomly inter-

leaved with 25 ‘marshmallowRpellet’ trials, i.e., the unexpectedly

worse offer, in which a pellet was offered after first seeing the

marshmallow. Experiment 2 consisted of one 100-trial session.

Also listed in Table 1, the session consisted of the following: (a) one

block of 25 ‘pelletRpellet’ trials, followed by (b) a block of 50

trials, with 25 ‘pelletRpellet’ trials randomly interleaved with 25

‘pelletRmarshmallow’ trials, i.e., the unexpectedly better offer, in

which a marshmallow was offered after first seeing the pellet, and

(c) a final block of 25 ‘marshmallowRmarshmallow’ trials. To

minimize the potential influence of marshmallows on motivation

to receive pellets, we conducted the 25 ‘pelletRpellet’ trials first in

all sessions, and the 25 ‘marshmallowRmarshmallow’ trials last in

Experiment 2. Thus, the first block of 25 ‘pelletRpellet’ trials in

Experiment 2 were used in the analysis.

With respect to data analysis, it has been argued that the best

procedure to manage dependent variable outliers, such as response

times, in distributions that will be compared is trimming, which

treats all conditions consistently by removing the same number of

highest and lowest values from all response time samples; we

adopted the procedure here and removed the highest five and

lowest five response times for every offer type [49,50,51]. We then

used two-tailed student’s t-tests for comparisons between offer

types. Note that after using the trimming method, the degrees of

freedom for the offer type comparisons were 15+15–2 = 28. Means

are reported with the standard error of the mean (SEM).

Results

To verify preference for the marshmallow over the pellet, we

first conducted the 50-trial preference test, and both monkeys

chose the marshmallow over the pellet every trial (two-tail

binomial test, n = 50, p,0.0001). Then, after training on the

general task, and then five familiarization sessions in which the

monkeys received a total of 125 ‘pelletRpellet’ and 125

‘marshmallowRmarshmallow’ trials (i.e., viewing a pellet followed

by a pellet offer, and viewing a marshmallow followed by a

marshmallow offer), both experiments were conducted in back-to-

back sessions on separate days. For Experiment 1, the monkeys

received three offer types: ‘pelletRpellet’, ‘marshmallowRmarsh-

mallow’, and an unexpectedly worse offer: ‘marshmallowRpellet’

(i.e., viewing a marshmallow followed by a pellet offer) (see

Table 1). As seen in the left panel of Figure 1, as expected, both

monkeys were slower to accept the unexpectedly worse offer

compared to the expected ones (see Table 2 for statistical results).

On average, both monkeys responded over twice as long to the

unexpected offer compared to the expected ones. In addition,

reflecting the monkeys’ preference for the marshmallow, the

response times were faster for the ‘marshmallowRmarshmallow’

trials than for the ‘pelletRpellet’ ones (Figure 1, Table 2).

In Experiment 2, the monkeys again received three offer types:

‘pelletRpellet’, ‘marshmallowRmarshmallow’, and an unexpect-

edly better offer: ‘pelletRmarshmallow’ (i.e., viewing a pellet

followed by a marshmallow offer) (Table 1). As seen in the right

panel of Figure 1, rather than responding faster to the

unexpectedly better offer, both monkeys were slower to accept it

(see Table 2 for statistical results). On average, Hamlet responded

over eight times slower compared to the expected offers, and Puck

responded approximately five times slower. Again, reflecting

preference for the marshmallow, both monkeys’ response times

were faster for the ‘marshmallowRmarshmallow’ trials than for

the ‘pelletRpellet’ ones, although the difference was significant for

Hamlet only (Figure 1, Table 2).

Comparing the responses to the two unexpected offer types,

‘marshmallowRpellet’ and ‘pelletRmarshmallow’ from Experi-

ments 1 and 2, respectively, the delay to accept the better-than-

expected offer was significantly longer than for the worse-than-

expected one, being over three and a half times longer for Hamlet

and almost twice as long for Puck (see Figure 1 and Table 2). If the

longer delay to accept the better-than-expected offer reflected

surprise, excitation, or the need to process the large, positive

reward change, we would expect the monkeys to look longer at the

unexpected food item, as shown with looking-time paradigms,

which are predicated on the fact that humans, including infants

and children, as well as nonhuman animals tend to look longer at

unexpected, surprising events [52,53,54,55]. In contrast, our

monkeys did not look longer at the better-than-expected offers. In

fact, they did the opposite, conspicuously averting their eyes and

turning away from the unexpectedly better food item (the

marshmallow). To obtain the clearest and most conservative

measure of this response, we video coded simultaneous head and

eye aversions: that is, both (a) the head was turned, and (b) the

monkey was not looking at the food item. Two people scored the

videos on all conducted trials, one experimentally blind, with a

lowest correlation between them of Pearson’s r(148) = 0.99,

p,0.0001. Then, we used the trials in the response-time analyses

(i.e., after trimming, described in Methods) to obtain the

percentage of time on every trial that the monkeys were averting

their head and eyes before responding to the offer. We took the

total aversion time on the trial (i.e., amount of time simultaneously

turned and looking away) and divided it by the total response time

Monkeys React Negatively to Unexpected Offers

PLOS ONE | www.plosone.org 4 October 2013 | Volume 8 | Issue 10 | e75768



for the trial (between offer and button press) and multiplied by

100. Finally, to obtain the overall percentage for each condition,

we took the average percentage of all trials used in the analyses.

First, there were no aversions in either experiment for any of the

expected offers: i.e., ‘pelletRpellet’ or ‘marshmallowRmarshmal-

low’. Second, both monkeys exhibited aversions to both

unexpected offer types: for ‘marshmallowRpellet’ in Experiment

1, Hamlet 965% and Puck 363% of the time; for ‘pelletR
marshmallow’ in Experiment 2, Hamlet 8162% and Puck

2368% of the time. For Experiment 1, Hamlet’s aversion rate

to the unexpected offer (‘marshmallowRpellet’) was significantly

higher compared to the expected ones (t(28) = 2.08, p,0.05);

however, Puck’s was not. For Experiment 2, both monkeys’

aversion rates to the unexpected offer (‘pelletRmarshmallow’)

were significantly higher compared to the expected ones (Hamlet:

t(28) = 41.49, p,0.0001; Puck: t(28) = 2.97, p,0.01). Third, both

monkeys exhibited higher aversion rates to the better-than-

expected food item compared to the worse-than-expected one

(Hamlet: t(28) = 14.56, p,0.0001; Puck: t(28) = 2.46, p,0.05), with

Hamlet’s rate being nine times higher with the better-than-

expected food item and Puck’s over seven and a half times higher.

Finally, by definition, the unexpected events should become less

surprising with increased exposure, and we found some evidence

for this within the session. In Experiment 1, both monkeys’

response times to accept the unexpected offer (‘marshmallowR
pellet’) decreased across the session (Linear regression, Hamlet:

R(14) = 0.88, p,0.0001; Puck: R(14) = 0.68, p,0.01). In addition,

in Experiment 2, Hamlet’s response times to accept the

unexpected offer (‘pelletRmarshmallow’) decreased across the

session (Linear regression, R(14) = 0.70, p,0.01). The only other

offer type showing a change across trials was a decrease in

response times for Hamlet in the Experiment 1 ‘pelletRpellet’

trials (Linear regression, R(14) = 0.58, p,0.05). The only change

across trials in the video coded aversion rates occurred for Hamlet

Table 1. Block sequence for the Familiarization condition (five consecutive sessions) and Experiments 1 and 2 (one session each),
and within the condition and experiments, the trial block offer types and number of trials.

Block Familiarization Condition
Number
of Trials Experiment 1

Number
of Trials Experiment 2

Number
of Trials

1 Pellet R Pellet 25 Pellet R Pellet 25 Pellet R Pellet 25

2 Marshmallow R Marshmallow 25 Marshmallow R Marshmallow 25 Pellet R Pellet 25

interleaved with interleaved with

Marshmallow R Pellet 25 Pellet R Marshmallow 25

3 Marshmallow R Marshmallow 25

A daily session for each monkey consisted of either the two blocks of the Familiarization Condition, the two blocks of Experiment 1, or the three blocks of Experiment 2.
doi:10.1371/journal.pone.0075768.t001

Figure 1. The average response time (ms) from the presentation to the acceptance of the offered food item for each offer type for
both monkeys. Results shown for two-tailed student’s t test, ‘*’ = p,0.05, ‘**’ = p,0.01, ‘***’ = p,0.001, ‘****’ = p,0.0001.
doi:10.1371/journal.pone.0075768.g001
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in the Experiment 1 unexpected offer (‘marshmallowRpellet’)

(Linear regression, R(14) = 0.73, p,0.01). Thus, the simultaneous

head and eye aversions of both monkeys for the better-than-

expected offer (‘pelletRmarshmallow’) in Experiment 2 were

generally sustained across the session.

Discussion

In Experiment 1, as expected, both monkeys were slower to

accept the unexpectedly worse offer (‘marshmallowRpellet’)

compared to the expected ones. This finding is consistent with

evidence that outcome evaluation by humans and nonhuman

animals is affected by how the problem scenario is framed

[34,36,37,56]. Thus, the first presented food item, such as the

marshmallow, appeared to become a reference to the monkeys,

which then was used to evaluate the subsequently offered item,

such as the pellet. However, from the results of Experiment 1, it

remains unclear whether the increased response time reflected a

single evaluation process underlying goal-directed behavior or

whether there was more than one, in particular, consistency and

value assessment. Put differently, it is at this point unclear whether

the increased response time was due to the devaluation of the

second food item or surprise and potential cognitive dissonance.

In Experiment 29s key offer type, we first displayed a pellet to

the monkeys but then offered a marshmallow. Given that in

Experiment 1 they were faster to accept a marshmallow when

offered one in the ‘marshmallowRmarshmallow’ trials compared

to the other offer types, one might have expected a similar result or

even a faster response to the better-than-expected offer. Assuming

that response time reflects expected value (and there is no floor

effect with the monkeys already reaching as quickly as they can in

the ‘marshmallowRmarshmallow’ trials), a faster response time

would be predicted by standard valuation theories (e.g., utility

maximization); and in any case, standard valuation theories would

not predict a slower response time. Additional factors that could

have led to a faster response to the better-than-expected offer

include heightened arousal and an increased influence of lower-

level prepotent mechanisms causing an immediate reach to the

desired food item [57,58,59,60,61,62,63,64]. However, the oppo-

site occurred in that both monkeys were much slower to accept the

marshmallow after first seeing a pellet as compared to the expected

offers (i.e., compared to ‘pelletRpellet’ and ‘marshmallowR
marshmallow’).

Not only did both monkeys respond more slowly to both the

better- and worse-than-expected offers than to the expected ones,

they responded even more slowly to the better-than-expected offer

than to the worse-than-expected one. One possible reason for the

longer response times for the ‘pelletRmarshmallow’ offer type

(Experiment 2) versus the ‘marshmallowRpellet’ one (Experiment

1) could be context effects, regarding how their experience might

have affected expectations differently for the two unexpected offer

types. One potential context effect is whether the monkeys were

faster to accept the pellet offer in the ‘marshmallowRpellet’ trials

compared to the marshmallow offer in the ‘pelletRmarshmallow’

trials because they had more experience responding to the pellet

(especially in initial training and the first blocks of Experiments 1

and 2). However, even with this extra experience, both monkeys

were generally faster to respond to the marshmallow in the

‘marshmallowRmarshmallow’ trials; therefore, experience with

accepting particular offers did not appear to influence their

behavior substantially.

A second potential context effect regards the food item

displayed prior to the offered item. More experience with ‘pelletR
pellet’ trials could have led to the displayed pellet becoming a

stronger predictor of the subsequent pellet offer (i.e., a stronger

discriminative stimulus) compared to the strength of the marsh-

mallow predicting an offered marshmallow. If so, a pellet followed

by a marshmallow could have been more surprising, leading to a

longer response time. At the same time, we note that it was also

possible that prior experience could have had the opposite effect

on ‘pelletRmarshmallow’ trials, with the monkeys learning prior

to Experiment 2 that different combinations of presented and

offered items were possible and thus less surprising (having

experienced ‘pelletR pellet’, ‘marshmallowRmarshmallow’ and

‘marshmallowRpellet’). Nonetheless, context effects could have

contributed to longer response times with the ‘pelletRmarshmal-

low’ offer type; and it will be important in the future to

characterize how experience and other contexts effects contribute

to such expectation development. As we discuss below, it is also

Table 2. Results obtained for all offer types in Experiments 1 and 2, including response times (mean 6 SEM), and student’s t test
and p values for each offer type comparison.

Experiment 1 Experiment 2

Comparison Hamlet Puck Hamlet Puck

Response
Times (ms)

t(28)
value p,

Response
Times (ms)

t(28)
value p,

Response
Times (ms)

t(28)
value p,

Response
Times (ms)

t(28)
value p,

Marshmallow R Pellet 10166110 4.64 10776121 4.8

Pellet R Pellet 501617 0.0001 486624 0.0001

Marshmallow R Pellet 10166110 5.29 10776121 5.89

Marshmallow R Marshmallow 43369 0.0001 36467 0.0001

Marshmallow R Marshmallow 43369 3.55 36467 4.89 38667 3.08 39468 1.29

Pellet R Pellet 501617 0.01 486624 0.0001 426610 0.01 412612 ns

Pellet R Marshmallow 36116296 10.75 20496395 4.14

Pellet R Pellet 426610 0.0001 412612 0.001

Pellet R Marshmallow 36116296 10.89 20496395 4.19

Marshmallow R Marshmallow 38667 0.0001 39468 0.001

doi:10.1371/journal.pone.0075768.t002
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possible that monkeys generally have less experience with better-

than-expected outcomes compared to worse-than-expected ones.

However, the main objective of the current study was to

determine if any context effects could be demonstrated in rhesus

monkeys by setting up potential expectations in both worse-than-

expected and better-than-expected directions. The results show

that this objective was achieved. In both experiments, the response

times of the unexpected offers for both monkeys were significantly

different from the expected ones. Although the longer response

time to the worse-than-expected offer of a pellet following a

marshmallow was anticipated, the underlying reasons for the

longer response time to the better-than-expected offer of a

marshmallow following a pellet are less clear.

If the longer delay to accept the better-than-expected offer

reflected surprise, excitation, or the need to process the large,

positive reward change, the monkeys should have looked longer at

the unexpected food item, as shown with numerous studies that

used the ‘looking-time’ paradigm, in which subjects look longer at

unexpected, surprising events [52,53,54,55]. Not only was the

marshmallow following the displayed pellet potentially surprising,

it might also have produced a positively-valenced affective

reaction, which should have focused attention further on the

unexpected ‘jackpot’ or ‘prize’. In contrast, our monkeys

conspicuously averted their eyes and turned away from the

unexpectedly better food item (the marshmallow).

What could have caused the increase in the aversion rate (i.e.,

percentage of time simultaneously turning their heads and looking

away from the marshmallow)? Three possible reasons for turning

away from the better-than-expected food item are (1) disinterest,

(2) the loss of experimental control of their behavior in a novel

situation, or (3) active avoidance of the food item. The first,

disinterest, is unlikely given (a) that the monkeys were maintained

at 95% ad libitum weight to assure sufficient motivation; (b) the

generally faster response times with the more highly-preferred food

item throughout the experiment (i.e., the ‘marshmallowRmarsh-

mallow’ trials); and (c) that neither monkey looked away from the

offered food items on the ‘expected’ trials. Thus, the monkeys

exhibited interest in the food items and were not simply

responding independent of them, for example, based on habit

[40,65]. The second possibility, the loss of experimental control,

could occur if the posed problem was sufficiently novel from what

they had learned. The novel offer of the marshmallow following

the pellet might have left them simply confused, which might have

resulted in looking around, being uncertain of what to do. We find

this possibility unlikely given that they had extensive training with

the task structure, with the red light and second food item

signifying an offer. Although it is possible that they could not

generalize from the ‘pelletR pellet’, ‘marshmallowRmarshmal-

low’, and ‘marshmallowRpellet’ trials, it seems less likely given

that they readily generalized from the ‘pelletR pellet’ training to

the ‘marshmallowRmarshmallow’ trials (first familiarization

session response times on the ‘marshmallowRmarshmallow’ trials:

Hamlet, 624640 ms; Puck, 38365 ms, which were both over five

times faster than for the better-than-expected ‘pelletRmarshmal-

low’ trials). In addition, if the monkeys did not know what to do,

they should not have eventually accepted the offers by pressing the

button within a few seconds and should not have subsequently

reached toward the experimenter’s hand to obtain the marshmal-

low, which they both did, appearing to reflect an understanding of

the general task structure. Finally, even with a loss of experimental

control of their behavior, it seems unlikely that they would look

away from the marshmallow, experimenter, and experimental

apparatus, given that, in general, there were blank walls to their

left and right (and behind them).

We are therefore left with the possibility that the monkeys were

actively avoiding the unexpected food items, and in particular, the

marshmallow. First, head and eye aversions are a telltale aversive

response in rhesus monkeys [44,66,67]. Second, the behavior we

observed is comparable to that found in affective neuroscience

with ‘fear’ tests, in which, for example, monkeys must reach across

a transparent box to obtain a desired food item at the back of the

top of the box. Inside the transparent box is a fake spider or snake

that the monkeys must reach over. Indicators of the emotional fear

response to the spider or snake are eye aversions and head turning,

which we adopted here [66,67]. Thus, it appears that both

monkeys in our study exhibited a negative reaction to the

unexpected food items, and in particular, to the better-than-

expected marshmallow. This finding was especially strong with

Hamlet when confronted with the better-than-expected marsh-

mallow, in which he turned away from it for long periods of time

(over 80% of the time prior to accepting it). Although there is

evidence in nonhuman animals for positive and negative contrast

effects [68,69,70,71,72], frustration or disappointment

[43,73,74,75,76], and surprise [8,11,16,18,19,76], to our knowl-

edge, this is the first report of nonhuman animals displaying overt

negative affect in response to a better-than-expected event.

Although both monkeys reacted negatively to the unexpected

outcomes, they, nonetheless, eventually accepted the offers by

pressing the button, rather than rejecting them by not pressing the

button. One possible explanation for their eventual acceptance of

the unexpected offers is if the monkeys pressed the button

independent of the offer, for example, as a means to proceed to the

next trial or as an automatic habitual response. However, given

that the food items were taken and eaten immediately makes this

possibility unlikely. In addition, the faster response times to the

more preferred marshmallow (in the ‘marshmallowRmarshmal-

low’ trials) than the less-preferred pellets (in the ‘pelletRpellet’

trials), even though they had more experience with ‘pelletRpellet’

trials, also suggest that their behavior was goal-directed, based on

the offer value. We take this dichotomy of reactions–initially

reacting negatively by looking away and taking longer to respond,

but nonetheless eventually accepting the offer and consuming it–as

evidence for two processes underlying goal-directed behavior: one

based on consistency assessment and the other based on value

assessment. Moreover, our results suggest that the consistency

process may occur prior to the valuation process, such that

individuals compare their expectation to the actual event, and then

first react negatively to error (and adjust their expectations),

reflecting consistency assessment, and then react positively (if

better than expected), reflecting valuation of the expected

outcome. Evidence for these two underlying evaluation processes,

one based on consistency, the other on value, may not be

surprising, given the large literatures supporting each one (as

discussed in the introduction)

[1,3,4,5,12,13,15,17,18,21,22,23,24,25,26,27,28,31,43]. However,

to our knowledge, this is also the first demonstration of the

interrelationship of both processes, at least in a nonhuman animal.

Our finding of an aversive reaction to unexpected events also

provides evidence for a direct relationship between consistency

and emotional processes in the brain, which presumably motivate

animals, including humans, to actively minimize the cognitive

dissonance of expectancy violations, either via avoiding these

contingencies or learning to anticipate them in the future

[25,38,39,43,77,78,79,80,81,82]. Moreover, evidence for a sepa-

rable consistency process and its relationship to emotion provides

support for the contention that there are monitoring processes in

the brain, for example, to alert higher-level systems to override

lower-level ones [4,8,9,10,83,84,85,86,87]. For instance, if our
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monkeys had developed a basic routine to some degree to perform

the task, an unanticipated change in the routine could have led a

consistency-based monitoring system to generate an alarm signal,

as reflected in the negatively-valenced emotional response. This

signal could activate other processes, such as higher-level ones, to

assess the problem. For example, self-regulation could be applied

until it is determined that the valuation system can proceed [88].

In any case, a consideration of consistency and value assessment as

separable processes should help clarify complex reactions such as

surprise, given that the valence of the reaction (i.e., whether positive

or negative) to expectancy violation should depend on the timing

and relative strengths of the underlying processes

[4,8,23,32,89,90].

Although we found evidence for the existence of both evaluation

processes underlying rhesus monkey goal-directed behavior in

both of our subjects, further studies will need to test more

individuals to determine the extent to which rhesus macaques in

general exhibit responses that reflect a desire for both consistency

and positive subjective value. Our study has shown that at least

some individual monkeys do, and thus these processes coexist in at

least some rhesus macaques. Although we obtained consistent

results with both monkeys, one might expect to find individual

differences in the relative weighting of the influence of these

processes, with some individuals preferring consistency, routine,

and exploitation of what is known, and others preferring novelty

and exploration to find potentially richer payoffs. For macaque

monkeys, this consistency versus novelty seeking distinction may

correlate with factors like dominance rank, age, and gender, and

may be significantly heritable, given that these general dispositions

have a significant genetic component in humans [91,92].

Future work will also need to clarify the specific conditions

under which these effects are elicited. Indeed, different contexts

will likely influence the relative weighting of the two processes, as is

likely the case with people. Nonetheless, our study has revealed

that there are conditions under which both consistency assessment

and subjective valuation are manifest in the goal-directed behavior

of rhesus macaques.

The negative response of the monkeys to the unexpected events,

especially the better-than-expected one, appears to reflect their

inexperience with such situations and the resulting discomfort

when expectations are violated

[1,3,4,5,12,13,15,17,18,21,22,23,24,25,26,27,28,31,43]. Interest-

ingly, in instances in which the outcome is highly unexpected,

skepticism may in fact be warranted. Better-than-expected events

in particular may be a rarer occurrence, especially in a social

environment in which self-regulation may be the norm for most

individuals to protect against conflict, severe punishment, and

deception. The sentiment that something is too good to be true may

reflect this inherent wariness or skepticism with large prediction

discrepancies in the positive direction [23,93,94]. Although this

phenomenon is firmly ensconced in popular culture, little is known

about the conditions under which an expectancy violation may

lead to concerns and wariness about the actual outcome. Here, we

have found evidence that the concern people have with events that

are much better-than-expected is shared with at least one other

social primate. Furthermore, our results suggest that a ‘too good to

be true’ effect is not a devaluation of the potential outcome, but

rather, a reflection of the primacy of the consistency process

whereby one compares the current offer to what is expected.

Valuation is then halted while a further evaluation of the situation

is made.

Some nonhuman primates have been shown to turn down offers

when another individual receives a better one [95,96], or when

offered something better than a social partner [96]. By the same

token, some primate species have also demonstrated altruistic acts

in which they help others [97,98], even at some cost to themselves

[99,100,101]. These instances, together with our findings,

demonstrate socio-cognitive processes that interact with the

general tendency to maximize value, attesting to the complex

contingencies of living in a social world [102,103]. In fact, the

separable process of prediction-based consistency detection and

management may be a precursor to more sophisticated higher-

order cognitive abilities, including self-regulation, model-based

planning and mental simulation, deception detection, and social

contract management [20,21,24,26,27,34,102,103,104,105,106].

The finding that both of our rhesus monkeys exhibited a

preference for consistency between what is expected and what is

experienced may also have clinical relevance, especially when

preference for constancy, routine, and ritual becomes extreme, as

observed in obsessive compulsive disorder [107] and the insistence

on sameness in autism spectrum disorder [108,109,110]. An

understanding of the evolutionarily-conserved cognitive and

affective mechanisms underlying expectancy violations could

account for some of these symptoms. It is indeed likely that there

was strong selection pressure on social primates to minimize

unpredictability in a complex, dynamic, and uncertain world, and

to remain vigilant with events that are worse than expected or

others that may be too good to be true.

Acknowledgments

We thank William Sampson for research assistance, George Wolford for

statistical assistance, and Steven Wise, Seth Dobson, Eric Xu, and William

Sampson for their comments on the manuscript.

Author Contributions

Conceived and designed the experiments: EJK KMK JDK. Performed the

experiments: EJK KMK. Analyzed the data: EJK KMK JDK. Wrote the

paper: EJK KMK JDK.

References

1. Weiss JM (1970) Somatic effects of predictable and unpredictable shock.

Psychosomatic Medicine 32: 397–&.

2. Abramson LY, Seligman MEP, Teasdale JD (1978) Learned helplessness in

humans: Critique and reformulation. Journal of Abnormal Psychology 87: 49–

74.

3. Maier SF, Seligman MEP (1976) Learned helplessness: Theory and evidence.

Journal of Experimental Psychology-General 105: 3–46.

4. Herry C, Bach DR, Esposito F, Di Salle F, Perrig WJ, et al. (2007) Processing of

temporal unpredictability in human and animal amygdala. Journal of

Neuroscience 27: 5958–5966.

5. Mineka S, Kihlstrom JF (1978) Unpredictable and uncontrollable events: New

perspective on experimental neurosis. Journal of Abnormal Psychology 87:

256–271.

6. Grillon C, Baas JP, Lissek S, Smith K, Milstein J (2004) Anxious responses to

predictable and unpredictable aversive events. Behavioral Neuroscience 118:

916–924.

7. Schmitz A, Grillon C (2012) Assessing fear and anxiety in humans using the

threat of predictable and unpredictable aversive events (the NPU-threat test).

Nature Protocols 7: 527–532.

8. Hayden BY, Heilbronner SR, Pearson JM, Platt ML (2011) Surprise Signals in

Anterior Cingulate Cortex: Neuronal Encoding of Unsigned Reward

Prediction Errors Driving Adjustment in Behavior. Journal of Neuroscience

31: 4178–4187.

9. Ridderinkhof KR, Ullsperger M, Crone EA, Nieuwenhuiss S (2004) The role of

the medial frontal cortex in cognitive control. Science 306: 443–447.

10. Bressler SL, Menon V (2010) Large-scale brain networks in cognition:

emerging methods and principles. Trends in Cognitive Sciences 14: 277–290.

Monkeys React Negatively to Unexpected Offers

PLOS ONE | www.plosone.org 8 October 2013 | Volume 8 | Issue 10 | e75768



11. Mackintosh NJ (1975) A theory of attention: Variations in the associability of
stimuli with reinforcement. Psychological Review 82: 276–298.

12. Rescorla RA, Wagner AR (1972) A theory of Pavlovian conditioning:

variations in the effectiveness of reinforcement and nonreinforcement. In:

Black AH, Prokasy WF, editors. Classical conditioning II: current research and
theory. New York: Appleton-Century-Crofts.

13. Mazur JE (2005) Learning and behavior. Upper Saddle River, NJ: Prentice

Hall.

14. Schultz W, Dayan P, Montague PR (1997) A neural substrate of prediction and

reward. Science 275: 1593–1599.

15. Mackintosh NJ, editor (1994) Animal learning and cognition. San Diego:
Academic Press.

16. Hall G, Pearce JM (1979) Latent inhibition of a CS during CS-US pairings.
Journal of Experimental Psychology-Animal Behavior Processes 5: 31–42.

17. Pearce JM (2008) Animal learning and cognition. New York: Psychology Press.

18. Pearce JM, Hall G (1980) A model for Pavlovian learning: Variations in the
effectiveness of conditioned but not of unconditioned stimuli. Psychological

Review 87: 532–552.

19. Courville AC, Daw ND, Touretzky DS (2006) Bayesian theories of

conditioning in a changing world. Trends in Cognitive Sciences 10: 294–300.

20. Sutton RS, Barto AG (1998) Reinforcement learning. Cambridge, MA: MIT
Press.

21. Abelson RP, Aronson E, McGuire W, Newcomb T, Rosenberg M, et al, editors
(1968) Theories of cognitive consistency: A sourcebook. Chicago: Rand

McNally.

22. Aronson E (1968) A theory of cognitive dissonance: A current perspective. In:

Berkowitz L, editor. Advances in experimental social psychology. New York:
Academic Press. 1–34.

23. Carlsmith JM, Aronson E (1963) Some hedonic consequences of confirmation

and disconfirmation of expectancies. Journal of Abnormal Psychology 66: 151-

&.

24. Cooper J (2007) Cognitive dissonance: 50 years of a classic theory. Thousand
Oaks, CA: Sage.

25. Elliot AJ, Devine PG (1994) On the motivational nature of cognitive
dissonance: Dissonance as psychological discomfort. Journal of Personality

and Social Psychology 67: 382–394.

26. Festinger L (1957) A theory of cognitive dissonance. Evanston, IL: Row,

Peterson.

27. Harmon-Jones E, Mills J, editors (1999) Cognitive dissonance: Progress on a
pivotal theory in social psychology. Washington, D. C.: American Psycholog-

ical Association.

28. Egan LC, Santos LR, Bloom P (2007) The origins of cognitive dissonance -

Evidence from children and monkeys. Psychological Science 18: 978–983.

29. Chen MK, Risen JL (2009) Is choice a reliable predictor of choice? A comment
on Sagarin and Skowronski. Journal of Experimental Social Psychology 45:

425–427.

30. Chen MK, Risen JL (2010) How Choice Affects and Reflects Preferences:

Revisiting the Free-Choice Paradigm. Journal of Personality and Social
Psychology 99: 573–594.

31. Egan LC, Bloom P, Santos LR (2010) Choice-induced preferences in the
absence of choice: Evidence from a blind two choice paradigm with young

children and capuchin monkeys. Journal of Experimental Social Psychology 46:
204–207.

32. Kahneman D, Tversky A (1979) Prospect theory: Analysis of decision under
risk. Econometrica 47: 263–291.

33. Hastie R, Dawes RM (2001) Rational choice in an uncertain world. Thousand

Oaks, CA: Sage.

34. Kahneman D (2011) Thinking, fast and slow. New York: Farrar, Straus, and

Giroux.

35. Kahneman D, Slovic P, Tversky A, editors (1982) Judgement under

uncertainty: Heuristics and biases. Cambridge: Cambridge University Press.

36. Chen MK, Lakshminarayanan V, Santos LR (2006) How basic are behavioral
biases? Evidence from capuchin monkey trading behavior. Journal of Political

Economy 114: 517–537.

37. Lakshminarayanan VR, Chen MK, Santos LR (2011) The evolution of

decision-making under risk: Framing effects in monkey risk preferences. Journal
of Experimental Social Psychology 47: 689–693.

38. Wilson TD, Gilbert DT (2005) Affective forecasting: Knowing what to want.

Current Directions in Psychological Science 14: 131–134.

39. Mellers BA, Schwartz A, Ho K, Ritov I (1997) Decision affect theory:

Emotional reactions to the outcomes of risky options. Psychological Science 8:
423–429.

40. Rangel A, Camerer C, Montague PR (2008) A framework for studying the
neurobiology of value-based decision making. Nature Reviews Neuroscience 9:

545–556.

41. Shepperd JA, McNulty JK (2002) The affective consequences of expected and

unexpected outcomes. Psychological Science 13: 85–88.

42. Hsee CK, Zhang JA (2010) General Evaluability Theory. Perspectives on
Psychological Science 5: 343–355.

43. Tinklepaugh OL (1928) An experimental study of representative factors in
monkeys. Journal of Comparative Psychology 8: 197–236.

44. Thierry B, Singh M, Kaumanns W, editors (2004) Macaque societies: a model

for the study of social organization. Cambridge, UK: Cambridge University

Press.

45. Kralik JD, Xu ER, Knight EJ, Khan SA, Levine WJ (2012) When Less Is
More: Evolutionary Origins of the Affect Heuristic. Plos One 7: e46240.

46. Kralik JD, Sampson WWL (2012) A fruit in hand is worth many more in the

bush: Steep spatial discounting by free-ranging rhesus macaques (Macaca

mulatta). Behavioural Processes 89: 197–202.

47. Levy DJ, Glimcher PW (2012) The root of all value: a neural common currency

for choice. Current Opinion in Neurobiology 22: 1027–1038.

48. Platt ML, Ghazanfar AA (2010) Primate Neuroethology. Oxford: Oxford
University Press.

49. Bush LK, Hess U, Wolford G (1993) Transformations for within-subject
designs: A Monte Carlo investigation. Psychological Bulletin 113: 566–579.

50. Hogg RV (1974) Adaptive robust procedures: A partial review and some
suggestions for future applications and theory. Journal of the American

Statistical Association 69: 909–923.

51. Winer BJ, Brown DR, Michels KM (1991) Statistical principles in experimental

design. New York: McGraw-Hill.

52. Goswami U (2008) Cognitive Development. Hove and New York: Psychology
Press.

53. Marticorena DCW, Ruiz AM, Mukerji C, Goddu A, Santos LR (2011)
Monkeys represent others’ knowledge but not their beliefs. Developmental

Science 14: 1406–1416.

54. Mahajan N, Martinez MA, Gutierrez NL, Diesendruck G, Banaji MR, et al.

(2011) The Evolution of Intergroup Bias: Perceptions and Attitudes in Rhesus
Macaques. Journal of Personality and Social Psychology 100: 387–405.

55. Wynn K (1992) Addition and subtraction by human infants. Nature 358: 749–
750.

56. Kahneman D, Tversky A (1984) Choices, values, and frames. American
Psychologist 39: 341–350.

57. Boysen ST, Berntson GG (1995) Responses to quantity: perceptual versus

cognitive mechanisms in chimpanzees (Pan troglodytes). Journal of Experimental

Psychology: Animal Behavior Processes 21: 82–86.

58. Vlamings P, Uher J, Call J (2006) How the great apes (Pan troglodytes, Pongo

pygmaeus, Pan paniscus, and Gorilla gorilla) perform on the reversed contingency

task: The effects of food quantity and food visibility. Journal of Experimental

Psychology: Animal Behavior Processes 32: 60–70.

59. Vlamings PHJM, Hare B, Call J (2010) Reaching around barriers: the
performance of the great apes and 3–5-year-old children. Animal Cognition 13:

273–285.

60. Diamond A (1990) The development and neural bases of memory functions as

indexed by the AB and delayed response tasks in human infants and infant
monkeys. Ann N Y Acad Sci 608: 267–309; discussion 309–217.

61. Boysen ST, Berntson GG, Hannan MB, Cacioppo JT (1996) Quantity-based
interference and symbolic representations in chimpanzees (Pan troglodytes).

Journal of Experimental Psychology: Animal Behavior Processes 22: 76–86.

62. Murray EA, Kralik JD, Wise SP (2005) Learning to inhibit prepotent responses:

successful performance by rhesus macaques, Macaca mulatta, on the reversed-
contingency task. Animal Behaviour 69: 991–998.

63. Kralik JD (2005) Inhibitory control and response selection in problem solving:
How cotton-top tamarins (Saguinus oedipus) overcome a bias for selecting the

larger quantity of food. Journal of Comparative Psychology 119: 78–89.

64. Shifferman EM (2009) Its own reward: lessons to be drawn from the reversed-

reward contingency paradigm. Animal Cognition 12: 547–558.

65. Balleine BW, O’Doherty JP (2010) Human and Rodent Homologies in Action

Control: Corticostriatal Determinants of Goal-Directed and Habitual Action.
Neuropsychopharmacology 35: 48–69.

66. Izquierdo A, Suda RK, Murray EA (2005) Comparison of the effects of

bilateral orbital prefrontal cortex lesions and amygdala lesions on emotional

responses in rhesus monkeys. Journal of Neuroscience 25: 8534–8542.

67. Meunier M, Bachevalier J, Murray EA, Malkova L, Mishkin M (1999) Effects

of aspiration versus neurotoxic lesions of the amygdala on emotional responses
in monkeys. European Journal of Neuroscience 11: 4403–4418.

68. Silberberg A, Widholm JJ, Bresler D, Fujita K, Anderson JR (1998) Natural

choice in nonhuman primates. Journal of Experimental Psychology: Animal

Behavior Processes 24: 215–228.

69. Reynolds GS (1961) Behavioral contrast. Journal of the Experimental Analysis
of Behavior 4: 57–71.

70. Flaherty CF (1996) Incentive relativity. New York: Cambridge University Press.

71. Williams BA (2002) Behavioral contrast redux. Animal Learning & Behavior

30: 1–20.

72. Zentall TR, Singer RA (2007) Within-trial contrast: Pigeons prefer conditioned
reinforcers that follow a relatively more rather than a less aversive event.

Journal of the Experimental Analysis of Behavior 88: 131–149.

73. Amsel A (1994) Precis of frustration theory: an analysis of dispositional learning

and memory. Psychonomic Bulletin & Review 1: 280–296.

74. Silberberg A, Crescimbene L, Addessi E, Anderson JR, Visalberghi E (2009)

Does inequity aversion depend on a frustration effect? A test with capuchin
monkeys (Cebus apella). Animal Cognition 12: 505–509.

75. Staddon JER (1970) Temporal effects of reinforcement: negative frustration
effect. Learning and Motivation 1: 227–247.

76. Stout SC, Boughner RL, Papini MR (2003) Reexamining the frustration effect
in rats: Aftereffects of surprising reinforcement and nonreinforcement.

Learning and Motivation 34: 437–456.

77. Bechara A, Damasio AR (2005) The somatic marker hypothesis: A neural

theory of economic decision. Games and Economic Behavior 52: 336–372.

Monkeys React Negatively to Unexpected Offers

PLOS ONE | www.plosone.org 9 October 2013 | Volume 8 | Issue 10 | e75768



78. Harmon-Jones E (1999) Toward an understanding of the motivation

underlying dissonance effects: Is the production of aversive consequences

necessary? In: Harmon-Jones E, Mills J, editors. Cognitive dissonance: Progress

on a pivotal theory in social psychology. Washington, D. C.: American

Psychological Association.

79. Teigen KH, Keren G (2003) Surprises: low probabilities or high contrasts?

Cognition 87: 55–71.

80. Coughlan R, Connolly T (2001) Predicting affective responses to unexpected

outcomes. Organizational Behavior and Human Decision Processes 85: 211–

225.

81. Kralik JD, Xu ER, Knight EJ, Khan SA, Levine WJ (Under review) When less

is more: Evolutionary origins of the affect heuristic. Public Library of Science

(PLoS) One.

82. Slovic P, Finucane M, Peters E, MacGregor DG (2002) The affect heuristic. In:

Gilovich T, Griffin DW, Kahneman D, editors. Heuristics and biases: The

psychology of intuitive judgment. Cambridge, England: Cambridge University

Press. 397–420.

83. Kralik JD, Shi D, El-Shroa OA. Behavioral control in the primate brain: A

four-level model; 2011; Society for Neuroscience Abstract, Washington, D.C.

405.414.

84. O’Reilly RC, Herd SA, Pauli WM (2010) Computational models of cognitive

control. Current Opinion in Neurobiology 20: 257–261.

85. Passingham RE, Wise SP (2012) The neurobiology of the prefrontal cortex:

Anatomy, evolution, and the origin of insight. Oxford UK: Oxford University

Press.

86. Miller EK, Cohen JD (2001) An integrative theory of prefrontal cortex

function. Annual Review of Neuroscience 24: 167–202.

87. Gazzaniga MS, Ivry RB, Mangun GR (2008) Cognitive Neuroscience. New

York: W. W. Norton & Company.

88. Hassin RR, Ochsner KN, Trope Y, editors (2010) Self control in society, mind,

and brain. Oxford: Oxford University Press.

89. Kahneman D, Miller DT (1986) Norm theory: Comparing reality to its

alternatives. Psychological Review 93: 136–153.

90. Sugrue LP, Corrado GS, Newsome WT (2005) Choosing the greater of two

goods: Neural currencies for valuation and decision making. Nature Reviews

Neuroscience 6: 363–375.

91. Amodio DM, Jost JT, Master SL, Yee CM (2007) Neurocognitive correlates of

liberalism and conservatism. Nature Neuroscience 10: 1246–1247.

92. Alford JR, Funk CL, Hibbing JR (2005) Are political orientations genetically

transmitted? American Political Science Review 99: 153–167.

93. Thorsteinson TJ, Palmer EM, Wulff C, Anderson A (2004) Too good to be

true? Using realism to enhance applicant attraction. Journal of Business and

Psychology 19: 125–137.

94. Chu S, Hardaker R, Lycett JE (2007) Too good to be ‘true’? The handicap of

high socio-economic status in attractive males. Personality and Individual
Differences 42: 1291–1300.

95. Brosnan SF, de Waal FBM (2003) Monkeys reject unequal pay. Nature 425:

297–299.
96. Brosnan SF, Talbot C, Ahlgren M, Lambeth SP, Schapiro SJ (2010)

Mechanisms underlying responses to inequitable outcomes in chimpanzees,
Pan troglodytes. Animal Behaviour 79: 1229–1237.

97. Lakshminarayanan VR, Santos LR (2008) Capuchin monkeys are sensitive to

others’ welfare. Current Biology 18: R999–R1000.
98. de Waal FBM, Leimgruber K, Greenberg AR (2008) Giving is self-rewarding

for monkeys. Proceedings of the National Academy of Sciences of the United
States of America 105: 13685–13689.

99. Warneken F, Hare B, Melis AP, Hanus D, Tomasello M (2007) Spontaneous
altruism by chimpanzees and young children. Plos Biology 5: 1414–1420.

100. Burkart JM, Fehr E, Efferson C, van Schaik CP (2007) Other-regarding

preferences in a non-human primate: Common marmosets provision food
altruistically. Proceedings of the National Academy of Sciences of the United

States of America 104: 19762–19766.
101. Warneken F, Tomasello M (2006) Altruistic helping in human infants and

young chimpanzees. Science 311: 1301–1303.

102. Silk JB (2007) Social components of fitness in primate groups. Science 317:
1347–1351.

103. Silk JB, House BR (2011) Evolutionary foundations of human prosocial
sentiments. Proceedings of the National Academy of Sciences of the United

States of America 108: 10910–10917.
104. Botvinick MM, Niv Y, Barto AC (2009) Hierarchically organized behavior and

its neural foundations: A reinforcement learning perspective. Cognition 113:

262–280.
105. Daw ND, Niv Y, Dayan P (2005) Uncertainty-based competition between

prefrontal and dorsolateral striatal systems for behavioral control. Nature
Neuroscience 8: 1704–1711.

106. Cosmides L, Tooby J (2005) Neurocognitive adaptations designed for social

exchange. In: Buss DM, editor. The handbook of evolutionary psychology.
New York: Wiley. 584–627.

107. Eilam D, Zor R, Szechtman H, Hermesh H (2006) Rituals, stereotypy and
compulsive behavior in animals and humans. Neuroscience and Biobehavioral

Reviews 30: 456–471.
108. Kanner L (1968) Autistic disturbances of affective contact. Acta Paedopsychia-

trica 35: 100–136.

109. Kobayashi R, Murata T (1998) Behavioral characteristics of 187 young adults
with autism. Psychiatry and Clinical Neurosciences 52: 383–390.

110. Chen, Rodgers J, McConachie H (2009) Restricted and Repetitive Behaviours,
Sensory Processing and Cognitive Style in Children with Autism Spectrum

Disorders. Journal of Autism and Developmental Disorders 39: 635–642.

Monkeys React Negatively to Unexpected Offers

PLOS ONE | www.plosone.org 10 October 2013 | Volume 8 | Issue 10 | e75768


