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Humans devote a substantial part of their time to seeking and

consuming information. Often, this information is directly

relevant. However, we also seek out information without

obvious direct purpose. Curiosity about this type of information

is called ‘non-instrumental curiosity’. In this review we ask why

we are so curious about information that serves no direct

purpose and address the psychological and neural

mechanisms by which such apparently purpose-less curiosity

is elicited. Non-instrumental curiosity is argued to fulfill (at least)

two goals: to progressively reduce uncertainty about the world

around us, and to accrue information that makes us feel good.

We conclude by highlighting the promise of future

psychopharmacological and neurochemical imaging studies of

curiosity for elucidating the basis of both state and trait-related

variation in curiosity. This is pertinent given the key implication

of neurotransmitters like noradrenaline and dopamine in

uncertainty reduction, reward motivation and cognitive effort.

Addresses
1Donders Institute for Brain, Cognition and Behaviour, Radboud Uni-

versity, P.O. Box 9101, 6500 HB Nijmegen, The Netherlands
2Department of Psychiatry, Radboud University Medical Centre, P.O.

Box 9101, 6500 HB Nijmegen, The Netherlands

Corresponding author:

van Lieshout, Lieke LF (l.vanlieshout@donders.ru.nl)

Current Opinion in Behavioral Sciences 2020, 35:112–117

This review comes from a themed issue on Curiosity (Explore versus

exploit)

Edited by Daphna Shohamy and Ran Hassin

https://doi.org/10.1016/j.cobeha.2020.08.005

2352-1546/ã 2020 The Authors. Published by Elsevier Ltd. This is an

open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

Introduction
In our everyday lives, we spend an enormous amount of

time seeking and consuming information. From time to

time, we can directly use this information, for example,

when checking the weather report before leaving the house

to see if we should take an umbrella. When looking for such

information that is directly relevant, we aim to maximize

reward and/or to minimize harm (i.e. not arriving at work

completely soaked; [1]). This type of information seeking

can also be called ‘goal directed exploration’ or

‘instrumental curiosity’ (see also Refs. [2,3�]).
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Critically, humans and other animals are also known to

seek out information without such obvious purpose in

mind. Think, for example, about situations in which we

scroll through our Instagram feed or check our Facebook,

without a specific purpose. This type of curiosity is often

referred to as ‘non-instrumental curiosity’ (see also Ref.

[3�]). Considering the amount of time we spend consum-

ing such non-instrumental information, a relevant ques-

tion is why we are so curious about information that serves

no direct obvious purpose. What are the psychological and

neural mechanisms by which such apparently purpose-

less curiosity is elicited?

Here, we provide an overview of the recent cognitive and

neuroscientific literature on non-instrumental curiosity.

For reviews on goal-directed exploration and instrumen-

tal curiosity, we refer the reader to other sources (i.e. Refs.

[4–6]). In short, we argue that non-instrumental curiosity

might serve at the least the following purposes: [1] to

reduce uncertainty about the world around us, [2] to make

us feel good (savouring). Thus, curiosity is a function of

multiple motives that are not mutually exclusive and

likely go hand-in-hand (Figure 1).

Curiosity and uncertainty reduction
Decades ago, Berlyne [7] already observed that humans

seek out information or stimulation for its own sake. Such

exploration is particularly triggered in situations that

include novelty, surprise, incongruity and complexity.

In fact, people are especially curious about stimuli with

intermediate levels of novelty [8]. One reason for this

preference might be that stimuli that are not familiar but

also not completely new may have the highest potential

for providing learning opportunities. In other words: they

are most likely to reduce uncertainty about the world

around us.

Curiosity motivates learning

Curiosity can be defined as the ‘intrinsic motivation to

learn and to acquire information’. Therefore, curiosity has

long been argued to play a central role in development,

learning and exploration (i.e. Refs. [3�,9–11,12��]). This

view was inspired by Loewenstein, who described curi-

osity as a ‘cognitive induced deprivation that arises from

the perception of a gap in knowledge and understanding’

[12��]. He argued that curiosity is essentially an aversive

drive that arises when people become aware of gaps in

their knowledge. People are driven to fill these gaps with

information, which is in turn often considered to be

rewarding.
www.sciencedirect.com
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In this review we argue that non-instrumental curiosity serves at least two purposes. The first is that it progressively reduces uncertainty about the

world around us. By means of uncertainty reduction, curiosity facilitates learning and it updates our current model of the world. The second

purpose is that we accrue information that makes us feel good (savouring). In other words: we tend to seek positive information and tend to avoid

negative information.
Evidence for the notion that humans and other animals

are driven by information comes from recent studies with

nonhuman primates (macaque monkeys). In these stud-

ies, monkeys had the opportunity to choose to receive

information about upcoming primary rewards (such as

water or juice; [13��,14]). Results showed that monkeys

more often choose an informative than an uninformative

option, even though this choice did not alter the likeli-

hood of actually receiving the reward. More strikingly,

monkeys were even willing to give op a substantial

portion of their reward in order to get this information

[15�]. Information and primary reward were shown to

implicate the same neural structures: Cells coding for

the reward prediction error also coded for an information

prediction error, that is, the difference between expected

information and received information. In fact, such infor-

mation prediction errors were found in midbrain dopa-

mine neurons (DA neurons) as well as in lateral habenula

(LHb) neurons [13��,14]. These findings are supported by

work with human volunteers, showing that humans are

also willing to incur considerable monetary costs to

acquire early information that had no obvious purpose

[16–18]. In addition, Brydevall et al. [17] found using

EEG that feedback-related negativity independently

encoded both an information prediction error as well as

a reward prediction error. This is consistent with the

hypothesis that information is processed in neural reward

circuitries and supports the information-as-reward

hypothesis. In other words: people show a strong prefer-

ence for information, and information might be rewarding

in and of itself.

Further support for the information-gap hypothesis [12��]
comes, for example, from Jepma et al. (see Ref [46]), who

showed participants blurry photos with ambiguous
www.sciencedirect.com 
contents that piqued their curiosity. Next, participants’

curiosity was either relieved by revealing the actual

picture or not. Curiosity was associated with activation

of the anterior cingulate cortex (ACC) and the anterior

insula, regions that are sensitive to aversive conditions

(but also many other things, such as conflict and arousal).

Resolution of curiosity was associated with activity in

regions of the striatum that have been related to reward

processing, while also enhancing hippocampal activation

and incidental memory. Consistent with the proposal by

Loewenstein, these data led to the conclusion that curi-

osity is marked by an aversive state of lacking informa-

tion. This unpleasant state motivates information seek-

ing, which alleviates this aversive state and facilitates

memory.

In addition, studies in which human volunteers were

presented with trivia questions [9,19��,20,21,22��] while

undergoing fMRI [19��,20,21], support the notion that

curiosity facilitates learning. In one of these studies,

participants had to indicate how curious they were to

learn the answer as well as how confident they were that

they knew the answer [20]. Participants were most curi-

ous about trivia questions with intermediate levels of

confidence. Unsurprisingly, they were not curious about

questions for which they either already knew the answer

(when there was no information gap) or about questions

for which they were not confident at all (when the

information gap was too large). In addition, people were

more willing to wait and pay for information about which

they were more curious and curiosity enhanced later

recall of novel information. This was supported by find-

ings of Gruber et al. [19��] who found, using a similar

paradigm, that participants showed better learning in

states of high compared to low curiosity. Additionally,
Current Opinion in Behavioral Sciences 2020, 35:112–117
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learning was driven by the gap between the actual value

of the information received and the anticipated value of

the information (curiosity); the so-called information pre-

diction error [22��]. These results support the idea that

information functions as a reward.

Self-reported curiosity has been associated with brain

activity in the caudate nucleus [20], the midbrain and

the nucleus accumbens [19��]. These are structures that

are more generally activated by reward anticipation, sug-

gesting that curiosity elicits a so-called ‘anticipation of

reward’ state (consistent with Loewenstein’s theory).

Curiosity-driven memory benefits correlated with antici-

patory activity in midbrain and hippocampus [19��] and

when the answer to trivia questions was revealed, activa-

tions were found in structures associated with learning

and memory, such as the parahippocampal gyrus and

hippocampus [20]. It should be noted that Jepma et al.
[46] posit curiosity to be a fundamentally aversive state,

whereas it is conceptualized as pleasurable and linked to

reward anticipation in studies using trivia questions

[19��,20]. It is surprising that the latter studies did not

find ventral striatum responses to curiosity relief, a classic

structure that responds to receipt of reward. However, in

another study using a stochastic trivia questions paradigm

(in which it was unpredictable whether the answer to a

trivia question would be revealed), relief of curiosity did

activate the ventral striatum [21]. It appears that the

ventral striatum might, therefore, not be related to recep-

tion of knowledge per se, but it may be selectively

recruited when curiosity is relieved in a stochastic fashion

(and thereby reflecting a form of a relief prediction error.

These results suggest that curiosity is supported by

mechanisms that are similar to those implicated in incen-

tive motivation and reward-based learning. To account

for the evidence that curiosity states are related to mod-

ulations in the dopaminergic circuits and impact memory

encoding, Gruber and Ranganath [23] put forward the

hypothesis that curiosity is triggered by prediction errors

that are appraised. This enhances memory encoding by

means of heightened attention, exploration and informa-

tion seeking, as well as the consolidation of information

acquired in states of curiosity through dopaminergic

modulation of the hippocampus (see Ref. [23], for more

detailed neuroscientific mechanisms).

Curiosity promotes an update of one’s world model

The literature reviewed above mainly focuses on curios-

ity, learning and its benefits for memory encoding. In

these studies, obtaining information (for example, when

receiving the answer to a trivia question) is itself reward-

ing, consistent with an information-as-reward hypothesis

[12��,22��]. This information is likely rewarding to us,

because it will help us to get a better idea about what is

going on the world around us. In other words: it will help

us to update our current model of the world.
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In our recent work we have demonstrated that we are

particularly curious about information when that informa-

tion reduces uncertainty about the world around us and

that this drive can even supersede the drive for explicit

reward [24��]. The studies reviewed above show that both

macaque monkeys and humans show a preference for

information over no information [13��,14]. In our study,

using a non-instrumental lottery task, we investigated

whether people were also driven by the size of the

information gap. In other words: does curiosity increase

with uncertainty? To this end, we independently manip-

ulated the amount of information that could be gained by

seeing the outcome (outcome uncertainty) as well as the

amount of reward that could be gained (expected value).

We found that people are more curious and more willing

to wait when there was higher uncertainty about the

outcome, but not when expected value was higher

([25,26,24��], see also Ref. [18]). This induction of curi-

osity by outcome uncertainty was associated with activity

in the parietal cortex, possibly because of the higher

amount of attentional resources required to process situa-

tions that are marked by higher uncertainty ([24��], see

also Ref. [27]). Relief of curiosity was associated with

activity in the orbitofrontal cortex (OFC; see also Ref.

[28��]) and the insula. Moreover, the insula also coded the

size of the information update (information prediction

error; see also Ref. [29]). These findings show that we are

driven by uncertainty to update our current world model

and that this drive can go beyond the drive for explicit

rewards.

A related, but not mutually exclusive hypothesis comes

from work in the field of developmental robotics. Accord-

ing to the learning progress hypothesis [30], humans are

curious when there are opportunities to make learning

progress. Specifically, curiosity is argued to increase, not

with uncertainty or information prediction error (i.e.

surprise) per se, but rather with the minimization of

the derivative of (i.e. difference between two successive)

prediction errors. This proposal is reminiscent of the

predictive coding framework, according to which agents

are driven to minimize surprise, and thus also information

prediction errors [31]. This was reflected in the behavior

of the robots, which first focus on situations that are easy

to learn, before shifting attention to more difficult situa-

tions. At the same time, the robots avoided situations that

were too complex and in which nothing could be learned.

Similarly, infants also prefer to attend to stimuli of

medium complexity and avoid attending to stimuli which

are too difficult to learn from also in situations when there

are no explicit rewards to be obtained [32].

Curiosity and savouring
In addition to reducing uncertainty, people may also seek

information simply because it makes them feel good. In

addition to reducing uncertainty about the world around
www.sciencedirect.com
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us, we also exhibit a preference for positive over negative

belief updating.

For instance, recent studies have indicated that people

are generally more curious about positive information

than about negative information. This has been demon-

strated using trivia questions paradigms with people

being more curious about questions with positive com-

pared with negative valence [22��] as well as using more

quantitative lottery tasks, showing that people are more

curious about gains (positive information) compared with

losses (losses; [25,26,28��])

In fact, from time to time we even deliberately decide to

avoid information. Many people prefer not to be informed

about things such as potential negative medical test

results [33,34]. Human volunteers have been shown to

be willing to pay not only for obtaining positive informa-

tion, but also to avoid knowledge about negative infor-

mation [28��]. The observation that this preference for

advance knowledge about positive (versus negative)

information is stronger when the outcome is further

removed in the future has led to the conclusion that

people seek information in order to maximize the state

of reward anticipation, that is, savouring (versus dread;

[35]). Charpentier et al. [28��] demonstrated that the

desire to gain knowledge over ignorance is accompanied

by neural signals in the orbitofrontal cortex (OFC; cf.

[15�,24��]), regardless of valence. In addition, activity in

the mesolimbic reward circuitry (VTN/SN) was modu-

lated by the opportunity to gain knowledge about posi-

tive, but not negative outcomes (by coding valence-

dependent information prediction errors). In accordance

with this, they propose that the nucleus accumbens

integrates a signal from the OFC (coding for the oppor-

tunity to obtain knowledge) with a valence-dependent

value signal in the VTA/SN. In this way, greater informa-

tion seeking is elicited when content is expected to be

positive versus negative, explaining the preference for

positive over negative belief updating.

Together these observations have led Sharot and Sun-

stein [36] to conclude that information can alter people’s

action, affect and cognition in both positive and negative

ways. The suggestion is that people evaluate and inte-

grate these influences, calculating the value of informa-

tion leading to information seeking or avoidance. This

offers a framework for identifying and quantifying how

individuals differ in their information-seeking behavior.

Conclusion and open questions
We have argued that non-instrumental curiosity serves

multiple purposes, and reflects both a motivation to form

accurate beliefs (knowing) as well as a motivation to enter

the positive state of reward anticipation (savouring). Most

people show a combination of both drives and the mixture

of motives differs between individuals [37��,26,38].
www.sciencedirect.com 
Taking into account the work from developmental robot-

ics and psychology, we argue that these drives of knowing

and savouring likely intertwine with a third drive, that is,

to make learning progress. Future work is needed to

address this hypothesis, for example, using experimental

designs where curiosity ratings and/or behaviors are mea-

sured on a trial-by-trial basis as a function of changes in

the difference between the predicted and the obtained

amount of information.

A second focus for future work might be to study of

neuromodulatory drug effects on human curiosity behav-

ior. This is pertinent, given the well-known role of the

large ascending neuromodulators, such as dopamine and

noradrenaline, in the various curiosity-relevant constructs

highlighted here, such as uncertainty-based (meta-)learn-

ing (i.e. Refs. [39,40]), reward motivation and cognitive

effort [41]. Prior evidence demonstrating that the firing of

single dopamine neurons in the midbrain correlates with

the size of the information prediction error [13��,14]
further underscores the promise of human psychophar-

macological interventions for studying the basis of both

inter-individual and intra-individual variability in curios-

ity behavior.

A third line of focus for future work might be to study

what drives curiosity for negative content. Though we

argue in the current review that humans prefer positive

over negative information, it should be noted that people

were also curious and willing to wait for losses (albeit to a

lesser degree than for gains), and more so when the

uncertainty about these losses was higher [26]. This

resonates with findings indicating that people are curious

about information that will likely lead to negative affect

[42–45] and with the notion that people prefer to reduce

uncertainty, even if it leads to negative experiences [43].

From time to time, people deliberately choose to view

negative ‘morbid’ information, such as pictures of

beheadings or violent social conflicts, and even choose

such images over neutral ones [44]. One motive that

might explain curiosity for such intense negative infor-

mation is that it might be associated with high uncertainty

(see Ref. [45]). In other words: humans might exhibit a

general desire to reduce uncertainty and increase knowl-

edge about what is going on, and that this drive can go

over and above the potential unpleasantness of the infor-

mation (such as losses or morbid information).
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