
Motivation as a Lens for Understanding
Information-seeking Behaviors

Xinxu Shen , Chelsea Helion, David V. Smith, and Vishnu P. Murty

Abstract

■ Most prior research characterizes information-seeking

behaviors as serving utilitarian purposes, such as whether the

obtained information can help solve practical problems. How-

ever, information-seeking behaviors are sensitive to different

contexts (i.e., threat vs. curiosity), despite having equivalent

utility. Furthermore, these search behaviors can be modulated

by individuals’ life history and personality traits. Yet the empha-

sis on utilitarian utility has precluded the development of a uni-

fied model, which explains when and how individuals actively

seek information. To account for this variability and flexibility,

we propose a unified information-seeking framework that

examines information-seeking through the lens of motivation.

This unified model accounts for integration across individuals’

internal goal states and the salient features of the environment

to influence information-seeking behavior. We propose that

information-seeking is determined by motivation for informa-

tion, invigorated either by instrumental utility or hedonic utility,

wherein one’s personal or environmental context moderates

this relationship. Furthermore, we speculate that the final

common denominator in guiding information-seeking is the

engagement of different neuromodulatory circuits centered

on dopaminergic and noradrenergic tone. Our framework pro-

vides a unified framework for information-seeking behaviors

and generates several testable predictions for future studies. ■

INTRODUCTION

Information has its own value. Individuals constantly seek

information to guide their behaviors (Kelly & Sharot,

2021), sparking researchers to conceptualize these

processes as value-based reward-seeking in service of util-

itarian purposes. However, simple models of value-based

decision-making fall short of describing the variety of

information-seeking behaviors seen in everyday life. For

example, individuals will often avoid valuable information

or seek information that has no obvious value for guiding

behaviors, such as trivia answers or learning how magic

tricks work (Gruber & Ranganath, 2019). Prior research

has begun to explain the diversity of information-seeking

and the role of contextual variance (Eschmann, Pereira,

Valji, Dehmelt, & Gruber, 2023; Kelly & Sharot, 2021;

Soroya, Farooq, Mahmood, Isoaho, & Zara, 2021;

Bromberg-Martin & Monosov, 2020; White et al., 2019),

yet there has not been a unified model that captures

how and when individuals actively seek out information.

Here, we propose a framework of information-seeking

through the lens of motivation—drawing upon concep-

tualizations of these processes spanning social psychol-

ogy, cognitive psychology, and neuroscience—that

accounts for both internal drive states and external con-

textual factors that influence information-seeking behav-

iors (Figure 1).

Most prior research on information-seeking has

focused on the instrumental utility of information—the

intrinsic value of information that can be used to guide

approach-related decisions (Kelly & Sharot, 2021; Sharot

& Sunstein, 2020). For example, individuals actively

seek information about Covid-19 or other illnesses so

that they can take preventative actions to protect them-

selves. However, the instrumental utility of information

alone cannot explain the variety of information-seeking

behaviors. To account for this variability, recent

research suggests that individuals seek information

because information can also elicit positive affect, which

is known as the hedonic utility of information (Kelly &

Sharot, 2021). Here, we propose that both instrumental

and hedonic utility of information can invigorate a high

motivational state to acquire information. By consider-

ing motivational drive as the key factor initiating and

propagating information-seeking, we can better concep-

tualize how other cognitive states—such as judgment

of learning, curiosity, and perceived agency—drive

information-seeking by influencing either instrumental

or hedonic utility. In this review, we will summarize the

diverse factors that lead to either high or low motiva-

tional states to actively acquire information, and we detail

how a given contextual state can shape the translation of

utility into motivation to execute information-seeking

behaviors. Central to this theoretical framework is that

utility alone, either instrumental or hedonic, is insuffi-

cient to explain information-seeking behaviors. Rather,

different contextual states either driven by one’s personal

history, temperament, or external factors explain vari-

ability in information-seeking.Temple University, Philadelphia, PA
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Finally, to understand the underlying mechanisms of

information-seeking, in this review, we will also construe

these psychological and behavioral factors through the

lens of neuromodulatory systems underlying motivation

highlighted in animal models and human neuroimaging

(Figure 2). Prior work suggests that motivation-related

circuit is involved in information-seeking. It is suggested

that midbrain dopamine neurons signal information pre-

diction errors in predicting the opportunity to gain

knowledge (Brydevall, Bennett, Murawski, & Bode,

2018). In line with this assertion, research has shown

the ventral tegmental area ( VTA) and the nucleus

Figure 1. A unified model of information-seeking. We propose an information-seeking framework that integrates individuals’motivational state with

contextual factors to determine whether people seek or avoid information. We suggest that the instrumental and hedonic utilities of information

are the primary motivational factors influencing information-seeking behaviors and that other factors may influence these utilities positively or

negatively.

Figure 2. Neuromodulatory system involved in information-seeking. We propose that dopamine is involved in information-seeking whereas

norepinephrine is involved in information avoidance.

Shen et al. 363
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accumbens (NAcc), core regions within the dopamine

circuit, are more active during information-seeking

(Bromberg-Martin & Monosov, 2020; Smith, Rigney, &

Delgado, 2016). In addition, when presented with a

cue that indicates upcoming information, increased func-

tional connectivity between the VTA and NAcc has been

observed, suggesting that these regions work together to

facilitate decisions related to information-seeking

(Eschmann et al., 2023; Bromberg-Martin & Monosov,

2020). Given the large literature that engagement of this

system can facilitate instrumental behaviors, we extend

this framework to encompass learning as another instru-

mental behavior subserved by the dopamine system.

However, as we detail above, the drive to seek rewards

does not operate in isolation, when factors, such as anxiety

and negative affect, outweigh the motivation to seek

information, individuals either inhibit information-seeking

or actively avoid information (Clewett & Murty, 2019).

Norepinephrine (NE) modulates the activity of brain

regions such as the amygdala, which is associated with

anxiety, suggesting that NE might be involved in informa-

tion avoidance. Animal and human research suggested

that the central nucleus of the amygdala mediates freezing

behaviors (Zimmerman, Rabinak, McLachlan, & Maren,

2007; Kalin, 2004), which is a behavioral profile in direct

opposition to active information-seeking. Together, we

propose that NE and subcortical regions, such as the

amygdala, should play important roles in information

avoidance.

Below, we first propose a synthesized account of

information-seeking that enumerates the different motives

underlying the acquisition or avoidance of information.

We review factors that influence internal motivation for

information and external contextual factors that influence

information-seeking. We particularly focus on how internal

motivation and external contextual factors together deter-

mine information-seeking behaviors. Finally, we discuss

neuromodulators involved in the process. This framework

therefore brings together these disparate literatures to

better understand information-seeking behaviors. This

synthesized framework of information-seeking also pro-

vides testable predictions for future studies.

AN INTEGRATIVE FRAMEWORK
OF INFORMATION-SEEKING

Although most research on information-seeking empha-

sizes factors that promote information-seeking behaviors,

research considering factors that both promote and inhibit

information-seeking in their models is relatively understu-

died. Here, we synthesize prior literature in service of a

framework that considers both individuals’ motivation for

information and their external context. Specifically, we sug-

gest that the integration of motivational state and contex-

tual factors determines information-seeking or avoidance.

Recent research on information-seeking has identified

several motives underlying the demand for information.

We suggest that the common mechanism of how these

different factors moderate information-seeking is

by influencing motivational vigor for information. We

propose that instrumental utility and hedonic utility of

information are the two primary factors that influence

the motivational state to actively acquire information.

Critically, the variety of other factors that influence

information-seeking may do so by either increasing or

decreasing perceived instrumental utility or hedonic util-

ity. More specifically, we suggest that metacognitive

knowledge, which refers to people’s awareness of their

own thoughts and cognitive abilities, or a person’s knowl-

edge or understanding of their prior knowledge, influ-

ences the perceived instrumental utility of information

and that curiosity and perceived agency increases the

perceived hedonic utility of information.

At the same time, there are many situations in which

people actively resist acquiring information, although the

utility of acquiring that information is high (Charpentier,

Bromberg-Martin, & Sharot, 2018; Sweeny, Melnyk, Miller,

& Shepperd, 2010).We propose that different contextsmay

trigger different information-seeking behaviors even when

obtaining the information has the same utility. In other

words, the value of information may not necessarily lead

to the motivation for information-seeking. The behavior

instead depends on the internal and external demands

that influence the translation of value into action. Below,

we highlight a set of factors centered on anxiety that

modulate the relationship between information value and

information-seeking behavior, including threat-related

avoidance, intolerance of uncertainty, social utility, and

the need for cognitive closure. Together, we propose that

when contextual factors that inhibit information-seeking

are absent, intrinsic motivation to seek information leads

to information-seeking. However, increasing levels of anx-

iety will gradually reduce information-seeking behaviors.

Thus, when anxiety reaches a threshold and outweighs

intrinsic motivation, individuals may avoid seeking infor-

mation despite its perceived utility.

RELATIONSHIP TO MODELS
OF EXPLORATION/EXPLOITATION

Exploration behavior, particularly in the context of

explore–exploit decisions (for a detailed review, see

Wilson, Bonawitz, Costa, & Ebitz, 2021), is conceptually

related to information-seeking behavior, in that they

both provide mechanisms by which individuals engage

in learning to reduce uncertainty in the environment.

In this framework, exploration refers to actions that

aim at acquiring new information in the face of multiple

exposures to multiple putative sources of reward, thus

expanding one’s understanding of the environment with

the purpose of facilitating decision-making. This includes

learning driven by a specific desire to acquire decision-

relevant information (i.e., direct exploration) as well

as less goal-driven actions (i.e., random exploration).

364 Journal of Cognitive Neuroscience Volume 36, Number 2
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Exploration in these contexts is often studied in the con-

text of a trade-off with exploitation, which has partici-

pants deciding between accruing rewards from a known

source (i.e., exploitation) versus approaching uncertainty

to decide whether there are other more valuable sources

(i.e., exploration). From a computational perspective,

direct exploration behavior exhibits similarities with

information-seeking behaviors as we describe; however,

the source of what is driving this behavior is quite differ-

ent. Information bonus, which is the estimated long-term

value of information obtained from choosing that option,

increases the value of exploratory options given its role

in reducing uncertainty (Wilson et al., 2021). In this

computational framework, the direct explorer will con-

tinue to explore when there is still an information bonus

for reducing uncertainty (Wilson et al., 2021). Similarly,

as we discussed in our information-seeking framework,

instrumental utility of information increases motivation

for information, which drives information-seeking

behaviors.

However, despite these similarities, the key distinction

between information-seeking in our framework and

exploration behaviors in explore–exploit frameworks is

that the latter is often driven by feedback, particularly

in the context of explicit reinforcement (e.g., a four-

armed bandit gambling task, naturalistic foraging para-

digms). In our information-seeking framework, behaviors

are internally motivated by specific goals and intentions

that do not necessitate feedback. These goals and inten-

tions can either be instrumental (acquiring information

because it is useful for guiding future behaviors) or

hedonic (acquiring information because of the positive

affect induced by information-seeking). Thus, the drives

for information-seeking are purely anticipatory in our

framework and agnostic to iterative feedback. Therefore,

although both information-seeking and exploration share

certain commonalities, their underlying driving forces are

divergent.

There have also been other information-seeking frame-

works that aim to integrate diverse drives of information-

seeking behavior. Sharot and Sunstein (2020) proposed

that instrumental utility, hedonic utility, and cognitive

utility are the three main drives for information-seeking.

Similar to our proposed information-seeking framework,

instrumental utility refers to “the ability to use informa-

tion to select actions that increase extrinsic rewards and

help evade losses” (Sharot & Sunstein, 2020) and

hedonic utility refers to the positive affect induced by

knowledge and information. Moreover, cognitive utility

refers to the idea that information can enhance or reduce

people’s sense that they understand the world around

them. We suggest that the main difference between our

model and Sharot and Sunstein’s model is our model of

information-seeking emphasizes different drives and

the motivation for information, whereas Sharot and

Sunstein’s model discusses the outcomes of information-

seeking.

UNPACKING THE FACTORS THAT INFLUENCE
INDIVIDUALS’ UTILITY FOR INFORMATION

Our framework of information-seeking suggests that

motivation for information is a key predictor of

information-seeking behaviors and that several factors

can influence individuals’ motivational state for informa-

tion. We argue that instrumental utility and hedonic

utility are the two main factors that affect individuals’

motivation to actively seek information. In this section,

we highlight different factors that affect individuals’ inter-

nal motivational state for information by affecting either

the perceived instrumental utility or hedonic utility of

information.

Instrumental Utility

In an extrinsically motivated environment, in which

individuals are driven to perform a behavior based on

external factors, such as rewards and punishments, agents

perform actions based on reinforcement learning rules,

and actions that lead to rewards are reinforced in memory

(Subramanian, Chitlangia, & Baths, 2022; Leong,

Radulescu, Daniel, DeWoskin, & Niv, 2017). Therefore,

individuals are motivated to select actions to maximize

extrinsic rewards, such as food and money, and to mini-

mize losses (Subramanian et al., 2022). Obtaining and

accumulating information can be useful to resolve uncer-

tainty about the connections between actions and

rewards, and to help achieve a goal-oriented behavior

(Gottlieb, Oudeyer, Lopes, & Baranes, 2013). For example,

information obtained from the stock market can aid in

making investment decisions, enabling us to increase

gains and reduce potential losses. Information about

Covid-19 or other viruses can help us prevent disease

spread. The ability to use information to make decisions

to achieve goals is known as the instrumental utility of

information (Sharot & Sunstein, 2020).

Instrumental utility of information is known as

an important driver of information-seeking behaviors.

Recent research found that individuals seek information

based on the utility of said information (Abir et al.,

2022). When other contextual factors are held constant,

individuals prefer information of high utility, compared

with information of low utility (Abir et al., 2022; Sharot

& Sunstein, 2020). For example, in a recent study examin-

ing information-seeking behaviors during Covid-19, partic-

ipants rated the usefulness of either Covid-19-related

questions or general questions, and also rated their will-

ingness to wait to see the answers. Results showed that

individuals who were more concerned about Covid-19

gave higher usefulness ratings to Covid-19-related ques-

tions than the general questions and spent longer time

waiting for Covid-19 answers—a key measure of motiva-

tion to seek information. This is confirmatory evidence

that higher perceived utility leads to higher motivation

for information.

Shen et al. 365
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One of the main factors that we believe influences the

perceived instrumental utility of information is metacogni-

tive knowledge and awareness. It is suggested that there is

an inverted U-shaped relationship between utility and

metacognitive knowledge. Information that individuals

feel they know but actually not is of the highest utility to

reduce uncertainty or guide decisions (Metcalfe & Kornell,

2003). However, there are many facets of prior knowledge

that can influence how it changes information-seeking.

This includes the amount of prior knowledge, metacogni-

tive awareness, and confirmation biases. We next detail

how these factors influence instrumental utility and thus

information-seeking.

Information Priors, Judgment of Learning, and

Confirmation Bias

Information priors refer to one’s knowledge state before

acquiring new information. Individuals use metacognitive

knowledge to decide if additional information is needed

before making a decision, which is known as judgment

of learning. In other words, the ability to think about what

you know and your confidence in that knowledge can dra-

matically influence information-seeking behavior. More

specifically, we propose that individuals prefer seeking

information that they have prior knowledge about but

are not confident about, primarily based on the region

of proximal learning (RPL) theory (Metcalfe & Kornell,

2003, 2005). RPL suggests that when given free choice,

people allocate their time selectively to study items of

intermediate difficulty, rather than items that are easiest

or most difficult. For example, one study (Atkinson,

1972) examining optimal learning strategies suggested

that the most effective learning algorithm involved having

people selectively study the partially learned items com-

pared with items that were easily remembered and

unlearned. This pattern of results suggests that studying

items that are neither too difficult nor too easy to learn

is most important for achieving study goals, indicating

high instrumental utility. Relatedly, results of two behav-

ioral experiments found that people tended to seek more

information about face–name associations in a subsequent

restudy phase for names with feeling of knowing experi-

ence (Brooks, Yang, & Köhler, 2021), suggesting the role

of feeling of knowing experiences in driving information-

seeking behaviors. This further supports the hypothesis

that judgment of learning drives information-seeking and

that information in the RPL is of the highest instrumental

utility in guiding decisions.

The above model suggests that beliefs about prior

knowledge can target information-seeking toward more

adaptive ends. However, prior beliefs might also bias

information-seeking in ways that counter pure instrumen-

tal utility. Previous research has found that participants

value incongruent information less, a phenomenon called

confirmation bias (Vedejová & Čavojová, 2022; Schultz,

1974). A similar bias might exist during information-

seeking. Individuals are known to assign higher values to

information that is consistent with their prior beliefs

and are more motivated to seek that information relative

to disconfirming evidence. In one study examining

information-seeking using four controversial topics, it

was found that people were biased to seek more informa-

tion confirming their positions on a given topic (Vedejová

& Čavojová, 2022). These results suggest individuals value

information consistent with prior beliefs and that this val-

uation drives information-seeking behaviors. One reason

for this may be that confirming prior beliefs elicits positive

feelings, which is known as the hedonic utility of informa-

tion (see section below). Prior knowledge can influence

the hedonic utility of information by inducing curiosity.

It is suggested that detection of knowledge gaps elicits

curiosity (Gruber & Ranganath, 2019). A recent study

investigating prior knowledge and curiosity using a trivia

paradigm showed that curiosity is predicted by people’s

estimate of their current knowledge (Wade & Kidd,

2019). Thus, prior beliefs highlight the importance of

assessing multiple types of utility in guiding motivation

to seek information.

Together, we suggest that the instrumental utility of infor-

mation is a motivational factor that drives information-

seeking behaviors. Factors such as judgment of learning

and confirmation bias influence information-seeking

behaviors by affecting the perceived instrumental utility

of information. Furthermore, acquired information

updates our prior beliefs over time and thus guides fur-

ther information-seeking.

Hedonic Utility

Individuals do not make rational information-seeking

decisions all the time. Often, individuals seek information

of no instrumental utility, such as answers to trivia ques-

tions or knowledge of how magic clips work. Hedonic

utility, the amount of positive feeling and relief that infor-

mation induces, could explain why and when information-

seeking behaviors persist even when they are not driven

by instrumental utility (Kelly & Sharot, 2021; Sharot &

Sunstein, 2020). Information can induce both positive

and negative affect, and individuals prefer seeking infor-

mation that evokes positive affect over negative affect

(van Lieshout, Traast, de Lange, & Cools, 2021). Earlier

studies have indicated that humans tend to be more

inclined to spend money on information when they antic-

ipate positive outcomes, such as information indicating

financial gains, and may even be willing to pay to avoid

information that suggests negative outcomes, such as

information indicating financial loss (Sharot & Sunstein,

2020). This is notable, as both sources of information in

this case have no prominent instrumental utility. In

another study, participants showed a greater preference

for information on gain trials than loss trials, suggesting

individuals seek information that elicits positive emotions

(Levy, 2018).

366 Journal of Cognitive Neuroscience Volume 36, Number 2
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We further propose that individuals might also be moti-

vated to seek information that they anticipate information

would elicit positive affect. This process of simulating

future emotional states is known as affective forecasting

(Wilson & Gilbert, 2005). Individuals have the ability to

envision their emotional state in various scenarios, despite

not having encountered them previously, but it has been

found that people often overestimate the effect that an

upcoming event will have on their happiness and the

intensity of their emotional responses (Gilbert, Driver-

Linn, & Wilson, 2002). We propose that the overestimated

positive affect may drive information-seeking behaviors.

For example, a person might spend a significant amount

of time and resources researching a particular vacation

destination, imagining that the experience will bring them

an extreme amount of joy and satisfaction. However, when

they actually go on vacation, they may find their level of

happiness is not as high as they had anticipated. Despite

this, the initial overestimation of the positive affect may

have still motivated more information-seeking behavior.

Given that hedonic utility of information is a key driver of

information-seeking behaviors, it is predicted that individ-

uals with depression, who are less likely tomaintain positive

affect, are likely to engage in atypical information-seeking

behaviors. This pattern of predicted findings was recently

confirmed in research that found that greater depression

symptoms was associated with a reduced tendency to seek

information (Smith et al., 2022). This is indirect evidence

that hedonic utility of information is a key driver of

information-seeking behaviors.

Hedonic utility also includes relief induced by

information-seeking. According to the uncertainty reduc-

tion theory, uncertainty is accompanied by negative affect

states, such as stress and anxiety (Berger & Calabrese,

1975). Individuals are motivated to reduce uncertainty

because they believe uncertainty reduction will result in

favorable outcomes and alleviate stress. Recent work dem-

onstrated the relationship between uncertainty and

information-seeking (van Lieshout et al., 2021). Using a

non-instrumental lottery task, it has been found that peo-

ple were more curious and more willing to wait for trials

with higher uncertainty about the outcome. Moreover, it

was suggested that acquiring information about a highly

uncertain environment led to the largest uncertainty reduc-

tion. We propose that relief accompanied by uncertainty

reduction drives these information-seeking behaviors.

Similarly, anxiety drives information-seeking as seeking

information reduces uncertainty, which induces relief and

increases perceived hedonic utility of information (Aberg,

Toren, & Paz, 2022). We will discuss more about the effect

of anxiety on information-seeking as a context factor in the

section below (see Threat-related Avoidance section).

Curiosity

Curiosity is defined as the intrinsic motivation to close

information gaps and acquire information (Gruber &

Ranganath, 2019). Curiosity can be elicited both because

of its instrumental utility and its hedonic utility. We focus

here on the hedonic utility of curiosity, as its instrumental

utility can be accounted for by the factors related to infor-

mation priors detailed above. For how curiosity enhances

perceived instrumental utility, which drives information-

seeking, see Gruber and Ranganath (2019). We operatio-

nalize curiosity as a desire for knowledge for its own sake,

even in the absence of instrumental utility. According to

a recent review of curiosity and information-seeking

(Gruber & Ranganath, 2019), curiosity is elicited when

we become aware of gaps in our knowledge or encounter

prediction errors. We are motivated to fill these gaps or

resolve prediction errors with information, the receipt of

which can be rewarding (Bromberg-Martin & Hikosaka,

2009, 2011). In one study, individuals could choose

whether to know the value of their own portfolio, which

was of no instrumental utility. Results showed that partic-

ipants were willing to pay for information about their port-

folio, although this information could not influence the

outcome of their investments (Levy, 2018), confirming

that instrumental utility is not the only drive for informa-

tion. Recent research also suggested that curiosity and

information-seeking behavior are associated with the size

of information gap. People were more curious and willing

to wait for outcomes with higher uncertainty, which leads

to the highest reduction in uncertainty and increase

in positive feeling (hedonic utility), suggesting that

curiosity-driven information-seeking reduces uncertainty,

and increases both the perceived hedonic utility of

information and motivation for information. Consistently,

animal work suggested that monkeys prefer options with

information indicating upcoming primary rewards (such

as water or juice) over uninformative options, although

this choice did not change the reward outcomes

(Bromberg-Martin & Hikosaka, 2009, 2011). More strik-

ingly, monkeys were even willing to give up a substantial

portion of their reward to get this information. Together,

we propose that when instrumental utility alone cannot

determine information-seeking behaviors, curiosity might

be another explanatory factor (Eschmann et al., 2023;

Abir et al., 2022; van Lieshout et al., 2021; Gruber &

Ranganath, 2019; Gottlieb et al., 2013).

Curiosity-driven information-seeking not only reduces

uncertainty but also elicits positive feelings. A study using

trivia question paradigms found that curiosity level was

higher for positive questions than negative ones (van

Lieshout, de Lange, & Cools, 2020), suggesting people

are more curious about positive information than negative

information. Another study using a lottery task found that

people were more curious about gains than losses (Marvin

& Shohamy, 2016). Moreover, individuals also seek

information out of interest. For example, individuals are

curious about magic clips, which are not associated with

information gaps or prediction errors. Taken together,

we suggest that curiosity increases information-seeking

behaviors that either reduce uncertainty or elicit positive
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feelings, suggesting that curiosity leads to information-

seeking by increasing perceived hedonic utility of

information.

Perceived Agency

Perceived agency refers to belief in one’s ability to have

control over the external environment and achieve

desired goals (Leotti & Delgado, 2011, 2014; Leotti,

Iyengar, & Ochsner, 2010). Prior animal and human

research suggests a preference for choice, even when that

choice could not alter outcomes (Wang & Delgado, 2019;

Murty, DuBrow, & Davachi, 2015; Leotti & Delgado, 2011,

2014; Fujiwara et al., 2013). For example, in one study

(Bown, Read, & Summers, 2003), it was found that when

choosing between two options, humans tend to choose

options that lead to a subsequent choice (Bown et al.,

2003), suggesting a preference for having choices. In

another study investigating how perceived agency influ-

ences information valuation ( Jiwa, Cooper, Chong, &

Bode, 2021), it was found that participants placed higher

bids to learn outcomes of trials that they had agency than

lotteries that were randomly assigned (Jiwa et al., 2021),

suggesting that people value outcomes reflect agency

more than outcomes that reflect unchosen actions.

It is suggested that there is a positive relationship

between feelings of control and positive affect (Li, Zhao,

& Yu, 2021; Leotti et al., 2010; Abelson, Khan, Liberzon,

Erickson,&Young, 2008). People gavemore positive ratings

for items that they chose (Fujiwara et al., 2013). Moreover,

most studies examining whether perceived agency influ-

ences participants’ self-reported affective states found that

opportunities to enact agency elicited positive emotions

(Hökkä, Vähäsantanen, Paloniemi, & Eteläpelto, 2017).

Overall, these findings suggest that increased perceived

agency is associated with increased positive affect (Kaiser,

Buciuman, Gigl, Gentsch, & Schütz-Bosbach, 2021), sug-

gesting that perceived agency increases hedonic utility of

information and thus drives information-seeking behaviors.

So far, we have discussed factors that either influence the

instrumental utility or hedonic utility of information. How-

ever, instrumental utility and hedonic utility are not exclu-

sive to each other. Instead, they influence each other.

Instrumental utility can affect hedonic utility. Obtaining

information of high instrumental utility will be more likely

to elicit a positive affect. For example, information that is

consistent with prior beliefs has higher instrumental utility.

Confirming those beliefs also elicit positive feeling. On the

other hand, hedonic utility could also affect instrumental

utility. For example, the anticipation of pleasure experi-

ences during a vacation trip can increase the motivation

to gather travel information and make travel arrangements.

To summarize, we discussed several factors that drive

information-seeking behaviors, and we suggest that the

common mechanism of how these factors promote

information-seeking behaviors is by increasing the

motivational state for information. People are motivated

to obtain information with high instrumental utility

because such information helps maximize rewards and

achieve goals. Information also evokes positive affect,

and individuals are motivated to seek that information to

promote life well-being. We further suggest that factors

such as judgment of learning, curiosity, and perceived

agency promote information-seeking behaviors by either

increasing perceived instrumental or hedonic utility of

information.

SUMMARY OF CONTEXTUAL FACTORS
INFLUENCING INFORMATION-
SEEKING BEHAVIORS

All of the evidence noted thus far illustrates that

information-seeking behaviors are propagated by

increased motivation for information, predominately

driven by its instrumental or hedonic utility. Individuals

differ in their information-seeking behaviors, however,

even if they have equal utility for obtaining that informa-

tion. Emerging research has shown the importance of

context in influencing information-seeking behavior, but

few have elaborated on how contextual factors interact

with internal motivation for information and influence

information-seeking. Therefore, in this section, we high-

light individual difference factors and factors from external

contexts that can modify information-seeking behaviors.

We also summarize how these external factors, together

with motivation for information, influence individuals’

information-seeking behaviors.

Threat-related Avoidance

Prior research on information-seeking has mostly investi-

gated these processes in neutral contexts. However,

information-seeking behaviors have been shown to be

quite malleable, especially when individuals are in uncer-

tain, aversive environments. For example, individuals may

want to know if they will test positive for Covid-19 when

they feel sick, although theymight be highly anxious about

the test results. According to the Prediction, Appraisal,

Curiosity, and Exploration (PACE) framework (Gruber &

Ranganath, 2019), an uncertain environment could trigger

curiosity and exploration if one feels capable of resolving

the uncertainty. However, uncertainty could instead

trigger anxiety and lead to behavioral inhibition if one

believes that one has no ability to cope with the situation.

However, contrary to predictions made by the PACE

framework, recent research on information-seeking

during Covid-19 showed mixed findings regarding anxiety

and information-seeking. One study investigating

information-seeking during the Covid-19 pandemic found

no relationship between anxiety and information-seeking

(Eschmann et al., 2023). It was suggested that curiosity,

but not anxiety, correlated with information-seeking

around Covid-19 (Eschmann et al., 2023). Another study

showed a quadratic relationship between the strength of
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anticipated feelings, such as negative emotions, and

choice for COVID-19 headlines (Niehoff, Mittenbühler, &

Oosterwijk, 2023). Other research (Charpentier et al.,

2022) suggests that seeking information when anxious

may help reduce uncertainty and guide decision-making.

Therefore, it is possible that information gathered under

anxiety may be beneficial and that, in some contexts,

anxiety may increase information-seeking. Indeed, in

one recent study, participants who were more anxious

about Covid-19 sought more Covid-19-related informa-

tion (Charpentier et al., 2022). Several recent findings

have also shown that both trait and state-induced anxiety

increased information-seeking by reducing anxiety

(Aberg et al., 2022; Charpentier et al., 2022; Loosen,

Skvortsova, & Hauser, 2021; Sharot & Sunstein, 2020;

Myrick & Willoughby, 2019).

One of the goals of our framework is to reconcile the

discrepancy between predictions from the PACE frame-

work and the reviewed findings on anxiety-increased

information-seeking. We propose that anxiety moderates

perceived instrumental utility and hedonic utility of

information and that whether an individual seeks infor-

mation depends on the integration of one’s motivation

for information and present anxiety level.

More specifically, we propose that threat decreases

both the perceived instrumental and hedonic utility of

information and thus plays a critical role in reducing the

motivation to seek information. Decreased motivation for

information-seeking could be adaptive under an anxiety

state. Although speculative, it is suggested that when indi-

viduals are in high states of anxiety, cognitive capacity is

limited, which can undermine motivation to seek informa-

tion. Information-seeking under anxiety could lead to infor-

mation overload (Soroya et al., 2021); therefore, anxiety

may reduce the perceived instrumental utility of informa-

tion and information-seeking behaviors. For example, dur-

ing Covid-19, a large amount of information is accessible

online. The available information on Covid-19 could be

overwhelming and conflicting, which further triggers stress

and anxiety. In this situation, instrumental utility of infor-

mation may be reduced and people may start avoiding

information regarding Covid-19 (Soroya et al., 2021).

Importantly, threat not only causes negative emotions

but also diminishes positive feelings. Threat elicits stress,

which is a well-established risk factor for different mental

disorders. Investigations on emotional responses during

threatening situations have revealed that threat reduces

positive affect. In addition, previous studies suggested that

individuals who are more vulnerable to intense negative

emotions during naturalistic stress have a higher probabil-

ity of developing anxiety and depression in the future

(Rackoff & Newman, 2020). Thus, the normal sources of

hedonic utility that might emerge from situations like

curiosity and agency may be absent when individuals are

experiencing high states of anxiety.

In our model of information-seeking, we propose that

integration of context and motivation for information

determines information-seeking behaviors. If the motiva-

tion for information is much higher than anxiety from

the environment, then individuals will still seek informa-

tion. However, in some situations, when their anxiety

level is higher than motivation for information, individ-

uals will avoid information. Future studies that examine

information-seeking behaviors as a function of anxiety

are needed to confirm this hypothesis.

Intolerance of Uncertainty

Intolerance of uncertainty (IU) is a personality trait that a

person’s inclination to struggle with managing uncertain

and vague information (Carleton, Norton, & Asmundson,

2007). Prior work has identified that high levels of IU

increased the risk of developing anxiety disorder and sev-

eral other mental disorders ( Jensen, Cohen, Mennin,

Fresco, & Heimberg, 2016). Individuals who have a high

IU rating are more likely to perceive ambiguous situations

as threatening (Bartoszek, Ranney, Curanovic, Costello, &

Behar, 2022). For example, prolonged anxiety triggered

by high IU might compromise one’s ability to seek useful

information under threat-related uncertainty.

The Covid-19 pandemic has led to a high level of uncer-

tainty environment, resulting in large-scale studies investi-

gating IU and information-seeking in an ecologically valid

setting. However, results in this research domain—as in

many ecologically valid studies—have been mixed. Some

research suggests that seeking Covid-19-related informa-

tion can lead to high stress levels for people with high

IU (Baerg & Bruchmann, 2022). Consistent with this

account, prior work found that high IU evoked anxiety

and reduced information-seeking behaviors (Smith et al.,

2022). However, similar to the contrasting findings

reviewed above regarding threat and information-seeking

(Charpentier et al., 2022), recent research also suggests

that high IU individuals seek information to reduce uncer-

tainty (Bartoszek et al., 2022). It has been shown that

higher IU is associated with higher health monitoring,

suggesting high information-seeking on threat-relevant

information regarding health (Bartoszek et al., 2022;

Rosen, Knäuper, & Sammut, 2007). To summarize, based

on previous research, high IU could decrease or increase

information-seeking behaviors, depending on whether

high IU evoked excessive anxiety or higher motivation to

reduce uncertainty.

Again, to resolve the conflicts in the literature, we pro-

pose that whether IU decreases or increases information-

seeking depends on the level of uncertainty relative to

motivation for information. If the anxiety level triggered

by high IU is higher than motivation for information,

individuals will avoid information-seeking; otherwise,

individuals might still seek information. Other individual

difference factors, such as negative and positive affect

and trait anxiety, are expected to influence information-

seeking behaviors same as IU.
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Need for Cognitive Closure

Need for cognitive closure refers to a preference for defi-

nite information over ambiguous information (Kruglanski,

1989). Similar to IU, the need for cognitive closure differs

across individuals, such that some people make decisions

easily based on limited information whereas others con-

tinue to seek information without making a final decision

(Webster & Kruglanski, 1994). Individuals with a high

need for cognitive closure tend to avoid uncertainty

by relying more on past knowledge to make decisions

(Webster & Kruglanski, 1994). We propose that a high

versus low need for cognitive closure leads to different

information-seeking behaviors, such that individuals with

a high need for cognitive closure tend to seek less infor-

mation than individuals with a low need for cognitive

closure.

Social Utility

Humans are social beings. Their behaviors are usually

influenced by others’ emotions and actions ( Vries,

Backbier, Kok, & Dijkstra, 1995). The presence of other

individuals has been shown to play an important role in

shaping individuals’ behaviors (Asch, 1956). In situations

where there is high uncertainty, people tend to seek cues

from others to determine what is appropriate behavior.

When people perceive that no one else is performing a

particular behavior, they may feel social pressure to con-

form and avoid performing that behavior, such as refusing

to drink alcohol at a party where everyone else is drinking.

Although no one is forcing the individual to drink, they

may feel pressure to conform to the social norm of drink-

ing and avoid being seen as different. Social pressure can

even lead individuals to change their opinions or behav-

iors to conform with their peers (Asch, 1956), including

information-seeking behavior. For example, a student in

a classroom who has a clarification question may hesitate

to ask if they believe that no one else has the same ques-

tion and fear appearing unintelligent. A recent study has

shown that students’ decisions to use Wikipedia were

influenced by their peers, confirming the important role

of peer pressure in influencing information-seeking

behaviors (Chung, 2012). Combined with our model of

information-seeking, we suggest that social pressure

decreases information-seeking when the pressure is

higher than individual motivation for information. On

the contrary, if motivation for information is still higher

than perceived social pressure, people will continue seek-

ing information regardless of social pressure.

There are other social factors, such as in-group/out-

group identity, that could also influence information-

seeking behaviors. In-group and out-group identities can

sometimes inhibit information-seeking behavior by

influencing individuals’ perceptions and attitudes toward

members of different social groups. Social identity theory

(Tajfel & Turner, 1979) suggests that people tend to

categorize themselves and others into social groups and

derive part of their self-esteem from the positive distinc-

tiveness of their in-group compared with out-groups. This

desire for positive distinctiveness can lead to biases and

prejudices against out-groups, affecting information-

seeking behavior. Individuals may be less inclined to seek

information from or about out-groupmembers because of

a perceived threat to their own group identity or a fear of

cognitive dissonance resulting from information that chal-

lenges their in-group’s superiority (Hornsey & Hogg,

2000). Such identity-driven biases can hinder the acquisi-

tion of diverse perspectives and information, potentially

leading to misunderstandings and reinforcing stereotypes

(Dovidio, Love, Schellhaas, & Hewstone, 2017).

To summarize, prior research indicates that contextual

factors, such as threat, IU, social pressure, and need for

cognitive closure might inhibit information-seeking, but

context does not solely determine information-seeking

behaviors. Context instead moderates motivation for

information, and the joint integration of context and moti-

vation for information determines information-seeking

behaviors. We propose that the moderation effect of con-

text could occur at different stages of information-seeking.

However, future studies are needed to confirm themodel.

NEUROMODULATORS SYSTEMS INVOLVED
IN INFORMATION-SEEKING

So far, we summarized factors influencing the internal

motivation for information, and the moderating effect of

external contexts, and reviewed how both factors together

may determine information-seeking behaviors. Although

all of the work that we have reviewed thus far was behav-

ioral and conducted in humans, parallel work using animal

models of motivated behavior and human neuroimaging

have meaningfully illuminated the neural mechanisms

underlying information-seeking. To integrate these two

often siloed fields of information-seeking, we conclude

by identifying plausible neuromodulatory systems

involved in information-seeking and examining how moti-

vation may influence neural processes. We suggest that

our central premise—that motivation for information

and context together influence information-seeking

behavior—is underlaid by a common denominator: sys-

tematic influence of the neuromodulatory systems that

invigorate and inhibit goal-oriented, motivated behavior.

Motivation, the desire to take action, is a complex

process that is critical for survival and involves multiple

behavioral functions mediated by an array of interacting

neural circuits. The neural circuits underlying motivated

behavior are not completely understood (Abir et al.,

2022; Gottlieb, Lopes, & Oudeyer, 2016; Sescousse, Li,

& Dreher, 2015; Düzel, Bunzeck, Guitart-Masip, & Düzel,

2010). However, pharmacological and genetic approaches

have clearly established that dopamine is essential for

motivated behavior (Düzel et al., 2010; Dayan, 2009).

Direct evidence from animal studies showed that mice
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with elevated dopamine exhibit enhanced motivation

(Cagniard, Balsam, Brunner, & Zhuang, 2006). Key

subcortical regions in the motivation-related circuitry—

the VTA, the substantia nigra (SN), and the dopaminergic

(DA) system—are hypothesized to be involved in

exploration behaviors. According to the NOvelty-related

Motivation of Anticipation and exploration by Dopamine

model, novel environments lead to a high motivational

state. Anticipating novel and rewarding environments has

a similar motivational effect, which leads to high tonic

SN/VTA activation and promotes exploratory behavior.

Additional animal research suggested that midbrain

dopamine neurons are capable of signaling preference for

advance information about future rewards (Düzel et al.,

2010). This suggests that the motivational circuit (SN/

VTA) is involved in information-seeking. Prior human

research also found that information-seeking is associated

with increases in activity and functional connectivity within

themesolimbic DA system (Lau,Ozono, Kuratomi, Komiya,

&Murayama, 2020; Brydevall et al., 2018; Charpentier et al.,

2018). Specifically, increased functional connectivity

between the VTA and NAcc has been for information cues,

suggesting that the DA system is important for information-

seeking behaviors (Charpentier et al., 2018). Increased acti-

vation in the SN/VTA and ventral striatum has also been

found for information about upcoming gains (Charpentier

et al., 2018).

Critically, some of the cognitive factors we have high-

lighted as driving the hedonic value of information-

seeking also reliably engage the mesolimbic system.

Research on curiosity found increased DA midbrain (SN/

VTA) activity for high curiosity items (Eschmann et al.,

2023; Gruber & Ranganath, 2019; Charpentier et al.,

2018; Oosterwijk, 2017; Gruber, Gelman, & Ranganath,

2014). Similarly, research on perceived agency suggests

that having the opportunity to make choices modulates

the mesolimbic dopamine system (Murty et al., 2015;

Leotti &Delgado, 2011). For example, in amemory encod-

ing task where participants’ sense of agency was manipu-

lated, such that, during encoding, participants either had

agency to choose information to encode or were given

forced choices, researchers found that the DA midbrain

(i.e., the VTA) showed greater activation for encoding with

choices than encoding without choices (Murty et al.,

2015). Additional research suggests that anticipation of

making choices is associated with increased activity in

the ventral striatum (Wang & Delgado, 2019). This is fur-

ther evidence that the DA pathway plays an important role

in information-seeking behaviors. Research investigating

the sense of agency in personality and substance users also

confirms the hypothesis that dopamine plays a crucial role

in the perception of agency. Recent work found that

narcissism and substance use were associated with a

weaker sense of agency compared with controls (Render

& Jansen, 2019) and it was suggested that higher dopamine

accessibility increases the sense of agency and vice versa

for lower dopamine accessibility (Render & Jansen, 2019).

More direct evidence for the role of mesolimbic engage-

ment in information-seeking comes from studies examin-

ing patients with alterations in DA functions, such as

Parkinson’s disease, schizophrenia, and depression

(Meder, Herz, Rowe, Lehéricy, & Siebner, 2019; Brisch

et al., 2014). Given that dopamine function is thought to

play a role in information-seeking, abnormal DA function

may lead to atypical information-seeking behaviors.

Consistent with this hypothesis, patients with depression

displayed atypical information-seeking behaviors (Sharot

& Sunstein, 2020; Camp, 1986), potentially confirming

the role of the DA system in information-seeking. Another

study directly tested the role of dopamine in information-

seeking by administration of an antagonist that showed

that levodopa altered non-instrumental information-

seeking about potential losses, which further confirms

that dopamine is important for information-seeking

(Vellani, de Vries, Gaule, & Sharot, 2020).

Relatedly, multiple studies explore the roles played by

neuromodulators, primarily NE and dopamine (DA), in

the dynamics of explore–exploit behaviors, which often

show contradictory findings as how we described these

systems contribute to information-seeking through the

lens of anticipation. Chen, Mueller, Knep, Ebitz, and

Grissom (2023) used DA and NE receptor agonists and

antagonists and found that the DA activity has an inverse

relationship with exploration (Chen et al., 2023). Similarly,

Chakroun, Mathar, Wiehler, Ganzer, and Peters (2020)

investigated the role of DA in human exploration, and they

found that levodopa diminishes directed exploration,

which is contrary to the predictions of our framework of

information-seeking wherein DA facilitates information-

seeking behavior (Chakroun et al., 2020). As we detailed

above, our framework emphasizes motivations for

information-seeking, instead of feedback-driven learning.

The above-referenced studies focus on the role of DA at

the outcome phase of exploration, such as expected

rewards or reward uncertainty, which explains the discrep-

ancy between the finding and our proposed framework

and parallels the differences in information-seeking in

our model versus those addressed by exploration–

exploitation trade-offs.

Consistent with our framework, Cremer, Kalbe, Müller,

Wiedemann, and Schwabe (2023) found an increase in

exploration behaviors at the beginning of the task for

the amisulpride group compared with the placebo group,

which is when the influence of feedback-driven learning

is at its lowest and individuals may rely more on

anticipatory/intrinsic signals (Cremer et al., 2023). In terms

of NE, Dubois et al. (2021) found NE’s role in random

exploration, such that NE facilitates random exploration

(Dubois et al., 2021). We speculate that in the context of

information-seeking, DA is involved in information-

seeking under a safe environment whereas NE is more

involved in information-seeking under anxiety.

We also acknowledge the interplay between phasic and

tonic locus coeruleus (LC) activity is important during
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information-seeking. Phasic bursts of NE release can signal

the need to explore and gather new information when

unexpected or salient events occur. Meanwhile, tonic LC

activity helps maintain a state of alertness and readiness

for ongoing information-seeking and decision-making.

However, studies supporting this trade-off have mainly

been studied in the context of explore–exploit decisions

and future work is necessary to determine whether similar

effects would be present in our information-seeking

framework.

NEUROMODULATORY SYSTEMS INVOLVED IN
INFORMATION AVOIDANCE

Prior research found that animals either freeze or activate

fight-or-flight reactions in threatening environments

(Roelofs, 2017). We propose that this behavioral inhibition

such as information avoidance under high anxiety is simi-

lar to freezing under stress. Freezing refers to behavioral

inhibition accompanied by heart rate deceleration. Studies

in rodents have found that the amygdala is involved in

freezing behaviors, such that stimulation of the central

nucleus of the amygdala results in freezing (Kapp,

Frysinger, Gallagher, & Haselton, 1979). On the basis of

our model of information-seeking, under a high anxiety

context (i.e., when anxiety outweighs motivation for infor-

mation), individuals will inhibit information-seeking.

Given that prior research has suggested that the amygdala

plays a role in freezing behaviors under stress, we propose

that the amygdala might also be involved in the inhibition

of information-seeking behaviors.

NE plays a critical role in regulating behaviors under

threat, such as behavioral inhibition. The noradrenergic

neurons are present in the LC and amygdala (McCall

et al., 2017). Prior research showed that noradrenaline-

depleted animals performed an avoidance task faster than

controls (Mason & Fibiger, 1979), suggesting that NE is

important for inhibition. Other stress hormones, such as

stress-induced cortisol levels and glucocorticoids also play

an important role in freezing behaviors (Buss, Davidson,

Kalin, & Goldsmith, 2004; Kalin, Shelton, Rickman, &

Davidson, 1998). Therefore, we propose that NE and other

stress hormones might be important during information

inhibition and avoidance. Future studies are needed to

confirm the role of NE during information avoidance.

What is more, prioritization and selection are essential

for adaptive behavior under threat, which is the opposite

of exploration and information-seeking observed in a safe

environment. NE has been suggested to be involved in

attentional narrowing to process only threat-related infor-

mation (Clewett & Murty, 2019), which is at odds with

increases in information-seeking and exploration. Further-

more, pharmacological studies have supported the

attention-narrowing view by showing that NE facilitates

top–down selective attention (Robbins & Arnsten, 2009).

Although speculative, it could be inferred that under

threat, attention narrowing caused by NE release could

prevent information-seeking, which leads to inhibition of

information-seeking.

In terms of NE, Dubois et al. (2021) found NE’s role in

random exploration, such that NE facilitates random

exploration. We speculate that in the context of

information-seeking, DA is involved in information-

seeking under a safe environment whereas NE is more

involved in information-seeking under anxiety.

We also acknowledge the interplay between phasic and

tonic LC activity is important during information-seeking.

Phasic bursts of NE release can signal the need to explore

and gather new information when unexpected or salient

events occur. Meanwhile, tonic LC activity helps maintain

a state of alertness and readiness for ongoing information-

seeking and decision-making. However, studies support-

ing this trade-off have mainly been studied in the context

of explore–exploit decisions and future work is necessary

to determine whether similar effects would be present in

our information-seeking framework.

CONCLUSION

We propose that information-seeking behavior is deter-

mined by both an individual’s internal motivation for

information and their external context. We further pro-

pose that instrumental utility and hedonic utility of infor-

mation are two main factors that influence motivation for

information. Several factors, such as judgment of learning,

curiosity, and perceived agency, influence motivation for

information by affecting either instrumental utility or

hedonic utility of information. We summarized contextual

factors, including threat-related avoidance and social influ-

ence, and individual differences, such as IU and the need

for cognitive closure, that might inhibit information-

seeking. More importantly, we showed howour integrated

framework of information-seeking explains the mixed

findings regarding anxiety and information-seeking.

Our framework generates several testable predictions for

future work. Different from prior models of information-

seeking, our framework emphasizes on dynamic balance

between internal motivation for information and contexts.

It will be necessary for future work to examine if

information-seeking behaviors decrease as a function of

anxiety in the environment given the same motivation for

information. Similarly, it would also be interesting to con-

firm given the same context, whether information-seeking

behaviors increase as a function of motivation for informa-

tion. Given that information-seeking enhances memory

encoding, it is also predicted that factors that influence

information-seeking could have downstream effects on

memory. Future studies in memory are needed to test this

framework of information-seeking.

Corresponding author: Vishnu P. Murty, Department of Psy-
chology and Neuroscience, Temple University, Philadelphia,
PA, 19122, or via e-mail: vishnu.murty@temple.edu.
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Diversity in Citation Practices

Retrospective analysis of the citations in every article pub-

lished in this journal from 2010 to 2021 reveals a persistent

pattern of gender imbalance: Although the proportions of

authorship teams (categorized by estimated gender iden-

tification of first author/last author) publishing in the Jour-

nal of Cognitive Neuroscience ( JoCN) during this period

were M(an)/M = .407, W(oman)/M = .32, M/W = .115,

and W/W = .159, the comparable proportions for the arti-

cles that these authorship teams cited were M/M = .549,

W/M = .257, M/W = .109, and W/W = .085 (Postle and

Fulvio, JoCN, 34:1, pp. 1–3). Consequently, JoCN encour-

ages all authors to consider gender balance explicitly when

selecting which articles to cite and gives them the oppor-

tunity to report their article’s gender citation balance.
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