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Bold ideas, unjustified anticipations, and 
speculative thought, are our only means for 
interpreting nature … (Popper, The Logic of 
Scientific Discovery)

INTRODUCTION

The history of science is full of remarkable discover-
ies but it is also renowned for speculative conjectures 
that were ultimately abandoned. Scientists posited the 
existence of a luminiferous aether to explain how light 
traveled through a vacuum, phlogiston to explain the 
behavior of fire, and elan vital to explain life itself. All 
of these ideas were ultimately discredited but today, 
other suppositions that have not been directly confirmed 
(e.g., the existence of dark matter and dark energy) play 
powerful explanatory roles. Faced with otherwise unan-
swered questions, we must sometimes entertain claims 
whose primary value lies, not in how certain we are of 
their truth, but in how certain we are that—if they were 
true—they would provide a solution to our problems.

But our willingness to entertain potentially explan-
atory but unproven speculations extends far beyond 
the realm of scientific inquiry. The comedian Stephen 

Colbert mocked politicians’ readiness to accept plausi-
ble but unsubstantiated arguments as a predilection for 
“truthiness” over “truth” (cf: at the time of this writing, 
the conjecture that disinfectants might kill COVID-19 
inside our bodies as well as out). However, we suggest 
that our ability to accept proposals based merely on the 
possibility that they could answer a question is not (just) 
a bug but also a feature of human cognition. Conjectures 
go beyond available knowledge and data but they are 
not entirely unconstrained; even the wildest speculation 
must, in principle if not in practice, provide an answer 
to the question under discussion. Insofar as one of the 
most challenging problems of human cognition is not 
distinguishing among competing hypotheses but gener-
ating them in the first place, even proposals advanced 
without evidence, by uncertain speakers, and in tension 
with prior expectations may be worth considering if they 
offer possible solutions to otherwise unresolved prob-
lems. Further investigation can then establish whether 
the hypotheses should be pursued or rejected.

We suggest that a willingness to entertain claims 
merely on the basis of their explanatory power is a per-
vasive aspect of human cognition, beginning in very 
early childhood. However, while many studies have 
looked at how children evaluate both the quality of the 
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explanations they receive and the reliability of their in-
formants, such work has focused almost uniformly on 
whether children correctly reject improbable, unreliable, 
or unsubstantiated claims in favor of information that is 
trustworthy, verified, and consistent with the integration 
of evidence and prior knowledge. To our knowledge, no 
studies have looked at situations in which either adults or 
children might (appropriately) reject known information 
in favor of the unknown. Here we look at the conditions 
under which people might reasonably endorse conjec-
tural claims.

Contrary to early assumptions about the credulity of 
children (Clark, 1995; Piaget, 1929; Prentice & Gordon, 
1987; Prentice et al., 1978), and despite the importance 
of pretense and fantasy in children's lives (Harris, 2000; 
Lillard, 2001; Lillard et al., 2011; Sharon & Woolley, 
2004; Taylor et al., 1993; Walker et al., 2015; Weisberg 
& Gopnik, 2013; Woolley, 1995), even 3- and 4-year-olds 
do not adopt fanciful, speculative claims willy nilly (see 
Harris et al., 2018; Ronfard et al., 2018; Shafto et al., 2012; 
Sobel & Kushnir, 2013; Sperber et al., 2010; Woolley & 
Ghossainy, 2013). Children evaluate the reliability of 
their informants in increasingly sophisticated ways from 
preschool through middle childhood (Clément, 2010; 
Gweon et al., 2014; Koenig et al., 2004; Koenig & Harris, 
2005; Koenig & Woodward, 2010; Pasquini et al., 2007). 
They are sensitive to the strength of the evidence they ob-
serve (Bridgers et al., 2016; Butler et al., 2018), the prior 
probability of testimony (Chan & Tardif, 2013; Clément 
et al., 2004; Jaswal, 2004; Koenig et al., 2004; Koenig & 
Echols, 2003; Ma & Ganea, 2010), the informant's past 
accuracy, knowledge, and expertise (Danovitch & Keil, 
2004; Koenig & Harris, 2005; Koenig & Jaswal, 2011; 
Kushnir, 2013; Kushnir et al., 2013; Landrum et al., 2013; 
Nguyen, 2012; Sobel & Corriveau, 2010; Sobel & Macris, 
2013; Vanderborght & Jaswal, 2009), and the situational 
and epistemic constraints the informant is under (Butler 
et al., 2018; Einav & Robinson, 2011; Flavell, 1988; 
Nurmsoo & Robinson, 2009; Senju et al., 2011).

This does not mean that all of children's evaluation 
of informants is epistemically justified. Preschoolers 
have a general bias in favor of agents who are friendly 
(Brosseau-Liard & Birch, 2010; Landrum et al., 2013), 
familiar (Reyes-Jaquez & Echols, 2013), attractive 
(Bascandziev & Harris, 2014; Fusaro et al., 2011), mem-
bers of their in-group (Elashi & Mills, 2014; Kinzler 
et al., 2011; MacDonald et al., 2013; Plötner et al., 2015; 
Wood et al., 2013), or part of a majority (Chen et al., 
2012; Corriveau & Harris, 2010; DiYanni et al., 2015; 
Morgan et al., 2014). Children are also influenced by the 
confidence with which informants assert their claims. 
Preschoolers are more likely to endorse novel explana-
tions and labels advanced with confidence than those 
provided by a speaker who is hesitant or expresses un-
certainty (Jaswal & Malone, 2007; Kominsky et al., 2016; 
Sabbagh & Baldwin, 2001; Tenney et al., 2011). However, 
even these prima facie non-epistemic biases may be 

reasonable routes to learning insofar as friendly, famil-
iar, in-group members who are backed by a majority 
consensus may typically also be the most likely sources 
of reliable information.

Collectively, this literature suggests that children 
might be very likely to reject information that is unver-
ified or unverifiable, especially if the speaker conveys 
uncertainty or the information is itself unlikely or un-
expected. However, children are also interested in get-
ting answers to their questions. Children are notorious 
for asking questions themselves (as many as 76 an hour; 
Chouinard, 2007), and although some are requests for 
permission, or for information redundant with facts the 
child already knows (Legare et al., 2013; Ruggeri et al., 
2016), many are requests for novel information and ex-
planations (Callanan & Oakes, 1992; Chouinard, 2007; 
Frazier et al., 2009; Mills et al., 2010, 2011).

Preschoolers also understand many structural aspects 
of explanation and can evaluate respondents’ answers 
on those bases alone. If a respondent simply restates a 
child's question, asserts norms, re-describes events, or 
reacts personally instead of responding to the query, the 
child is likely to repeat the question (Chouinard, 2007; 
Frazier et al., 2009; Kurkul & Corriveau, 2017; Tizard & 
Hughes, 1984). Preschoolers favor claims supported by 
strong arguments over circular ones, and circular argu-
ments over unsupported opinions (Corriveau & Kurkul, 
2014; Mercier et al., 2014; Mills et al., 2017) and evaluate 
explanations based on how many observations an expla-
nation accounts for, how simple and internally coherent 
it is, and how probable it is given observed data and their 
prior knowledge (Bonawitz & Lombrozo, 2012; Johnston 
et al., 2016; Lombrozo, 2011; Walker et al., 2017).

Children can also use data-independent criteria to 
evaluate hypotheses that lack direct evidential support. 
In addition to favoring explanations that are simple, 
broad and coherent (Bonawitz & Lombrozo, 2012), chil-
dren can use properties of the explanandum when choos-
ing among equally probable hypotheses. When asked to 
match observed events to their probable causes, pre-
schoolers expected discrete and continuous affordances 
to control discrete and continuous phenomena, respec-
tively, without observing any covariation data (Magid 
et al., 2015; Tsividis et al., 2015). This suggests that chil-
dren might be sensitive to abstract features of causes and 
effects and use these features to constrain their gener-
ation and evaluation of candidate causes. Independent 
of the content of the domain, and in the absence of any 
distinguishing evidence, children might be able to use 
properties of the question under discussion to decide 
what makes for a good answer.

In the current studies, we look at whether children 
f lexibly evaluate facts and conjectures given questions 
that can or cannot be answered by available informa-
tion. In Experiment 1, we introduce children to short 
stories involving novel characters and events. We ask 
children to choose between factual and conjectural 
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explanations, for questions that can or cannot be an-
swered by information in the story. We used nonsense 
characters and stories in order to control for effects 
of prior knowledge, and we matched the answers on 
the degree to which they repeated the words from the 
question in the answer. Thus, children must consider 
the degree to which each response provides a potential 
answer to the question at hand. In Experiment 1a, we 
tested a wide age-range (4- to 8-year-olds) given that it 
was not clear to what extent children at different ages 
might privilege abstract features of explanations over 
established facts.

If children always prefer the most certain and reli-
able information, they should always choose the facts; if 
they always prefer more speculative, inventive answers, 
they should always choose the conjectures. However, we 
predict that the 6- to 8-year-olds, and possibly even the 
preschoolers, would prefer the known facts for questions 
that can be answered by information in the story and 
prefer conjectures for questions that cannot.

EXPERIM ENT 1

We ran both an initial exploratory study (Experiment 
1a) and a replication with just the 4- and 5-year-old's 
(Experiment 1b). Hypotheses were prespecified ahead 
of data collection, but not formally preregistered. For 
the initial experiment, we estimated a moderately large 
effect size in choosing facts for questions with available 
answers and conjectures for questions with unknown an-
swers. We aimed to recruit 64 participants in Experiment 
1a which would yield 80% power to detect an odds ratio 
of 5.23 (pilot testing had suggested an odds ratio of 6.93). 
In Experiment 1b, we tested only a younger age group, 
and recruited 32 participants to match the number of 
younger children in Experiment 1a.

METHODS

Participants

All children in this and the following experiments were 
recruited from an urban children's museum between 
January 2018 and November 2019 in the United States. 
Parents provided informed consent, and children re-
ceived stickers for their participation. Although most of 
the children were white and middle class, a range of eth-
nicities and socioeconomic backgrounds are represented 
in museum attendees overall (47% European American, 
24% African American, 9% Asian, 17% Latino, 4% two 
or more races; 29% of museum attendees visit on days 
when there is free or discounted admission).

In Experiment 1a, we tested 66 children, ages four 
to eight (M  =  6.04  years, range: 4–7.93). Seven addi-
tional children participated but were excluded for either 

responding inaccurately on a practice question (N = 5), 
not speaking English as their primary language (N = 1) 
or for incomplete participation (N = 1).

In Experiment 1b, we tested 32 four- and five-year-olds 
(M  =  5.03  years, range: 4.15–5.92). Thirteen additional 
children did not pass the inclusion criteria (9 failed prac-
tice; 2 did not speak English as their primary language; 
1 withdrew; 1 did not respond to test questions). The ex-
clusion rates for 4- and 5-year-olds are relatively high but 
can be explained almost entirely by children choosing 
Elmo as the correct puppet on both practice trials.

Materials and procedure

Each trial began with an illustrated story presented via 
three animated slides on a laptop computer. See Figure 1 
for an example story. Two puppets (Elmo and Cookie 
Monster) were also used; the puppets sat on either side of 
the computer and “watched” the stories with the child. 
The puppets’ answers were delivered by pre-recorded 
audio clips to avoid inadvertently biasing the children 
with prosodic cues.

Participants completed two training trials and four 
test trials. The training trials were designed to ensure 
that participants were paying attention and understood 
the task. Participants who failed the training trials were 
excluded from analysis and replaced. These stories de-
picted human characters performing common activities 
(i.e., riding a bike; eating ice cream) embedded in a sim-
ple narrative. The training questions could always be an-
swered using information from the story. Each puppet 
provided a correct answer on one trial and an incorrect 
trial on the other (order counterbalanced).

Children were tested individually in a quiet room. 
The experimenter began by introducing participants to 
the computer display and the puppets (Elmo on the left 
and Cookie Monster on the right). The experimenter ex-
plained the task, saying: “Every time I tell you a story, I 
need you to remember what happened because I’m going 
to ask a question at the end. Elmo and Cookie Monster 
will tell us their answers and your job is to choose who 
had the better answer.” On every trial, the experimenter 
first narrated the story and presented her question (“My 
question is, …?”). She then directed the question at one 
puppet (e.g., “Elmo, can you tell us, …?”), played its pre-
recorded answer, and repeated the answer (e.g., “Elmo 
said because …”). The experimenter then repeated the 
question-answer sequence with the other puppet before 
repeating the question and inviting the child to make a 
choice (“My question was … Who do you think had the 
better answer for [question]?”). Positive feedback was 
given on the training trials (“That's right, Elmo had the 
better answer this time.”) and neutral, encouraging feed-
back was given on the test trials (“Alright, let's see what's 
next”). Only children who correctly answered both prac-
tice questions continued to complete the four test trials.
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The test trials involved imaginary creatures en-
gaging in different activities (making a hat, sneezing 
from allergies, dropping a toy down a deep hole, jug-
gling). Two question-answer pairs were used on each 
story: One question could not be answered with the 
conjecture offered but could be answered with a Fact 
mentioned in the story (In-Story Question); the other 
question could not be answered with any facts in the 
story and could only be answered with a Conjecture 
(Out-of-Story question). Regardless of question type, 
Elmo always provided the Fact answer and Cookie 
Monster always provided the Conjecture answer. Elmo 
always provided his answer first. To cover a range of 
explanatory question types, test trials included both 
“why” and “how” questions. In Experiment 1a, two 
“how” questions came first; in Experiment 1b, two 
“why” questions came first. In both experiments, we 
counterbalanced two between-participant factors: 
(1) item order (whether the first test trial was an In-
Story or Out-of-Story question) and (2) story-question 
match, resulting in four-story sequences. Thus, while 
all participants heard all stories and answers, half the 
participants heard any given story presented with a 
question that could only be answered with a fact and 
half heard the story presented with a question that 
could be answered only with a conjecture (see Table 1).

Results

In Experiment 1a, our primary research question was 
whether participants would choose the appropriate ex-
planation on each trial: Facts for In-Story questions and 

Conjectures for Out-of-Story questions. Figure 2 shows 
children's responses by question type. Across all age 
groups and conditions, children successfully matched 
answers with question types (3.17 of 4 trials; SD = 0.71; 
t(65)  =  13.27, p  <  .001). A third of the children (23/66) 
chose the appropriate answer at ceiling (binomial 
p < .001).

We looked at whether children's responses var-
ied by age and question type using a logistic mixed-
effects model. This model predicted children's response 
(0  =  fact, 1  =  conjecture) from age (in months, mean-
centered), question type (0 = In-Story, 1 = Out-of-Story), 
and an interaction of age and question type, with random 
intercepts for subject and story. There was no effect of 
age (p = .080 by asymptotic Wald test) or an interaction 
of age and question type (p = .155). As predicted, there 
was a main effect of question type (� = 3.23; OR = 25.24, 
95% CI [11.9, 53.7]; p < .001). Children endorsed the fact 
more often on In-Story questions (M = 1.76 of 2 trials, 
SD  =  0.43) and the conjecture more often on Out-of-
Story questions (M = 1.41 of 2 trials, SD = 0.58).

Given that there was no effect of age in Experiment 1a, 
we looked at whether the same results would hold look-
ing only at the 4- and 5-year-olds. Experiment 1b was 
identical to Experiment 1a, except that, as noted above, 
we presented “how” stories before the “why” stories (see 
Supporting Information for post hoc exploratory anal-
yses of performance by “how” and “why”). Four- and 
5-year-olds successfully matched answers with ques-
tion types (M = 2.84 of 4 trials, SD = 1.14; t(31) = 4.19, 
p < .001). As in Experiment 1a, approximately one-third 
of children (12/32 or 38%) chose the appropriate explana-
tion at ceiling (p < .001).

F I G U R E  1   Example of a test trial used in Experiments 1 and 2
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Next, we fit a logistic mixed-effects model to predict 
children's choices from age, question type, and age by 
question type interaction, with random intercepts for 
subject and story. Replicating Experiment 1a, we found 
a main effect of question type (�  =  2.22; OR  =  9.24, 
95% CI [3.4, 25.4]; p < .001); children endorsed the Fact 
more often on In-Story questions (M = 1.44 of 2 trials, 
SD  =  0.84) and the Conjecture more often on Out-of-
Story questions (M = 1.41 of 2 trials, SD = 0.71). There 
was no effect of age (p =  .281) or age by question type 
interaction (p = .181).

Discussion

The results of Experiments 1a and 1b suggest that chil-
dren as young as four and five flexibly consider the ex-
planatory demands of the question under discussion. 
Children did not show a consistent preference either for 
known facts or novel information. Rather, children ap-
propriately used the question to guide their evaluation of 
possible answers. When questions could be answered by 
available facts, children preferred factual answers; when 
they could not, children rejected the established facts in 
favor of conjectural claims for which they had no inde-
pendent evidence.

EXPERIM ENT 2

Experiments 1a and 1b showed that 4- and 5-year-olds 
were willing to answer questions with novel unverified 
conjectures rather than known facts; however, the forced 
choice design meant we cannot tell whether children ac-
tively endorsed conjectures for otherwise unanswered 
questions or whether they simply rejected facts that 
failed to answer questions satisfactorily. In Experiment 
2, we ask children to rate each response independently 
and manipulate explanation type as a between-subjects 
comparison such that children never got to compare 
facts against conjectures.

Also, in the preceding experiments, we did not give 
children any direct information about the empirical sta-
tus of the conjectures; it is possible that the children in 
Experiment 1 may have accepted the conjectures because 
they failed to recognize that they were indeed speculative 
and unverified. In Experiment 2, we add an Uncertain 
Conjectures condition where we emphasize the specu-
lative nature of the conjectures by prefacing them with 
explicit uncertainty markers (I don't know, but maybe 
…). Abundant evidence suggests that 4- and 5-year-olds 
preferentially endorse claims from speakers who are 
knowledgeable and confident over those from speakers 
who admit ignorance or uncertainty (saying I don't know, 
Hmm, or maybe; Jaswal & Malone, 2007; Moore et al., 
1989; Sabbagh & Baldwin, 2001; Sabbagh & Shafman, 
2009; Tenney et al., 2011). If in independent judgments, T
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children appropriately endorse conjectures even when 
they are advanced by uncertain speakers, this would be 
a strong evidence that children value conjectures based 
simply on their ability to answer otherwise unresolved 
questions.

Note that if children succeed in this task, this would 
not be the first study to show that children sometimes 
prefer hesitant speakers to confident ones. Indeed, 
children show precisely this preference when a hesitant 
speaker is appropriately calibrated to her uncertainty 
(e.g., because she lacks epistemic access) and a confident 
(but ignorant) speaker is mis-calibrated (Birch et al., 
2020; see also; Huh et al., 2019). Critically however, there 
are a number of methodological differences between 
our task and previous work showing that children prefer 
informants who appropriately mark their uncertainty. 
Prior studies involved agents who did or did not know 
specific facts (e.g., the contents of a box, the name of an 
object; Brosseau-Liard et al., 2014; Tenney et al., 2011). 
Here by contrast, informants are probed for explana-
tions of causal events. We believe children might tolerate 
causal conjectures without explicit uncertainty mark-
ers precisely because children may recognize that such 
answers are speculative. When it is in common ground 
between the child and the informant that the relevant 
facts are not available, it might be less important that 
informants convey their uncertainty explicitly. Thus, 
consistent with the calibration literature, we expect that 
children will be un-swayed by confident statements that 
fail to answer a question and that children will endorse 
conjectures that answer questions when the informant 
expresses uncertainty. However, insofar as children rec-
ognize conjectures as such, we predict that they will not 
penalize informants who fail to convey uncertainty.

We treated this as a confirmatory study and prereg-
istered all analyses and predictions on the Open Science 
Framework (https://osf.io/zpq3r). Power analysis using 
simulations from pilot data indicated that a sample of 
32 participants per condition would yield 80% power to 
detect a moderate interaction of Explanation condition 
by Question type.

Methods

Participants

Participants were 95 four- and five-year-olds (M = 5.03, 
range: 4.03–5.99) recruited and tested as in Experiment 
1. Thirty-four additional children participated but 
were excluded for responding inaccurately on an in-
clusion trial (N = 26), not speaking English as a native 
language (N = 2), experimenter error (N = 5) or failing 
to complete the study (N = 1). Note that the exclusion 
rate (21% of 121 initial participants) is high and simi-
lar to Experiment 1b. In this case, excluded partici-
pants overwhelmingly (21 of 26 children) correctly put 
Elmo in the “good cup” on the first trial and then also 
(incorrectly) put Cookie Monster in the “good cup”. 
That is, in a forced choice of Elmo or Cookie Monster 
(Experiment 1b) children showed an “Elmo bias”; in 
independent judgments (and perhaps unsurprisingly 
given the status of these characters in children's lives) 
children showed a positive response bias to both pup-
pets. Participants were randomly assigned to the Fact, 
Conjecture, or Uncertain Conjecture condition and we 
found no condition differences in age (M = 5.07, 4.98, 
and 5.02 years, respectively; p > .8).

F I G U R E  2   Children's ratings (averaged across two test trials for each question type) in Experiments 1a (panel a: N = 66, mean: 6.04 years; 
range: 4.00–7.93) and 1b (panel b: N = 32; mean: 5.03 years; range: 4.15–5.92). Children were more likely to choose facts when the question could 
be answered by information in the story and conjectures when it could not. Error bars show bootstrapped 95% confidence intervals. Paired 
t-test, ***p < .001
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Materials and procedure

The Materials and Procedure were identical to those in 
Experiment 1 except as follows. Instead of using the same 
pair of puppets on every trial, six different cartoon char-
acters were used, one for each trial. The characters were 
taken from the Muppets and each character was printed 
on laminated paper and glued to a wooden stick; pup-
pets were ~15 cm tall. Each puppet appeared just once so 
that children could evaluate each question and answer 
pair independently across trials. We also used two iden-
tical blue cups (~20 tall), one labeled with a smiley face 
sticker (in which the child could put puppets who gave 
“good answers”) and one left blank (for placing puppets 
who gave “not so good answers”). These were kept in a 
fixed position with the “good answer” cup on the child's 
left and “not so good answer” cup on the child's right. 
See Figure 3.

Children were told that they would hear some sto-
ries and then hear some questions and that the puppets 
would try to answer those questions. The experimenter 
explained, “Some puppets will give good answers and 
some puppets will give not so good answers.” Children 
were introduced to the cup for good answers and the cup 
for not so good answers and asked to point to each. All 
participants correctly identified the two cups before pro-
ceeding to the training trials.

On each trial, the experimenter narrated a story ac-
companied by an animated slide deck and posed a ques-
tion at the end. The children were introduced to just one 
puppet on each trial and the puppet responded with a 
pre-recorded answer (activated by the experimenter). 

The experimenter then asked the child, “Was that a good 
or not so good answer?” Children rated the puppet's re-
sponse by placing them into one of two cups.

As in Experiment 1, we designed the training tri-
als to familiarize participants with the question and 
explanation evaluation process, and to elicit both rat-
ings. Training trials were the same for every child: The 
puppet on the first trial provided a good answer to 
the question; the puppet on the second trial provided 
a not so good answer. Children received feedback 
on these items to reinforce the two-cup rating sys-
tem. Any child who responded incorrectly on either 
training trial was excluded from further analysis and 
replaced. Next, the experimenter presented the four 
test trials. As in Experiment 1, two trials involved In-
Story questions and two trials involved Out-of-Story 
questions.

In the Fact condition, the puppet on each of the four 
trials responded with a verified true fact from the story 
(i.e., regardless of whether they were asked an In-Story or 
Out-of-Story question). Thus, on the In-Story trials, the 
puppets provided good answers and on the Out-of-Story 
trials, the puppets provided not so good answers. In both 
the Conjecture and Uncertain Conjecture condition, the 
puppets on each of the four trials responded with an un-
verified conjecture; thus, in both conditions, the puppets 
on the In-Story trials provided not so good answers and 
the puppets on the Out-of-Story trials provided good 
answers. In the Uncertain Conjecture condition, the an-
swer was preceded by “I don't know, but maybe …”. Test 
trials were counterbalanced as in Experiment 1, with 
eight versions per condition.

F I G U R E  3   Puppets and rating cups used in Experiments 2–4
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Results

Participants’ responses are shown in Figure 4. As was 
evident in the inclusion trials children showed a positiv-
ity bias toward both puppets and rarely placed any of 
the puppets in the “not so good” cup. Across all condi-
tions, children successfully matched answers with ques-
tion types (M = 2.38 of 4 trials; SD = 0.92; t(94) = 3.99, 
p < .001), although at a lower rate than in Experiment 1. 
About 12% of the children (11/95) chose the appropriate 
answer at ceiling, not significantly different from chance 
(binomial p = .051).

Our first question was whether children would 
give Facts higher ratings for In-Story questions and 
Conjectures higher ratings for Out-of-Story questions. 
We predicted that the likelihood of endorsing each ex-
planation would depend on an interaction between 
Explanation Condition (reference category  =  Fact) 
and Question Type (reference category  =  In-Story). To 
test this prediction, we used a mixed effects logistic 
regression to predict children's endorsement on each 
trial, including fixed effects of Explanation Condition, 
Question Type, and their interaction, as well as ran-
dom intercepts for subject and story (model syntax: 
RatedAsGood  ~  Explanation Condition  *  Question 
Type + (1|Subject) + (1|Story)).

As predicted, the Explanation Condition by Question 
Type interaction explained significant variance 
(�2 (2)  =  14.9; p  <  .001). We conducted follow-up con-
trasts using estimated marginal means, with Bonferroni 
corrections for multiple comparisons. These contrasts 
found that children in the Fact condition were more likely 
to give positive ratings on In-Story questions (84%) than 
Out-of-Story questions (68%), although the result did not 
reach the threshold for statistical significance (p = .18). 
In contrast, children hearing Conjectures were more 
likely to give positive ratings on the Out-of-Story ques-
tions (83%) than the In-Story questions (61%; p  =  .04). 
Children hearing Uncertain Conjectures were also more 
likely to give positive ratings on Out-of-Story questions 
(76%) than the In-Story questions (52%; p = .05).

Our second question was whether children's ratings 
of conjectures would be affected by expressions of un-
certainty. Follow-up contrasts comparing children's 
ratings in the Conjecture and Uncertain Conjecture 
conditions found no difference for either In-Story ques-
tions or Out-of-Story questions (zs < 1). We also tested 
for any interaction of question type and condition type 
by repeating the previous regression analysis including 
just the Conjecture and Uncertain Conjecture condi-
tions. This regression analysis did not find a significant 
Explanation Condition by Question Type interaction 
(z  =  −0.06, p  =  .954) or a main effect of Explanation 
Condition (z  =  −0.83, p  =  .404). However, there was a 
main effect of Question Type (� = 1.23, OR = 3.43, 95% CI 
[1.40, 8.41], z = 2.69, p = .007), showing that children con-
sistently rated conjectures more highly for Out-of-Story 

questions than In-Story questions. Thus, children's judg-
ments were not significantly impacted by explicit expres-
sions of uncertainty.

Finally, we asked whether children's sensitivity to the 
match between question type and explanation type was 
driven by an active recognition of appropriate answers, 
a rejection of inappropriate answers, or both. We used 
one-sided Wilcoxon signed rank tests to compare chil-
dren's ratings against chance for each of the six combi-
nations of Explanation Condition by Question Type (i.e., 
each bar in Figure 4). Correcting for multiple compari-
sons, we found that children rated explanations “good” 
significantly more often than chance when explanations 
were appropriate to the question type (e.g., Facts for In-
Story questions and Conjectures for out-of-Story ques-
tions, ps  <  .0083). However, when explanations were 
inappropriate to the question type, children did not reject 
these explanations more often than chance (ps > .0083).

Discussion

Although children in Experiment 2 were inclined to en-
dorse all the answers they were given, they were none-
theless sensitive to the relationship between questions 
and answer types. Replicating Experiment 1, children 
in Experiment 2 preferentially endorsed facts for ques-
tions whose answer could be found in the story and 
conjectures for questions whose answer was unknown. 
Critically in this context, adding explicit markers of ig-
norance and uncertainty (“I don't know, but maybe …”) 
did not impact children's endorsement of conjectural 
explanations.

These results are compatible with a growing litera-
ture showing that children use situational constraints 
to evaluate testimony; that is, children assess whether 
speakers’ claims are justified given their epistemic 
access (e.g., Birch et al., 2020; Brosseau-Liard et al., 
2014; Huh et al., 2019; Tenney et al., 2011; see Koenig 
et al., 2019 for review). Consistent with this literature, 
we find that 4- and 5-year-olds readily accept hesitant 
speakers who offer speculations as answers to unre-
solved questions. However, in contrast to previous 
work suggesting that children penalize overconfident 
speakers who fail to convey hesitancy when reporting 
uncertain information, children here were happy to 
endorse speakers who advanced conjectures without 
uncertainty markers. As noted, we believe that this is 
because the uncertainty marker might be redundant 
in these contexts insofar as both the children and 
informant recognize that the answers were indeed 
speculative.

One limitation in interpreting the results of Experiment 
2 is that children were generally inclined to endorse all the 
answers that they were given. Future research might use 
a more sensitive measure of children's judgments, such as 
a rating scale with more than two response options, or by 
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asking children to explain their ratings. For consistency 
and ease of comparison, however, we used the same bi-
nary rating scale in Experiments 3–4.

EXPERIM ENT 3

In Experiment 2, children endorsed conjectures that 
contained information not substantiated by the stories. 
However, although the information was novel, it was not 
especially surprising. Would children be willing to en-
dorse conjectures that answered otherwise unanswered 
questions if the conjectures were improbable given the 
children's prior expectations?

Abundant research has testified to young children's 
ability to integrate evidence with prior knowledge to 
draw rational inferences (Gopnik & Wellman, 2012; 
Legare et al., 2010; Schulz, 2012a; Schulz et al., 2007; 
Sobel & Kushnir, 2013; Tenenbaum et al., 2011; Xu & 
Tenenbaum, 2007). Children's sensitivity to both the 
prior probability of hypotheses and the data in their 
favor might reasonably lead children to reject conjec-
tures that are supported by neither.

However, a remarkable feature of human learning is 
that we can and do go beyond both the data and cur-
rent knowledge to advance new, and even initially prima 
facie unlikely ideas. After the explosion on Apollo 13, the 
astronauts and ground crew had to improvise a way of 
connecting canisters for removing carbon dioxide to the 
lunar module; they succeeded using cardboard ripped 
from their training manual, towels, and duct tape. The 
proposal was endorsed, not because of the weight of 
evidence in its favor, nor because cardboard, towels, 
and duct tapes were typically used for these ends, but 

because—faced with a problem and no apparent solu-
tion—a speculative proposal that might solve the prob-
lem could be valued on those grounds alone. Obviously, 
Apollo 13 was an extraordinary event; in everyday cog-
nition, our willingness to endorse otherwise unfounded 
conjectures may be more likely to inflame superstitions 
or perpetuate conspiracy theories than save lives. Still, 
the ability to value hypotheses simply because they could 
answer questions or solve problems (an ability that we, 
in homage to William James, will refer to as cognitive 
pragmatism) may contribute to human learners’ distinc-
tively powerful ability to generate new knowledge about 
the world.

In Experiment 3, we look at participants’ willingness 
to accept conjectures that answer the question at hand 
when the conjectures contradict expectations set up by 
the story or when the conjectures are also rare, low 
probability events in themselves. That is, rather than 
pitting conjectural answers against facts, we compare 
more and less plausible conjectures, in contexts where 
they either do or do not provide answers to the ques-
tion at hand. We test both adults and a relatively wide 
age-range of children (as in Experiment 1a), since to 
our knowledge, no studies have looked at whether par-
ticipants at any age will prioritize the pragmatic goal 
of answering questions over other considerations and 
endorse unlikely conjectures when they provide a po-
tential resolution to otherwise unresolved queries. An 
a priori power analysis was conducted using G*Power3 
to test main and interaction effects in a 2 × 2 repeated 
measures ANOVA, using an F-test with a medium ef-
fect size ( f  =  .25) and an alpha of .05. Results indi-
cated that a sample of 24 participants was required to 
achieve a power of 0.8.

F I G U R E  4   Children's (N = 95; mean: 5.03 years; range: 4.03–5.99) ratings in Experiment 2 averaged across two test trials for each question 
type. When given only factual answers, children tended to endorse these answers across the board. In contrast, children were more likely to 
endorse conjectural answers (whether offered neutrally or with an explicit uncertainty marker) only when the question could not be answered 
by information in the story. Error bars show bootstrapped 95% confidence intervals. (Paired t-tests, *p < .05)

n.s. * *

Fact Conjecture Uncertain Conjecture

In−Story Out−of−Story In−Story Out−of−Story In−Story Out−of−Story

0%

25%

50%

75%

100%

Question Type

Pe
rc

en
ta

ge
 o

f '
go

od
' r

at
in

gs



10  |      CHU and SCHULZ

Methods

Participants

Twenty-four adults were recruited and tested via Amazon 
Mechanical Turk and paid $1.00 for participating. Ten 
additional adults were excluded for failing to complete 
the experiment (n = 2) or failing to distinguish good and 
bad responses on the two inclusion trials by at least a 
10-point spread (n  =  8). Twenty-four 4- to 7-year-olds 
(M = 5.95 years, range = 4.37–6.71) were recruited and 
tested as in the preceding experiments. Fourteen ad-
ditional children participated but were excluded for re-
sponding inaccurately on the two inclusion trials (N = 7), 
being distracted during one or more trials (N = 1) or fail-
ing to complete the study (N = 6).

Materials

We created six test stories, each paired with one question 
and four candidate answers. Twenty-four unique pup-
pets were used to present the candidate answers, with 
characters from the Muppets and Hey Arthur! shows 
and constructed like those in Experiment 2. The two 

“good answer” and “not so good answer” cups used in 
Experiment 2 were also used here.

In contrast to the previous studies where we wanted 
to control for prior knowledge, in Experiment 3 we 
wanted to leverage participants’ background knowledge 
to evoke strong expectations about plausibility. Thus, 
rather than using novel characters, these stories involved 
human children in everyday activities. The stories always 
ended with the protagonist in a salient emotional or be-
havioral state and the questions all asked why the char-
acter was in that state. The story context always set up 
one answer as the most plausible answer (i.e., the “Likely 
Answer”). However, in contrast to the previous studies, 
no question was directly answered by the information 
in the story (i.e., we only asked Out-of-Story questions). 
All the candidate explanations were conjectures; they 
varied in whether or not they answered the question at 
hand and how plausible they were. That is, on every trial, 
the four candidate answers always crossed two factors: 
Whether it would answer the question if it were true 
(Answer/Non-answer) and how probable the conjectured 
event was (Likely/Unlikely). To ensure that children rec-
ognized which candidate answers violated expectations, 
all answers (except for the Likely Answer) began by ex-
plicitly denying the likely answer (i.e., they took the form 

TA B L E  2   The two training trials and one of six test trials in Experiment 3

Item Text

Training Story 1 This is Tina. Tina is having breakfast. She's eating pancakes. After breakfast, she went 
outside to play. When she was done, it was time for lunch. Tina comes back into the 
kitchen. Her brother comes into the room and asks, “Hey Tina, what did you have for 
breakfast?”

Question What did Tina have for breakfast?

Likely Answer (Fact) Tina ate some pancakes for breakfast.

Likely Non-Answer Tina played in the tree-house for breakfast.

Training Story 2 This is Tommy. Tommy went to the ice cream shop. He bought his favorite ice cream and 
ate it all up! (only an empty cone was shown)

Question What did Tommy get at the ice cream shop?

Unlikely Non-Answer Tommy got tomato soup.

Likely Answer Tommy got chocolate ice cream.

Test Story This is Sally. Sally was looking forward to her best friend's birthday party. Her best friend 
had just mailed out the invitations, and Sally was hoping to get one soon. Sally walked 
to her mailbox and saw a shiny white envelope. Sally opened the envelope and jumped 
up and down excitedly when she read it!

Question Why was Sally so excited?

Likely Answer Because she got invited to her best friend's birthday party. She was so excited that she 
couldn't stop jumping up and down.

Unlikely Answer Not because it was a birthday invitation, but because it was a letter from school saying she 
won the story competition.

Likely Non-Answer Not because it was a birthday invitation, but because it was a notice from the library 
saying she forgot to return her books.

Unlikely Non-Answer Not because it was a birthday invitation, but because it was a note from her teacher saying 
that she had to do extra work after school.

Note: See Supporting Information for full stimuli. Participants were excluded for incorrectly responding to the training trials. In Experiment 4, we used the same 
training trials and test stories and questions, but only presented the Unlikely Answers and the two Non-Answers. We also modified the conjectures in Experiment 
4 to the form “It was not [a birthday invitation/…]. Sally was excited because [it was a letter from school saying she won the story competition/…].”
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“Not because of … but because of …”). See Table 2 for 
the complete text of one trial; full stimuli are presented 
in Supporting Information.

As in preceding experiments, we included two train-
ing trials to familiarize participants with evaluating the 
answers to questions about the stories. Although we had 
used only fact questions in the training for Experiments 
1 and 2; in the training for Experiment 3, we included a 
conjectural question because all of the test trials involved 
contrasts between conjectures. On the first training trial, 
we asked a factual question that could be answered by 
recalling information from the story. Participants rated 
two answers: One was true with respect to story and 
answered the question; the other was true but did not 
answer the question. On the second training trial, we 
asked a conjectural question that could not be answered 
given available information. Participants rated two ex-
planations: One was a likely answer given the story; the 
other was unlikely. (Note therefore that if anything, the 
training trial should make participants less likely to en-
dorse unlikely conjectures.) These training trials were 
the same for all participants and were used as inclusion 
criteria. To ensure that adults on M-Turk were following 
the task instructions, we used a fairly conservative inclu-
sion criteria: Adults had to distinguish the good and bad 
questions by a 10 point spread in ratings; adult partici-
pants were excluded from further analysis if they failed 
to make this distinction (and were thus possibly respond-
ing at random) or if they reversed the ratings. Children 
were excluded from further analysis and replaced if they 
answered either training trial incorrectly.

Procedure

We used a within-participants design: participants saw 
all six test stories and rated all four answers for each 
story. The stories were presented in a fixed sequence; an-
swers were randomized for adults and presented in pseu-
dorandom order for children.

Adult participants used a linear rating scale ranging 
from Not Satisfying (0) to Very Satisfying (100) and saw 
all four conjectures presented on the same page. Adults 
did not receive any feedback on the training trials but 
adults were excluded from further analysis and replaced 
if they did not rate the better explanation at least 10 
points higher than the alternative on the training trials.

Children were tested individually in a quiet room with 
a laptop computer. The experimenter provided feed-
back on training trials to reinforce the two-cup rating 
system. Any child who responded inappropriately on a 
training trial was excluded from further analysis and re-
placed. The procedure and rating system was identical 
to the one used in Experiment 2 except as follows. The 
experimenter read each story out loud and then asked 
the target question. Four puppets took turns giving each 
of the candidate responses (as in the previous studies, all 

responses were pre-recorded to avoid differential pro-
sodic cues across trials). Children rated each conjecture 
as either a “good” or a “not so good” answer by placing 
the puppet into the appropriate cup. Children had to rate 
each puppet's answer before hearing the next puppet's 
answer.

Results

Our main question was whether participants would 
evaluate conjectures based not just on how plausible the 
conjecture was but also on how well it would answer the 
question, if true. We used mixed effects regression predict-
ing responses to each conjecture. This analysis included 
fixed effects of Answer Type (Answer/Non-Answer) and 
Likelihood (Likely/Unlikely), as well as random effects 
for subject and story (Model syntax: Response ~ Answer 
Type * Likelihood +  (1|Subject) +  (1|Story)). Recall that 
adult participants provided a continuous rating (0–100) 
but child participants provided a binary rating (0 or 1). 
Thus, we used linear regressions for adults and logistic re-
gressions for children.

Among adult participants, there was a significant effect 
of Answer Type (� = 33.41, 95% CI [27.9, 38.9], z = 11.89, 
p  <  .001), with higher ratings for Answers (M  =  64.9, 
SD  =  14.4) than Non-Answers (M  =  10.6, SD  =  19.8). 
The effect of Likelihood was not significant (z  =  0.05, 
p = .961), however, there was a significant Answer Type 
by Likelihood interaction (� = 41.73, 95% CI [33.9, 49.5]; 
z = 10.50, p < .001). We inspected the interaction using 
follow-up Tukey contrasts correcting for multiple com-
parisons. Although adults gave higher ratings to Likely 
Answers (M = 85.81, SD = 18.37) than Unlikely Answers 
(M = 43.94, SD = 26.02; p < .001), they did not differen-
tiate between Non-Answers that were Likely (M = 10.7, 
SD = 18.4) or Unlikely (M = 10.5, SD = 21.8; p >  .99). 
Critically, adults endorsed Unlikely Answers more often 
than Unlikely Non-Answers (p <  .001) and also Likely 
Non-Answers (p < .001). See Figure 5a for adults’ aver-
age ratings.

The results for children were similar (see Figure 6). 
As in the adult sample, there was a significant effect 
of Answer Type (�  =  1.38, OR  =  3.96, 95% CI [1.81, 
8.65], z = 3.45, p < .001), no main effect of Likelihood 
(z  =  0.22, p  =  .82), and a significant Answer Type by 
Likelihood interaction (�  =  3.68, OR  =  39.53, 95% CI 
[12.28, 127.21]; z = 6.17, p < .001). Follow-up Tukey con-
trasts using estimated marginal means indicated that 
children were more likely to endorse Likely Answers 
(M = 90%, SE = 4%) than Unlikely Answers (M = 17%, 
SE = 5%; p < .001), but did not differentiate between the 
Likely Non-Answers (M = 5%, SE = 2%) and Unlikely 
Non-Answers (M  =  5%, SE  =  2%; p  >  .99). Children 
also endorsed Unlikely Answers more often than both 
Likely Non-Answers (p  =  .049) and Unlikely Non-
Answers (p = .040).
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We also looked at the effect of age on children's re-
sponses by adding a covariate of age (in years, mean-
centered) to the logistic mixed effects model predicting 
children's responses and including an age by conjecture 
interaction. Because we did not have specific hypotheses 
about how age might interact with children's ratings for 
each conjecture type, we used a categorical variable of 
Conjecture Type (with Likely Answers as the reference 
level) so that estimated coefficients could be directly 

interpreted as the effect of age on the log odds of endors-
ing each conjecture type. The model thus included fixed 
effects of conjecture type, age, and a conjecture type by 
age interaction, with random intercepts for subject and 
story. This expanded model explained significant addi-
tional variance than the original analysis without age 
(�2 (4) = 14.36, p = .006 by likelihood ratio test), although 
the overall effect of Conjecture type remained signifi-
cant (�2 (3) = 124, p < .001). Critically, this is qualified 

F I G U R E  5   Adults’ ratings in (a) Experiment 3 (N = 24) and (b) Experiment 4 (N = 24) averaged across the six test trials. When given all 
responses and a positive rating scale (0–100), adults preferred likely answers to unlikely answers and both of these to non-answers (Experiment 
3). The results replicated when given non-answers and only either likely or unlikely answers, and a scale allowing answers to rate answers either 
negatively or positively (−100 to 100, Experiment 4). Participants rated unlikely answers nearly as positively as likely ones. Error bars show 
bootstrapped 95% confidence intervals. (Tukey's HSD, ***p < .001)
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F I G U R E  6   Percentage of conjectures rated as good by children in Experiment 3 (N = 24; mean: 5.95, range 4.37–6.71), averaged across the 
six test trials. Children rated all four conjecture types on each trial. (a) Responses averaged across all participants; (b) The same data by answer 
type and child's age; each circle represents responses from one child on that answer type. Like adults, children preferred likely answers to 
unlikely answers and both of these to non-answers. With increasing age, children were more likely to accept Answers and more likely to reject 
Non-Answers, for both likely and unlikely conjectures. The distinction between Likely and Unlikely Answers decreased with age. Lines show 
predictions from regression model; shaded regions and error bars show 95% confidence intervals. (Tukey's HSD, *p < .05, ***p < .001)
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by an age by conjecture type interaction (�2 (3) = 13.53, 
p = .004). Inspection of estimated marginal slopes indi-
cated that with increasing age, children were more will-
ing to endorse conjectures that answered the question, 
regardless of how otherwise plausible they were (Likely 
Answers: � = 1.02, 95% CI [0.08, 1.96]; Unlikely Answers: 
� = 0.53, 95% CI [−0.30, 1.37]) and less likely to endorse 
conjectures that did not answer the question, again re-
gardless of how otherwise plausible they were (Likely 
Non-Answers: � = −0.77, 95% CI [−1.86, 0.32]; Unlikely 
Answers: � = −0.43, 95% CI [−1.49, 0.62]). Figure 6b illus-
trates these marginal effects of age on the probability of 
endorsing each conjecture type.

Discussion

The results of Experiment 3 suggest that both adults and 
4- to 6-year-old children will endorse even otherwise un-
likely conjectures as long as they offer potential answers 
to questions. This is not to say that people are indiffer-
ent to the plausibility of conjectures: Both adults and 
children preferred conjectures involving likely events to 
those involving unlikely ones. Importantly, however, and 
consistent with the idea of cognitive pragmatism, partic-
ipants’ evaluations privileged the degree to which a con-
jecture might answer the question, and only secondarily 
considered how likely the conjecture might be.

However, although adults rated the unlikely answers 
as more satisfying than the non-answers, the aver-
age rating of unlikely answers was close to the middle 
of the scale, suggesting that adults might not so much 
have endorsed as merely been indifferent to the unlikely 
conjecture. In Experiment 4, we replicate the design of 
Experiment 3 but use a −100 to +100 rating scale to allow 
us to distinguish adults’ active endorsement of unlikely 
conjectures from more neutral or negative responses. 
We also gave both adults and children just one kind of 
answer, plausible or implausible, to see how participants 
might evaluate prima facie implausible conjectures when 
they are not explicitly contrasted with more plausible 
ones.

EXPERIM ENT 4

In Experiment 4, we used a between-participant design 
for adults and a within-participant design for children. 
We asked both adults and children to evaluate three con-
jectures for each question: one low probability conjec-
ture that answered the question (Unlikely Answer) and 
two conjectures that did not answer the question (i.e., 
Likely and Unlikely Non-Answers). In adults, we also 
ran a condition in which participants rated a high prob-
ability conjecture that answered the question (Likely 
Answer) and both Non-Answers. For adults, our pri-
mary question of interest was whether there would be 

any difference in their ratings for Likely versus Unlikely 
Answers between conditions. For children, our primary 
aim was to follow up on the age effect and see whether 
older children would be more likely than younger chil-
dren to endorse low-probability conjectures that an-
swered the questions at hand (Unlikely Answers). Based 
on the large effect size in Experiment 3 (Cohen's d = 1.73), 
we aimed to recruit the same number of participants per 
sample for this follow-up. Specifically, 12 adults per con-
dition would provide 98% power to detect the same effect 
size and 80% power to detect a smaller but still substan-
tial effect of d = 1.2. For children we aimed to recruit 12 
four- and five-year-olds and 12 six- and seven-year-olds 
to yield 80% power to detect an age by conjecture type 
interaction with a large effect size (from Experiment 3: 
partial η2 = .25; Cohen's f = .58).

Methods

Participants

Twenty-four adults were recruited and tested via 
Amazon Mechanical Turk and paid $1.00 for participat-
ing. An additional 13 adults were excluded for failing 
to distinguish good and bad responses on the inclusion 
items by at least a 10-point spread (n = 12) or failing at-
tention checks (n = 1).

Twenty-four 4- to 8-year-olds (M  =  5.32  years, 
SD = 0.86, range = 4.04–6.71) were recruited and tested 
as in the preceding experiments. Six additional children 
participated but were excluded for responding inaccu-
rately on the inclusion questions (N  =  5) or failing to 
complete the study (N = 1).

Materials and procedures

The materials and procedure were the same as in 
Experiment 3 with three modifications. First, in 
Experiment 4, participants rated three conjectures per 
test trial instead of four. Thus, for children, only three 
puppets were used per trial, for a total of 18 puppets. 
Second, we modified the rating scale for adult partici-
pants to range from −100 (“Extremely Dissatisfying”) to 
+100 (“Extremely Satisfying), with 0 explicitly marked 
as “Neutral.” Children used the same binary response 
measure from Experiment 2–3, rating each puppet's 
proposal as a good or not so good answer. Third, we 
modified the sentence structure of the conjectures. In 
Experiment 3, we had used one long sentence of the form 
“Not because [likely answer], but because [conjecture]”. 
In Experiment 4, we separated the denial and the con-
jecture into two sentences (e.g., “Sally was not excited 
because it was a birthday invitation. Sally was excited 
because it was a letter from school saying she had won a 
story competition.”) both to remind participants of the 
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target of the explanation and to make the denial of the 
likely explanation even more explicit.

Results and discussion

We had two primary questions. First, we wanted to 
know whether adults would distinguish likely and un-
likely conjectures in their evaluations if each conjecture 
was presented independently. Adults gave higher ratings 
to Likely Answers (M = 76.8, SD = 15.4) than Unlikely 
Answers (M = 45.3, SD = 43.6; t(17.7) = 2.16, p =  .04). 
Importantly, although participants recognized that one 
answer was more plausible than the other, they treated 
unlikely conjectures as acceptable answers when the im-
probable conjecture was presented as the only answer to 
a question: of the 12 adults rating Unlikely Answers, 10 
gave positive ratings, and 3 gave ratings above 90 (com-
parable to the 5 of 12 adults who gave ratings above 90 
in the Likely Answer condition). Consistent with the idea 
of cognitive pragmatism, adults seemed to value the de-
gree to which a proposal could answer a question above 
the prior probability of the proposal. See Figure 5b for 
adults’ average responses.

Like adults, children in Experiment 4 endorsed 
Unlikely Answers (M  =  44%) more often than both 
Likely Non-Answers (M = 15%, Wilcoxon signed rank 
test p  <  .001) and Unlikely Non-Answers (M  =  13%, 
p < .001). Again, however, this was qualified by an age 
by conjecture type interaction. We built a logistic regres-
sion model with the fixed effects of conjecture type, age, 
and an age by conjecture type interaction. As planned, 
we analyzed age as a binary variable (ages 4–5 vs. 6–7), 
although similar results obtain with age coded contin-
uously (see Supporting Information for details). This 
model explained more variance than either the conjecture 

only model (�2(3) = 21.4, p < .001) or the model with con-
jecture and age but no interaction (�2(2) = 21.3, p < .001). 
Inspection of estimated marginal slopes indicated that 
older children were more likely than younger children 
to endorse Unlikely Answers (�  =  0.34, p  =  .02), but 
equally likely to reject conjectures that did not answer 
the question (Likely Non-Answers: � = −0.091, p =  .18; 
Unlikely Non-Answers: �  =  0.088, p  =  .16). Thus, and 
in contrast to the idea that younger children might be if 
anything more drawn to novel and speculative responses 
than older children, 4- and 5-year-olds were in fact more 
likely to endorse answers that were probable in them-
selves whereas the 6- and 7-year-olds were able to repre-
sent and evaluate proposals based only on the abstract 
fit between the question and the answer. Figure 7 shows 
the distribution of responses by age group.

Finally, we note that in both Experiments 3 and 4, 
4- and 5-year-olds correctly endorsed likely answers, 
correctly rejected both likely and unlikely non-answers, 
and (unlike adults and older children) sometimes also re-
jected unlikely answers. By contrast, in Experiment 2, 
4- and 5-year-olds tended to rate all responses (facts and 
conjectures) positively, although they correctly endorsed 
facts more often for questions that could be answered by 
those facts in the story and conjectures when they could 
not. Overall, however, this pattern of results raises the 
question of why 4- and 5-year-olds did sometimes re-
ject responses in Experiments 3 and 4 but generally (if 
differentially) endorsed all responses in Experiment 2. 
We believe two factors might have contributed. First, 
Experiment 2 never involved any conflict with the chil-
dren's prior knowledge; this might have made it easier for 
children to endorse responses across the board. Second, 
all the responses except the likely response were prefaced 
with an explicit rejection of at the likely response (“It 
wasn't a birthday invitation. Sally was excited because 

F I G U R E  7   Percentage of conjectures rated as good by children in Experiment 4 (N = 24; mean: 5.32; range 4.04–6.71), averaged across the 
six test trials. Children rated all three conjecture types on each trial. (a) Responses averaged across participants by age group. (b) Each circle 
represents responses from one child on that conjecture type. With increasing age, children were more likely to accept Unlikely Answers and less 
likely to accept both Likely and Unlikely Non-Answers. Lines show predictions from regression model; shaded regions and error bars show 95% 
confidence intervals. (Wilcoxon signed rank test, ***p < .001)
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…”). Since the experimenter effectively modeled reject-
ing a candidate response, the children might have felt 
more licensed to do so as well.

GEN ERA L DISCUSSION

Across four experiments, we found that both adults and 
children were willing to entertain novel and unverified 
claims when (and only when) they answered the question 
at hand. Four- and 5-year-olds endorsed such conjec-
tures in both forced choice (Experiment 1) and inde-
pendent judgment paradigms (Experiment 2), even when 
the conjectures were accompanied by explicit expres-
sions of uncertainty (Experiment 2). Adults and 6- and 
7-year-old children, but not younger children, further 
endorsed conjectures that were improbable but provided 
potential answers to the questions at hand (Experiments 
3 and 4). When confronting otherwise unanswered ques-
tions, adults and young children judged speculative con-
jectures not on the basis of evidence for their truth, but 
instead, on their potential for addressing those unan-
swered questions if they were true.

Our results add an important perspective to the grow-
ing literature on trust and testimony, which has largely 
found that children rationally integrate multiple cues 
to speaker and information reliability when deciding 
whether to accept or reject novel claims (for review, see 
Harris et al., 2018; Koenig et al., 2019; Stephens et al., 
2015). In contrast, here we find that participants en-
dorsed novel conjectures despite conflicts with cues to 
reliability, including verifiability, speaker confidence, 
and consistency with prior expectations. Our results 
suggest that the primary driver of learners’ judgments 
was whether the proposed conjecture answered the ques-
tion at hand. Indeed, in the absence of other potential 
answers to a question, adults judged implausible conjec-
tures just as favorably as plausible conjectures.

We also found evidence for a developmental trajectory 
in which older children and adults were more willing to 
accept low probability conjectures than younger chil-
dren (Experiments 3–4). Importantly, this was the case 
only when the low probability conjectures answered the 
question; participants tended to reject all non-answers. 
There are at least two mutually compatible explanations 
for this finding. First, there may be an age-related in-
crease in participants’ tolerance for uncertainty and 
the value they give to getting a question answered—in 
other words, a move from an empirical stance to a prag-
matic stance. This hypothesis is supported by young 
children's success at recognizing conjectures that an-
swer a question in Experiments 1 and 2. In fact, this 
developmental finding is compatible with other reports 
of an age-related increase in the subtlety and sophisti-
cation with which children evaluate claims and testi-
mony (for review, see Mills, 2013). Whereas 3-year-olds 
reject sources with any evidence of historical inaccuracy, 

4-year-olds differentiate between sources with 75% ver-
sus 25% inaccuracy and preferentially trust the more 
reliable (Pasquini et al., 2007). Thus, with age, children 
may learn to balance multiple criteria for deciding which 
claims to endorse or reject. Future work may explore 
how children integrate various criteria—empirical, so-
cial, and structural—when evaluating novel claims and 
how properties of the specific question under discussion 
influences which criteria takes priority.

Second, there may be an age-related improvement in 
participants’ ability to recognize claims that answer a 
question. Precisely how people assess the satisfactoriness 
of a conjecture in the absence of any evidence remains an 
open question; we speculate that people might be broadly 
sensitive to information contained in the question itself. 
For instance, we know that by age three, children recog-
nize that interrogative words specify desires for different 
categories of information (Ervin-Tripp, 1970), such that 
“who” requires an agent and “where” requires a place; 
Piaget (1926) further divided “why” questions into sub-
types: causal explanation, human motivation, justifica-
tion, and logical explanations. More generally, beyond 
linguistic information, the ability to evaluate novel con-
jectures might be related to developing world knowledge 
(e.g., in Experiment 3, an understanding of what events 
might make someone excited or sad) or problem-solving 
abilities (e.g., in Experiment 1, knowing that you could 
retrieve out-of-reach objects by knocking them off the 
platform with a ball). Over time, accumulated linguis-
tic experience, world knowledge, and planning abilities 
might help children fine-tune their understanding of 
what different questions require of their answers.

We have contrasted the current work with past work 
on trust in testimony. Here we show that so long as a 
response provides a potential answer to a question, 
children are willing to override known fact (even when 
communicated confidently) in favor of speculative con-
jectures (even when advanced uncertainly). However, we 
do not mean to suggest any fundamental incompatibility 
between our results and the literature on trust in testi-
mony. Children might well be epistemically vigilant in 
tracking informants who do and do not provide satisfac-
tory answers to questions, even when all the answers are 
conjectural. In future research, it might be interesting to 
see if children track agents’ history of answering ques-
tions with appropriate (vs. irrelevant) conjectures and 
whether children use this information to make decisions 
about whom to address when posing questions likely to 
have no known answer.

It should be noted that although across these stud-
ies we tested a variety of scenarios (made-up monsters 
and real-life events that differed in plausibility) and used 
a range of response measures (forced choice and inde-
pendent rating), we lack direct evidence that children 
in Experiments 3 and 4 explicitly understood the specu-
lative nature of conjectures. Given that young children 
can be both overly credulous and overly skeptical of 
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unfamiliar events (Woolley & Ghossainy, 2013), more 
research is needed to examine children's credulity to-
ward speculative claims. For example, in Experiment 3, 
we might ask children to explain their ratings and ex-
plicitly judge the probability of the conjectures (“Do you 
think that really happened?”) or the speaker's belief in 
the conjecture (“Does the speaker believe that it really 
happened?”).

We began this line of work by observing that remark-
able discoveries often emerge from wild speculations in 
response to novel, unanswered questions. In science, re-
ligion, and everyday life, we give license to conjectures, 
speculations, and other unverified assumptions when 
they can play powerful explanatory roles. An important 
next step is to go beyond looking at how people evaluate 
claims to looking at how they generate them. Any num-
ber of factors might affect people's willingness to engage 
in speculative reasoning. For example, people might be 
more willing to generate conjectures in response to sci-
entific questions than religious ones if they believe that 
accepting mysteries in religion is a sacred value; on the 
other hand, they might be more willing to generate con-
jectures in religious contexts than scientific ones if they 
believe that a variety of answers may be more accept-
able in religion than in science (see Liquin et al., 2020). 
A related question is whether the propensity for specu-
lation and the acceptability of entertaining conjectures 
differs by domain or situational and social demands. For 
example, people might differ in their willingness or abil-
ity to generate useful speculations, perhaps modulated 
by their own prior knowledge and an estimation of their 
own and others’ expertise.

While little is known about the origins of speculation 
in early childhood, it is intuitively clear that children 
begin attempting to answer questions as soon as they 
can ask them. Children's conjectures are necessarily lim-
ited by their world knowledge and are often wrong with 
respect to the facts. Nonetheless, a remarkable feature 
of children's speculations is that their answers are “at 
least wrong.” For instance, a 3-year-old with whom the 
senior author is well acquainted once speculated in re-
sponse to the announcement that everyone had to turn 
off their cell phones when the plane took off that this 
was because “Planes are noisy and you wouldn't be able 
to hear if you talked on the phone.” This answer is wrong 
but it is “at least wrong.” Consider the infinite variety of 
things she could have said that would have been, even if 
factually correct, simply irrelevant (e.g., “Planes are sil-
ver and phones are silver”; “planes are big and phones 
are small”; see Schulz, 2012b for discussion) This early 
emerging ability to map the structural form of an answer 
onto a question might be critical to how we can gener-
ate new hypotheses. By placing a high value on getting 
our questions answered, and by readily entertaining new 
ideas before obtaining evidential support, we may be 
motivated to explore and inquire in ways that can gener-
ate unexpected discoveries.

In conclusion, the results point to a willingness to en-
tertain potentially explanatory but unverified specula-
tions beginning in early childhood. Children as young as 
four knowingly rejected known information in favor of 
the unknown, but only when the conjectures addressed 
an otherwise unanswered question. When evidence is 
unavailable, children and adults willingly drop their 
empirical stance to consider the potential value of new 
ideas, even when these proposals are advanced by uncer-
tain speakers and in tension with prior expectations, in 
order to find possible solutions to otherwise unresolved 
problems.
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