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Humans exhibit framing effects when making choices, appraising decisions

involving losses differently from those involving gains. To directly test for

the evolutionary origin of this bias, we examined decision-making in

humans’ closest living relatives: bonobos (Pan paniscus) and chimpanzees

(Pan troglodytes). We presented the largest sample of non-humans to date

(n ¼ 40) with a simple task requiring minimal experience. Apes made choices

between a ‘framed’ option that provided preferred food, and an alternative

option that provided a constant amount of intermediately preferred food. In

the gain condition, apes experienced a positive ‘gain’ event in which the

framed option was initially presented as one piece of food but sometimes

was augmented to two. In the loss condition, apes experienced a negative

‘loss’ event in which they initially saw two pieces but sometimes received

only one. Both conditions provided equal pay-offs, but apes chose the

framed option more often in the positive ‘gain’ frame. Moreover, male apes

were more susceptible to framing than were females. These results suggest

that some human economic biases are shared through common descent

with other apes and highlight the importance of comparative work in

understanding the origins of individual differences in human choice.
1. Introduction
Humans exhibit a suite of biases not predicted by rational choice theory. One

important example is the framing effect: the manner in which options are pre-

sented, or framed, can profoundly influence how we evaluate equivalent

choices. When making decisions, we evaluate options relative to a reference

point, and changes that appear to worsen the status quo (such as losses) are

treated differently from changes that appear to improve it (such as gains) [1].

While well-known examples focus on framing’s impact on decisions under

risk [2], framing has broad influences on judgement and decision-making [3].

For example, people assess a hypothetical gamble as more favourable and are

more willing to invest in it, when it is described positively in terms of likelihood

of winning, compared with an identical gamble described negatively in terms

of likelihood of losing [4]. That is, humans are sensitive to how decisions are

presented and prefer situations where positive attributes are highlighted over

identical choices that focus on negative attributes. However, the origin of the

framing effect is unclear. One possibility is that this bias requires human-

specific cultural experience with economic markets [5]. Alternatively, it may

stem from psychological processes that are inherited through common descent

with other apes and may even be widely shared across vertebrates.

There is some evidence that framing effects may not be unique to humans [6].

For example, capuchin monkeys (Cebus apella) prefer to trade a token with an exper-

imenter who offered a smalleramount of food but sometimes augmented it (a gain)

versus one who initially offered more but sometimes reduced it (a loss)—despite

receiving equal pay-offs regardless [5]. Moreover, framing can influence
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Figure 1. Responses to framing. (a) Percentage of choices for the framed option across conditions. (b) Responses by sex. Error bars depict standard error. ***p , 0.001.
Dark grey bars denote gain frame and light grey bars denote loss frame.
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non-human risk preferences: both capuchins and European star-

lings (Sturnus vulgaris) are more risk-seeking when attempting

to avoid certain losses than when attempting to acquire gains

[7,8]. However, unlike most human studies examining spon-

taneous responses to framing, these studies involved extensive

training on task procedures or several sessions before individ-

uals’ preferences stabilized, and such experience may impact

decision-making [9,10]. Furthermore, it is unknown whether

humans share this bias with these more distantly related species

due to homology, or evolutionary convergence.

The critical test of whether human framing is evolution-

arily derived is to examine our closest phylogenetic

relatives: chimpanzees (Pan troglodytes) and bonobos (Pan
paniscus). The use of such phylogenetic inference is a power-

ful tool for comparative psychology [11]. In the current study,

we presented apes with a simple, non-verbal task involving

minimal prior experience that allowed us to test a much

larger sample of individuals (n ¼ 40) than previous compara-

tive studies, in a manner more similar to human research.

Apes made choices for a ‘framed’ option that always pro-

vided the same average amount of food, but was presented

either positively (as a gain) or negatively (as a loss)—a situ-

ation sometimes referred to as attribute framing [4]. The

framed option was pitted against an alternative choice that

always provided a fixed amount of food. We predicted that

both species would respond differently to perceived gains

versus losses, preferring the framed option more in the gain

condition—much like how humans judge options as more

desirable when presented in terms of positive attributes com-

pared with identical options framed in terms of negative

attributes [4]. As bonobos are more risk-averse than chimpan-

zees [9–12], we further predicted that bonobos might exhibit

relatively greater aversion to the loss frame.
2. Material and methods
We tested 40 semi-free-ranging apes: 23 chimpanzees from Tchim-

pounga Chimpanzee Sanctuary in the Republic of Congo, and 17

bonobos from Lola ya Bonobo Sanctuary in the Democratic

Republic of Congo (see the electronic supplementary material
for details). Apes chose between a ‘framed’ option that provided

preferred food (fruit), and an alternative option that provided

intermediately preferred food (peanuts). In the gain condition,

the framed option was always initially presented as one piece of

food but was augmented to two after the ape’s choice on half of

trials. In the loss condition, the framed option was presented as

two pieces but decreased to one on half of the trials (see electronic

supplementary material and [12] for data).

Subjects completed five sessions (see electronic supplemen-

tary material, figure S1 for details). In the preference pre-test, we

determined each individual’s equivalence quantity—the number

of peanuts they treated as equivalent to the average pay-off

from the framed option (1.5 fruit pieces). We systematically

adjusted the quantity until the ape chose between the two options

equally; this amount was used as the alternative option in the

main sessions. Apes then completed the gain and loss conditions

(order counterbalanced). Each condition consisted of an initial

exposure session of forced-choice trials (12 trials per option) to

familiarize subjects with reward contingencies. In the test session,

the following day, apes completed six additional exposure trials
per option, followed by 12 test trials involving choices between

the framed and alternative options. In all sessions, the ape and

experimenter sat opposite each other at a sliding table. The exper-

imenter baited the relevant options (side counterbalanced) and

then pushed the table-top forward (looking straight ahead to

avoid cuing); the ape indicated its choice by pointing.
3. Results
Apes chose the framed option significantly more in the

gain condition (M ¼ 59.6%+ s.e. ¼ 4.6 of trials) than in

the loss condition (47.7%+5.0 of trials) (Wilcoxon: N ¼ 40,

Tþ¼ 22, 10 ties, Z ¼ 22.96, p , 0.005; see figure 1a and elec-

tronic supplementary material, table S1). We calculated a

difference score (gain-frame 2 loss-frame choices) to index

each individual’s relative preference for the gain condition

and found no difference between species (Mann–Whitney

U ¼ 192.5, Z ¼ 20.08, p ¼ 0.94, n.s.). However, males had a

significantly higher score than females (males: M ¼ 18.6+
s.e. ¼ 5.5; females: 3.7+4.1; Mann–Whitney U ¼ 119.0,

Z ¼ 22.18, p , 0.05; see figure 1b). Importantly, there was

no difference between the sexes in their equivalence quantity,



Table 1. Factors influencing likelihood of choosing the framed option in the best-fit model. Trial number (1 – 12), equivalence quantity (or the value of the
alternative option) and average session pay-offs were included as covariates across models. Significant p-values ( p , 0.05) are italicized.

factor estimate s.e. Z p

trial number 0.008 0.022 0.356 0.72

equivalence quantity 20.196 0.147 21.335 0.18

average session pay-off 7.191 2.530 2.843 ,0.005

condition (gain baseline) 20.130 0.222 20.586 0.56

sex (female baseline) 0.330 0.573 0.576 0.56

males: loss 2 gain 21.074 0.229 24.690 ,0.001

females: loss 2 gain 20.130 0.222 20.586 0.99
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nor in pay-offs received from the framed option (see the elec-

tronic supplementary material).

We used generalized linear mixed models to analyse

choices on a trial-by-trial basis, accounting for within-subject

repeated measures. We used the glmer function from the

LME4 software package in R to fit binomial models with a

logit link function using maximum likelihood and compared

fit using likelihood ratio tests (see the electronic supplemen-

tary material for details). We first fitted a base model that

included random subject intercepts to account for repeated

trials, and three covariates: equivalence quantity (to account

for variation in choices related to the value of each individ-

ual’s alternative option), the average pay-off received from

the framed option in that session (to account for variation

in feedback), and trial number (to account for within-session

preference changes). In the second model, we added condition
to assess the importance of our framing manipulation. This

further increased model fit compared with the base model

(x2 ¼ 14.04, d.f. ¼ 1, p , 0.001). In the third model, we

added sex and a sex-by-condition interaction, to assess

whether males and females differed in their framing suscep-

tibility. This improved model fit (x2 ¼ 8.87, d.f. ¼ 2, p ,

0.05); while males and females did not differ in their overall

propensity to choose the framed option, pairwise Tukey com-

parisons revealed that only males were significantly

influenced by framing condition (see table 1 for model par-

ameters). Finally, we added species and an interaction with

condition to assess if chimpanzees and bonobos differed. How-

ever, this did not improve model fit compared with the third

model (x2 ¼ 1.24, d.f. ¼ 2, p ¼ 0.54, n.s.). These results indicate

that the species did not differ in susceptibility to framing,

whereas male apes exhibited a more robust framing effect

than female apes—even when accounting for other potential

influences on their choices. Importantly, trial number did not

impact choices (see table 1), ruling out within-session learning

or changes in relative food preferences.
4. Discussion
Chimpanzees and bonobos were more likely to choose the

framed option when it was presented positively (as a gain)

than when it was presented negatively (as a loss). That is,

apes evaluated the gain option more positively than the loss

option despite equivalent pay-offs, as do humans [4] (see

also [5]). Indeed, although the framed option was initially

presented as a larger amount in the loss condition, apes still
chose it more in the gain condition. That both of humans’ clo-

sest relatives exhibit human-like framing effects suggests that

this bias is not a product of evolutionary convergence but of

shared ancestry between humans, non-human apes and per-

haps other species as well [5,7,8]. Importantly, apes exhibited

this framing bias after no training and minimal experience—

a set-up more similar to human research—and showed no

changes in choices across trials. Together with comparative

studies of the endowment effect [13,14], risk sensitivity [15]

and ambiguity aversion [16,17], our work suggests that core

features of human decision-making may reflect biological

predispositions and that experience with monetary markets

may not be necessary for components of human economic

behaviour to emerge.

Although chimpanzees and bonobos exhibited differences

in risk preferences in previous studies [18–21], we found no

differences in their responses to framing. This aligns with pre-

vious work indicating that chimpanzees and bonobos may

differ specifically in cognitive capacities relevant to their natu-

ral socioecology but show broad commonalities in cognition

across many other contexts [22]. It is important to note that

the current study focused on the apes’ preference for an

option framed positively (as a gain) versus negatively (as a

loss)—or attribute framing—not how framing impacts their

risk preferences (e.g. [8]). Thus, future research could address

whether apes exhibit the ‘reflection’ effect, becoming more

risk-seeking when attempting to avoid certain losses than

when attempting to acquire gains.

Our study’s large sample size allowed us to examine vari-

ation in non-human responses to framing—the first study to do

so to our knowledge. In fact, we found that male apes showed a

stronger response to framing than females. This difference

remained even when accounting for potential differences in

food preferences, framed option pay-offs or trial-by-trial

shifts in strategy. Why might male and female apes differ in

susceptibility to framing? In humans, there is mixed evidence

for gender differences in framing responses [23,24]. However,

men may respond more strongly to negative frames specifically

when making decisions about resources [23]. Moreover, fram-

ing effects may be driven by affective responses to losses versus

gains [25], and men show greater differentiation of these

contexts in their patterns of arousal than do women [26]. As

apes also exhibit emotional reactions to decision-making [21],

future research could assess sex differences in their affective

responses to framing. Importantly, gender differences in

human decision-making may stem from diverse causes, includ-

ing different market experiences, cultural norms of behaviour
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or differences in motivation [27]. The current results indicate

that studies of larger populations of non-humans can help

constrain these hypotheses, as animals lack many relevant

human-specific experiences or explicit gender norms. That is,

comparative work can provide unique insights into the origins

of individual differences in human choice.
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