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ABSTRACT—We live in the information age. Broad access

to vast troves of information can benefit society consider-

ably, providing conduits for inquiry by individuals of all

ages, enabling the spread of important information to pre-

viously isolated populations, and facilitating social con-

nections across the globe. However, inundated with

information from an ever-expanding array of sources, we

also live in the misinformation age. Thus, it is of para-

mount importance to raise the next generation to

approach the world through an empirical, evaluative lens,

and to work to foster the development of habits of mind

that will guide how children engage with the world. In this

article, I present a new theoretical framework for investi-

gating children’s engagement in and understanding of

three key steps in the empirical process: (a) asking ques-

tions and forming a hypothesis, (b) collecting and analyz-

ing data, and (c) communicating evidence. I discuss

young children’s capacities for engaging in each step as

well as the obstacles they may encounter in doing so, and

suggest approaches for researchers working toward this

pressing societal goal.

KEYWORDS—empirical reasoning; science literacy; social

learning; causal learning; selective trust

Vaccines cause autism. Human activity does not cause climate

change. Men are smarter than women. Each of these claims is

empirically testable and demonstrably false. Yet, millions of

people believe them. Ensuring that we have a populace that

approaches the world with a critical, evaluative lens is a press-

ing issue facing society. Individuals must be able to assess

whether a wide variety of claims are supported by sufficient

data, as well as understand when and how to dig deeper to

understand a problem. These capacities are foundational not

only in science, technology, engineering, and math (STEM)

fields but also across all academic disciplines and the lifespan.

Society is increasingly inundated with information, with eroding

and sometimes insufficient institutional checks on what is

authoritatively true. Thus, it is crucial to ensure that the next

generation of children develops practices that allow them to use

their basic capacities for reasoning about evidence on problems

and questions they encounter in their lives. I term these prac-

tices scientific or, to emphasize their importance across a

broader range of subject areas, empirical habits of mind. These

include not just the basic cognitive capacities for empirical rea-

soning, but their use across content domains and contexts, even

in the face of obstacles.

How and when do young children develop the basic capacities

necessary to navigate an information-rich, complex world?

Research in cognitive development suggests that young children

can track, produce, and make inferences from probabilistic, sta-

tistical evidence (Gopnik, 2012), and that these capacities

develop over childhood and adolescence (Kuhn et al., 1988).

Thus, children seem to have the prerequisite capacities for sev-

eral types of empirical reasoning. However, although adults

clearly possess these same capacities, and likely in substantially

more sophisticated form, we routinely fail to assess evidence

critically. What explains this disconnect and how can a develop-

mental lens help rectify it?

Science itself is a set of practices by which we assess evi-

dence. These practices are fundamentally shaped by the social

contexts in which they occur. From STEM to history to politics

to economics, reasoning about evidence is a collective process
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in which we ask questions, consider evidence, and draw conclu-

sions with and for each other. This is true in both formal educa-

tional contexts and our everyday lives: Teachers, parents, and

peers suggest questions to ask, select evidence to consider, and

frame the discussion about what to conclude.

Given its fundamentally social nature, understanding the

development of empirical reasoning through this lens is critical

to combatting misinformation. To support the goal of fostering

empirical habits of mind in young children, we must understand

the basic cognitive foundations on which these habits are built

and identify the obstacles preventing children from using those

capacities. Moreover, as the complexity and nuanced nature of

the problems and evidence children face increase across devel-

opment, the fundamentally social nature of the empirical process

may play an increasingly central role in how well they use their

basic empirical reasoning capacities.

A NEW THEORETICAL FRAMEWORK

To build a foundation for investigating and fostering the devel-

opment of empirical habits of mind, I propose a new theoretical

framework (see Figure 1) that breaks empirical reasoning into

distinct components. Empirical reasoning encompasses a broad

set of capacities and requires children to coordinate several key

steps. Each step involves recruiting the relevant cognitive

capacities to engage in and reason about the specifics of the

step, as well as navigating obstacles to using those capacities.

This framework lays out three steps in the empirical process,

the capacities young children have at their disposal, and the

obstacles they may face in using those capacities, particularly in

a social context.

The first step is asking questions and forming a hypothesis:

recognizing opportunities to learn new information or revise cur-

rent hypotheses, generating expectations, and forming predic-

tions. The second step is collecting and analyzing data:

identifying and actively gathering relevant evidence, analyzing

it, and making valid inferences. The third step is communicating

evidence: using evidence and analysis to fulfill various social

goals, including teaching, persuading, and deceiving. Next, I

discuss research illustrating children’s ability to navigate each

of these three steps and the reasons children might struggle to

use these capacities in a social context. I conclude by returning

to the question of empirical habits of mind, discussing how we

can work toward fostering them in early childhood to give chil-

dren the tools and practices they need to navigate the complex

informational landscape of the modern world.

Step 1: Asking Questions and Forming Hypotheses

The first step in inquiry is recognizing an unresolved problem

and generating one or more questions or hypotheses. This step

includes identifying patterns, noticing information that conflicts

with current beliefs, recognizing ambiguous or confounded evi-

dence, and posing questions or making predictions in ways that

support a clear conclusion.

Capacities

Before formulating a question or hypothesis to guide inquiry,

children must notice that there is a problem to be solved. One

Figure 1. Proposed theoretical framework for investigating children’s empirical reasoning.
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experience that helps children identify relevant problems is hav-

ing their expectations violated. Both infants and preschoolers

are sensitive to inconsistencies and violations of expectations,

and explore selectively to resolve them (Legare, Gelman, &

Wellman, 2010; Stahl & Feigenson, 2015). Preschoolers recog-

nize when causal evidence is ambiguous and explore selectively

to resolve that ambiguity (Schulz & Bonawitz, 2007). Children

are more likely to ask questions when they lack knowledge

(Chouinard, 2007) and recognize when someone’s response lacks

clarity (Pratt & Bates, 1982). Whether they have explicit knowl-

edge of their own uncertainty is less clear, although given appro-

priate training on a scale representing uncertainty, children as

young as 3 years can appropriately gauge their certainty about

different events (Lyons & Ghetti, 2011).

Once they have recognized an inconsistency, children must

generate a hypothesis or question aimed at resolving it. The ear-

liest form of asking questions is arguably interrogative pointing

(Begus & Southgate, 2012). As children begin to acquire the lin-

guistic forms necessary to ask explicit, verbal questions, they

learn to do so purposefully, asking appropriate questions aimed

at closing a gap in a particular domain of knowledge (Callanan

& Oakes, 1992; Chouinard, 2007). They also selectively direct

questions to individuals with relevant expertise (Mills, Legare,

Grant, & Landrum, 2011) and can identify which questions will

likely lead to gaining the most information (Ruggeri, Sim, & Xu,

2017).

Young children’s ability to formulate hypotheses is less well

explored. Evidence from open-ended exploration tasks suggests

that children sometimes generate their own explanations for

events spontaneously (e.g., Legare et al., 2010). Perhaps the best

evidence that young children generate hypotheses explicitly

comes from work in social cognition, which suggests that chil-

dren seek to explain unexpected behavior in terms of a shift in

an individual’s goals (Wellman & Woolley, 1990).

Young children also show a developing ability to evaluate

possible hypotheses, as seen in work on children’s evaluation of

others’ claims and conjectures. Between ages 3 and 7, children

learn to distinguish between claims that are made based on suf-

ficient evidence and those that are made based on insufficient

evidence (Butler, Schmidt, Tavassolie, & Gibbs, 2018), and to

evaluate whether a conjecture is reasonable given the events

related to it (Chu & Schulz, 2018). Furthermore, at least with

sufficient scaffolding, 4- to 6-year olds can select which of two

proposed causal mechanisms better fits the evidence (Magid,

Sheskin, & Schulz, 2015).

Obstacles

Clearly, children can take part in and evaluate asking questions

and forming hypotheses. However, several factors may challenge

children’s use of these capacities. The process of identifying rel-

evant questions is shaped inherently by children’s prior knowl-

edge and expectations, as well as by the social context in which

they encounter the evidence. Although by preschool age, most

children can make basic causal inferences from probabilistic

evidence (see Gopnik, 2012), whether they do so may be influ-

enced by social input from adults. For example, framing a cau-

sal problem verbally is critical to enabling children to extract

relevant causal evidence (Butler & Markman, 2012a). Further-

more, whether adults deliberately demonstrate evidence shapes

the extent to which children use that evidence to guide their

causal inferences, such as whether that evidence is generaliz-

able (Butler & Markman, 2012b, 2016) and important (Butler &

Markman, 2014; Yu & Kushnir, 2016). Just as important as

what adults choose to frame or point out is what adults neglect

to address even when they could have. For example, if a child

witnesses an event or action that could elicit surprise or uncer-

tainty, an adult’s failure to note or draw attention to that event

or action could be seen as an indication that it does not warrant

further questioning or investigation.

With respect to asking questions in everyday life, the kinds

of questions children ask, as well as to whom and in what con-

texts questions are considered appropriate, are subject to vari-

ous social constraints. Also, the ways asking questions and

inquiry more broadly are socialized vary across cultures and

even across social groups within cultures (see Callanan, Solis,

Casta~neda, & Jipson, 2020). This may present an additional

obstacle because children need to learn how to map their ques-

tions onto the inquiry behaviors that are valued and expected in

their society.

With respect to forming hypotheses, the hypotheses that chil-

dren consider plausible are likely shaped by what they already

believe to be true. Indeed, it is notoriously difficult to overturn

prior beliefs, even when they are wrong, so even entertaining a

hypothesis that conflicts with already-held beliefs can be chal-

lenging. However, few studies have explored how social factors

influence children’s formation of hypotheses. As with question-

ing, it may be a key. For example, children are far more likely

to consider revising their beliefs when counterevidence is scaf-

folded in some way by an adult, through prompts for explana-

tion, presentation of a diverse set of counterevidence, or explicit

verbal testimony (Macris & Sobel, 2017).

Step 2: Collecting and Analyzing Data

Having identified a question and generated hypotheses, children

must reason about and then gather, analyze, and draw conclu-

sions from data.

Capacities

Even young infants can tailor their exploration to help resolve

uncertainty (Stahl & Feigenson, 2015), and before their second

birthday, toddlers are sensitive to both the evidence and the pro-

cess by which it was produced in guiding their exploration

(Gweon, Tenenbaum, & Schulz, 2010). By preschool age, chil-

dren are expert explorers, engaging selectively with uncertain

causal relations more than with certain causal relations (Legare

et al., 2010; Schulz & Bonawitz, 2007), and crafting informative
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interventions to test which variables are causally efficacious

(Cook, Goodman, & Schulz, 2011).

Whether having gathered evidence themselves or having had

evidence presented to them, young children are adept at draw-

ing inferences from minimal data. By preschool age, children

use patterns of statistical evidence to distinguish causation from

correlation (Schulz & Gopnik, 2004), support some basic coun-

terfactual reasoning (Harris, German, & Mills, 1996), and iden-

tify relevant and informative interventions (Kushnir & Gopnik,

2005; Sobel & Sommerville, 2009).

Obstacles

Taken together, this work paints a picture of young children as

attending to, actively producing, and drawing conclusions from

patterns of evidence in much the way adult scientists do.

Indeed, at least provided that children have access to or the

ability to generate relevant data, this seems to be the step of the

empirical process at which children are most clearly competent.

Yet, several factors can undermine children’s successful use of

these capacities.

First, in aiming to investigate the earliest roots of empirical

competency in young children, cognitive developmental

researchers have often relied on methodological approaches that

arguably oversimplify the problems children face in grappling

with probabilistic data. This is necessary to determine what

early capacities children possess. But the empirical world chil-

dren encounter in their lives, let alone that faced by adults, is

far more complex, opaque, and challenging to navigate than that

presented to children in most laboratory experiments. Thus, this

literature may present an overly optimistic view of the child as

scientist. Indeed, older children, and in some cases even adoles-

cents, struggle with more complex scientific problems that

require them to engage with a larger number of more abstract

variables (Chen & Klahr, 1999; Kuhn & Dean, 2004), even

though such reasoning relies on basic mechanisms that children

as young as preschool age possess.

Second, as mentioned earlier, all evidence has a social history

and all scientific reasoning has fundamentally social compo-

nents. Thus, how children decide what evidence to attend to

and what conclusions to draw could be influenced by how evi-

dence is framed and produced (Butler & Markman, 2012a,

2012b, 2014, 2016; Yu & Kushnir, 2016), as well as by broader

social factors such as conformity, consensus, and group affilia-

tion (Chen, Corriveau, & Harris, 2013; Haun, Rekers, & Toma-

sello, 2012).

Step 3: Communicating Evidence

Finally, having asked empirical questions and gathered data to

support evidence-based inferences, children must evaluate and,

perhaps to a lesser extent, at least early in childhood, engage in

the process of conveying knowledge to others. Having taken part

in the empirical process, scientists need to communicate their

work, adhering to norms of scientific integrity. Thus, it is

important to ask how children evaluate communicating evidence

and whether they learn norms for communicating evidence that

align with principles of scientific integrity. Children rely on

adults to frame, present, and convey much of the evidence they

encounter. They cannot simply be passive recipients of informa-

tion, but must selectively evaluate the information others con-

vey.

Capacities

Evidence from many studies suggests that children do not

receive information passively. Children selectively judge others’

trustworthiness based on past accuracy (Koenig & Harris,

2005), logical consistency (Doebel, Rowell, & Koenig, 2016),

and access to knowledge (Brosseau-Liard & Birch, 2011),

among other factors (see Harris, Koenig, Corriveau, & Jaswal,

2018, for further review). Children also rate the helpfulness and

informativeness of teachers based on the thoroughness of their

transmission of information (Gweon, Pelton, Konopka, & Schulz,

2014), suggesting that they have expectations for how informa-

tion should be communicated.

Furthermore, when asked to teach a concept to a na€ıve lear-

ner, preschoolers select a diverse and representative sample of

evidence (Rhodes, Gelman, & Brickman, 2010). They can flexi-

bly select different patterns of evidence to lead others to draw a

specific true or false conclusion (Rhodes, Bonawitz, Shafto,

Chen, & Caglar, 2015). These findings suggest that young chil-

dren recognize that the evidence they choose to communicate

has consequences for what others learn, and that they tailor their

actions to the pedagogical benefit of learners. Although more

work is needed, especially on whether children have explicitly

normative expectations for how to communicate evidence, chil-

dren clearly have some basic capacities for reasoning about

transmitting evidence.

Obstacles

As communication is intrinsically social, social factors can play

an important role in undermining children’s reasoning about

communicating evidence. First, as mentioned earlier, children

are very sensitive to conformity and consensus. Second, even

absent a consensus, a confident claim from one individual may

be difficult to reject outright, especially if children assume that

individual to be knowledgeable because they have relevant

expertise or are an adult. Indeed, communication works because

we assume that communicators provide accurate, clear, relevant

statements (Grice, 1975). Adults are unlikely to reject state-

ments, even false ones, unless they are paying close attention,

the claim is implausible or incoherent, or the source is untrust-

worthy (Lewandowsky, Ecker, Seifert, Schwarz, & Cook, 2012).

Children are sensitive to similar constraints (Harris et al.,

2018), but may accept plausible claims from relatively trustwor-

thy sources unless the claim is clearly invalid (e.g., because it

conflicts with a claim from someone with more knowledge; But-

ler et al., 2018). Third, as with data collection and analysis, both
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the influence of consensus and a default tendency to accept

claims as true may be especially strong in cases in which factors

like group membership and authority come into play.

FOSTERING EMPIRICAL HABITS OF MIND

Children possess basic building blocks for empirical reasoning

by the time they enter formal schooling. They can recognize

gaps in their knowledge or inconsistencies that need explaining,

and they can formulate ideas about how to resolve them. They

can generate evidence and base conclusions on minimal data,

and show some ability to evaluate others’ engagement in this

process. They also know that some ways of transmitting informa-

tion and evidence are preferable over others. Yet at each step of

the empirical process, children face obstacles that could make

using these capacities to draw accurate conclusions challenging.

Today, raising children who are motivated and prepared to

engage with the world through an evaluative, empirical lens is

of the utmost importance. How can developmental scientists

studying basic processes of learning and reasoning generate

important, useful knowledge to help support this goal?

Simply investigating the roots and development of children’s

understanding of and engagement in the empirical process is a

necessary but insufficient step. Beyond mapping the develop-

ment of key critical thinking capacities in childhood, develop-

mental researchers must directly address when those capacities

fail to lead children to draw the correct evidence-based conclu-

sions, and they should develop and test strategies to help chil-

dren overcome the obstacles to using their empirical reasoning

capacities. Many (though not all) of these barriers are social.

They include relying on others to point out discrepancies and

frame causal problems and treating social cues as an indication

of importance and relevance (and their absence as indication of

a lack of importance). They are also affected by broader social

factors such as conformity, consensus, group pressures, and

prestige or authority. The fundamentally social nature of the

empirical process is a double-edged sword, and engaging with

the promises and pitfalls that come with any sociocultural prac-

tice could help children learn how to participate in the process

successfully.

Central to this endeavor may be recognizing that science is

more than a set of capacities—it is a set of habitual practices.

Indeed, the notion of science as a set of practices to be fostered

by parents and teachers is a key component of recent frame-

works for guiding science education, such as the Next Genera-

tion Science Standards (GSS Lead States, 2013). These

practices are inherently grounded in the social world. One of

children’s principal jobs is to learn how they are expected to

engage with and behave in society, and much of this involves

learning the social norms of their culture (Tomasello, 2019). If

science is a cultural practice, then establishing social norms

around empirical practices could be key to fostering empirical

habits of mind, especially as children face more complex

problems and evidence as they develop. For example, adults

can build on children’s tendency to explore to resolve uncer-

tainty by establishing norms of looking for, being curious about,

and focusing on such instances. As inconsistencies can often be

subtle or easily overlooked, encouraging children to regularly

seek inconsistencies could be particularly effective.

Adults can also communicate norms about asking what we do

and do not know about a particular problem and how and from

whom we know what we know, and encourage children to

actively question what we believe to be true. Also, adults can

reinforce norms around communicating evidence, such as stating

claims only when one has sufficient knowledge, being fully

transparent about what conclusions are licensed by a pattern of

evidence, and presenting evidence honestly. Such norms, and

an awareness of what might indicate their violation, can help

insulate children from deliberate misuse of evidence. In foster-

ing these norms, scaffolding how parents and children talk about

evidence could be key. Indeed, parents’ epistemological orienta-

tion toward evidence and knowledge influences how they and

their children discuss evidence (Luce, Callanan, & Smilovic,

2013), suggesting that conversations between parents and their

children might be a promising way to convey norms and prac-

tices around engaging with and communicating evidence.

Researchers should seek to identify the habits of mind adults

should focus on and the approaches that are most effective. Lev-

eraging children’s attention to social norms could be a powerful

way to instill a habit of approaching the world empirically. By

investigating children’s understanding of and engagement in the

empirical process before and as they enter formal education,

researchers who use the theoretical framework I have presented

can help inform approaches parents and teachers can use to fos-

ter empirical habits of mind in early childhood. In so doing, they

can also help prepare the next generation to harness the power

of information while avoiding the pitfalls of misinformation.
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