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A B S T R A C T   

Hearing generic or other kind-relevant claims can influence the use of information from direct observations in 
category learning. In the current study, we ask how both adults and children integrate their observations with 
testimony when learning about the causal property of a novel category. Participants were randomly assigned to 
hear one of four types of testimony: generic, quantified “all”, specific, or only labels. In Study 1, adults (N =
1249) then observed that some proportion of objects (10%–100%) possessed a causal property. In Study 2, 
children (N = 123, Mage = 5.06 years, SD = 0.61 years, range 4.01–5.99 years) observed a sample where 30% of 
the objects had the causal property. Generic and quantified “all” claims led both adults and children to generalize 
the causal property beyond what was observed. Adults and children diverged, however, in their overall trust in 
testimony that could be verified by observations: adults were more skeptical of inaccurate quantified claims, 
whereas children were more accepting. Additional memory probes suggest that children’s trust in unverified 
claims may have been due to misremembering what they saw in favor of what they heard. The current findings 
demonstrate that both child and adult learners integrate information from both sources, offering insights into the 
mechanisms by which language frames first-hand experience.   

It’s nearly impossible to learn something new without in some way 
generalizing what you learned. This core feature of cognition – that our 
experiences provide information beyond just individual instances – 
supports the inferences, predictions, and explanations that help us make 
sense of the world around us. Consider the following example. Professor 
X just visited an exotic island, and informs you that Ylang-Ylang flowers, 
which can only be found on this island, are fragrant. A reasonable 
expectation, based on this testimony, is that when you visit the island 
yourself, most Ylang-Ylang flowers you would encounter would be 
fragrant. But what happens when you discover on your island visit that 
most of the Ylang-Ylang flowers have no smell? You may be inclined to 
wonder if Professor X was mistaken, or – if you trust that he wasn’t – 
perhaps your own observations are not representative of Ylang-Ylang 
flowers in general. You may wonder, ‘Did I smell a bad batch of 
flowers, or was the professor wrong?’ 

This example illustrates two different sources of evidence we can use 

to learn about kinds: observation and testimony. In two studies, we aim 
to show the ways in which different kinds of testimony lead to different 
expectations, shaping how both adults and children use subsequent 
probabilistic observations in category learning. We will begin by dis-
cussing how learners use both testimony and observation to form beliefs 
about categories. Following this, we will discuss the potential ways in 
which these two sources interact, and implications for category learning 
when testimony is offered prior to observing probabilistic evidence first- 
hand. 

One way to gather first-hand evidence about categories is through 
observation by sampling from the category and observing the preva-
lence of that property in the sample (i.e., the statistical likelihood of a 
member of the sample having said property), then treating the sample as 
representative of the population.1 Much empirical research – guided by 
formal models based on Bayesian inference – suggests that generaliza-
tions from samples to populations are principled and rational (Gopnik & 
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1 We leave aside for now, specifics on the way the sample was generated. In our Ylang-Ylang example, it could have been chosen randomly (he happened to pick 
some flowers), chosen intentionally (he liked those flowers specifically, so he picked them), or chosen pedagogically (he wanted to share information about their 
fragrant properties, so he picked a representative set to show me). For details on how rational models account for the sample-generating process in inductive 
generalization, see Shafto et al. (2012); Shafto et al. (2013). 
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Wellman, 2012; Oaksford & Chater, 2007; Schulz, 2012; Tenenbaum & 
Griffiths, 2001); that is, they are based on our current conceptual 
knowledge and are appropriately responsive to new evidence. The 
rational modeling approach has empirical support from concept 
learning studies in infants (Denison, Trikutam, & Xu, 2014; Sobel & 
Kirkham, 2007; Teglas, Girotto, Gonzalez, & Bonatti, 2007; Xu, 2019), 
children (Gopnik & Wellman, 2012; Kimura & Gopnik, 2019), and 
adults (Griffiths, Sobel, Tenenbaum, & Gopnik, 2011; Griffiths & Ten-
enbaum, 2009; Kemp & Tenenbaum, 2009). 

Another source of evidence is testimony. Much of our conceptual 
knowledge is acquired by listening to what people tell us, because many 
of the deep, non-obvious, and essential properties of categories are not 
directly observable (Gelman, 2003, 2023; Harris, 2012; Harris & Koenig, 
2006). We therefore rely on others to impart generalities by making 
kind-based claims (Cimpian & Markman, 2009; Gelman et al., 1998; 
Koenig et al., 2015). To this end, languages make use of two types of 
devices to refer to kinds as opposed to individuals: generic noun phrases 
(e.g., “Birds have hollow bones”) and quantifiers (e.g., “All birds have 
hollow bones”; “Most birds have hollow bones”). 

Research has shown that learners can use both generics and quan-
tifiers as the basis for probability estimates (Brandone, Gelman, & 
Hedglen, 2015; Cimpian, Brandone, & Gelman, 2010; Cimpian, Gelman, 
& Brandone, 2010; Gelman, Star, & Flukes, 2002; Rhodes, Gelman, & 
Brickman, 2010; Tessler, Bridgers, & Tenenbaum, 2020). but that they 
differ in important respects. Quantifiers have precise semantic impli-
cations that can readily be translated into probabilities: “all” expresses 
100%, “most” expresses >50%, and “some” expresses a non-zero 
quantity (often <50%, due to scalar implicatures; Noveck, 2001). Ge-
nerics, by contrast, systematically and precisely differ from probabilistic 
representations (Cimpian, Brandone, & Gelman, 2010, Cimpian, Gel-
man, & Brandone, 2010; Gelman & Bloom, 2007; though see Tessler 
et al., 2020). For one, generics do not reflect a consistent frequency but 
rather express features that are conceptually central to a kind (Butler & 
Markman, 2014; Cimpian & Markman, 2009). Thus, the frequency of a 
generic proposition may range from all members of a category (“Giraffes 
are ungulates”) to roughly half the category (“Lions have manes”) to 
<1% of members (“Mosquitoes carry the West Nile Virus”). Further-
more, generics have several semantic properties that distinguish them 
from quantifiers: they permit exceptions (e.g., “Birds fly” does not imply 
that all birds fly; Hollander, Gelman, & Star, 2002) and imply broader 
prevalence than is required for their use (Brandone et al., 2015; Cella, 
Marchak, Bianchi, & Gelman, 2022; Cimpian, Brandone, & Gelman, 
2010; Cimpian, Gelman, & Brandone, 2010). Thus, unlike claims made 
with quantifiers, generic claims make members of a category seem more 
alike. This can be beneficial when the goal is to learn broad patterns in a 
group but may also lead learners to overlook individual differences and 
to treat instances as standing in for the group to which they belong. 

To summarize, observations and testimony each have benefits and 
drawbacks for category learning. Observations of statistical evidence 
can be used to make rational inductive inferences about observable 
properties of category members, but learning is restricted to properties 
that are observable, and requires assuming that samples are represen-
tative of populations. Further, although observations have the benefit of 
being direct evidence, they are limited in the case of small sample sizes 
(Rhodes, Brickman, & Gelman, 2008). Testimony – generic language in 
particular – is useful for learning about unobservable properties of 
category members and for highlighting feature centrality but cannot be 
mapped on to a precise quantity (Tessler et al., 2020). Furthermore, 
some of the semantic properties of generic language suggest that hearing 
generic testimony in combination with observations may lead to overly 
strong assumptions about the representativeness of small samples 
(Rhodes, Leslie, & Tworek, 2012). Testimony also has the benefit of 
being able to describe entire populations and thus can provide infor-
mation about a wider scope of category members but may be more 
difficult to verify. 

Here we investigate the possibility that, when testimony is available 

prior to first-hand observations, the two sources mutually inform each 
other. People are often in the position of hearing about categories from 
those who claim to be knowledgeable (as in our traveling professor 
example) but then later on may have the opportunity to verify this in-
formation for themselves with their own observations. What happens in 
such cases depends on the testimony they hear, and how this informs 
their expectations of what they will see. In fact, both kind-based claims 
and instance-specific claims may have this effect: when one hears, “This 
Ylang-Ylang flower is fragrant,” one might expect to observe that a 
single Ylang-Ylang flower is distinctive, and that the general tendency of 
such flowers is not to be fragrant (Cimpian, Brandone, & Gelman, 2010; 
Cimpian, Gelman, & Brandone, 2010). On the other hand, prior work 
has shown that hearing generic claims, such as “Ylang-ylang flowers are 
fragrant,” leads to the expectation that the property is either ubiquitous, 
or dangerous, or a central feature of the category (Cimpian, Brandone, & 
Gelman, 2010; Cimpian, Gelman, & Brandone, 2010; Gelman, Ware, & 
Kleinberg, 2010; Rhodes et al., 2012). Because learners expect that 
generic claims refer to high-prevalence properties, hearing such claims 
may have different effects when followed by observations that match 
these expectations (observing the property with high frequency) than 
when followed by observations that mismatch expectations (observing 
the property with low frequency). 

A study by Chambers and colleagues (2008) shows that the same 
sample of deterministic observations leads to different patterns of 
generalization depending on whether it follows generic or non-generic 
claims. Here, adults and children were presented with either generic 
or non-generic testimony about a novel category (i.e., “Pagons are 
friendly” or “This pagon is friendly”) and followed this with observa-
tions of deterministic evidence of the property in a sample (100%, or 5 
out of 5 pagons, were friendly). Learners of all ages were more likely to 
generalize a property to a single new category member after hearing 
generic testimony than specific or non-generic testimony (also see 
Hermansen, Ronfard, Harris, Pons, & Zambrana, 2021; Hoicka, Saul, 
Prouten, Whitehead, & Sterken, 2021; Stock, Graham, & Chambers, 
2009). 

This example leaves open our original question about the professor 
and his flowers. When testimony sets up expectations that are not met by 
first-hand observations, how do learners resolve this conflict? Prior work 
shows that even young children check testimony against their own ob-
servations when inferring speaker reliability (Koenig & Harris, 2005a, 
2005b; Mills, 2013), knowledge (Sobel & Kushnir, 2013), expertise 
(Keil, 2010; Kushnir, Vredenburgh, & Schneider, 2013), and general 
trustworthiness (Harris & Corriveau, 2011). Moreover, mismatches be-
tween testimony and children’s own observations in a categorization 
paradigm led participants to show decreasing reliance on the testimonial 
claims over time (Ronfard, Lane, Wang, & Harris, 2017). Thus, when 
expectations formed by hearing testimony are not matched by one’s own 
observations, learners have shown a tendency to dismiss or mistrust 
claims due to skepticism of the speaker’s credibility. 

Yet kind-based claims, especially generic claims, present a unique 
case. Unless they strongly contradict our own knowledge or observa-
tions (to continue our example, this would be the equivalent of being 
certain that no Ylang-Ylang flowers have a fragrance), they are not easy 
to verify (because the kind is a non-visible, abstract entity; Gelman, 
2023), and thus potentially not easy to dismiss. In support of this, a study 
by Koenig et al. (2015) showed that child and adult learners explicitly 
rate speakers who make generic claims about kinds as more knowl-
edgeable than those who make specific claims about individual mem-
bers of a kind, even when those claims are not easily verifiable. Since 
observing a small sample of instances – especially probabilistic evidence 
– can yield uncertainty about representativeness, this could be enough to 
lead learners to weigh claims from a speaker that they consider to be 
knowledgeable more heavily than their own observations. 

The review above suggests a pathway through which observations 
and testimony may interact to influence category learning. Testimony 
sets up expectations that either can be verified by a sample of 
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observations or can conflict (partially or wholly) with the sample. When 
there is conflict, we predict two consequences. First, claims that are hard 
to verify (such as generic claims) might weigh more heavily in category- 
based induction than first-hand observations of statistical evidence. But 
also, observations can help a learner evaluate a speaker’s claims to 
know, and, to the extent that learners judge that speaker to be more (or 
less) knowledgeable, the claims may be given more (or less) weight in 
inductive generalizations. 

Our method is a category learning task in which objects of a novel 
kind (e.g., blickets) had a causal property (making a machine light up 
and play music) with some probability, ranging from 10% to 100%. In 
Study 1, we examine the degree to which adults generalize the causal 
property to new objects and attribute knowledge to the speaker. We then 
explore category-based inductive inferences both when evidence sup-
ports testimony and when it conflicts, and whether inferences are 
mediated by ratings of speaker knowledge. We follow this with Study 2, 
a simplified version of the task with young children that emphasizes 
cases of conflict between kind-based claims and low-frequency statisti-
cal evidence. The work reviewed above suggests parallels between 
children and adult learners both in learning from statistical evidence and 
in use of kind-referring testimony. Thus, we might expect children to 
integrate both sources of evidence in similar ways to adults. On the other 
hand, there are reasons to expect differences due to the unique power of 
testimony to shape children’s beliefs and causal inferences, and even to 
bias their memories for observed events. More details on these potential 
differences are discussed in Study 2. Stimuli and data for both studies 
can be found at https://osf.io/d73jx/. 

1. Study 1 

We presented a novel object category (e.g., blickets) and demon-
strated a property (making a machine light up and play music) of a 
sample of category members, with some probability. Participants were 
randomly assigned to conditions that systematically varied the fre-
quency of the property from 10% (1 out of 10 objects in the sample had 
the property) to 100% (all of the 10 objects in the sample had the 
property). One group of learners, randomly assigned, were taught the 
name of the category only, and observed the evidence in the absence of 
any testimony about the property (Label-only condition). In this case, we 
expected that estimates of the prevalence of the property in the category 
would increase as a function of an increase in frequency of the property 
in the sample. 

We also tested whether this relation between observed frequency and 
prevalence estimates changed when introducing different types of tes-
timony in three experimental groups, randomly assigned: Generic, 
Quantified (All), or Specific (This). One set of participants in each 
observed frequency condition (10 total groups) heard an informant 
make a Generic claim about the property (e.g., “Blickets make the ma-
chine go”). Another set of participants (again, 10 total groups, one in 
each observed frequency condition) heard a Quantified claim that the 
property was present in “all” category members (e.g., “All blickets make 
the machine go”). We compared these two sets of participants who heard 
kind-based claims about the property (i.e., generic or ‘all’) with one set 
(10 groups) who heard the informant make a Specific claim about the 
property of only one of the objects in the sample (e.g., “This blicket 
makes the machine go”). As explained above, we contrasted all three 
testimony conditions with a control group that only heard an informant 
label the objects and was given no information about the properties 
(label-only condition). 

Our measure of interest was participants’ property prevalence esti-
mates – do kind-based testimonial claims influence prevalence estimates 
across observed frequencies? If, as has been found in prior work, par-
ticipants assume that generic and quantified “all” claims indicate high 
prevalence, then perhaps those who hear either type of claim would 
over-estimate the prevalence of the property above baseline, and above 
hearing specific claims about the property of one category member. 

However, given semantic distinctions between generic and quantified 
claims, the relation between observed frequency and prevalence esti-
mates might also differ between the two conditions. Because generic 
claims are judged to be true for low-frequency properties as well as high- 
frequency ones, this could lead to different prevalence estimates for “all” 
than for generic wording, across the full range of observed frequencies. 
We contrast this with the other two conditions, the Specific (“This”) and 
Label-Only conditions, where prevalence estimates are expected to 
match observed frequencies more closely. 

Our second question was how participants would use their obser-
vations to verify testimonial claims, and, based on this, make judgments 
about the knowledge of the informant. To explore this, we asked for 
ratings of the informant’s knowledge of the category and of the causal 
property, and we also asked participants if they endorsed additional 
claims made by the informant of a novel category label, and a novel 
claim about the causal property. We were particularly interested to see 
how participants would react to kind-based claims that mismatched 
observed frequencies (i.e., low observed frequency). Under conditions of 
mismatch, we expected participants’ attributions of speakers’ knowl-
edge, and endorsements of novel claims, to be low. We reasoned that low 
knowledge attributions/endorsements would be most likely when ob-
servations logically contradict speaker’s testimony (in the “All” condi-
tion, where testimony can be contradicted by a single counterexample). 
Generic claims paired with low observed frequency could lead to one of 
two patterns: Either they might lead to low knowledge attributions/ 
endorsements because the testimony implies high prevalence, or, given 
the flexibility of generic claims to varying interpretations, knowledge 
attributions following such claims may remain high. We contrast this 
with how participants rate the knowledge of an informant who makes 
specific, verifiable claims that are limited in scope to one category 
member, and how they rate the knowledge of an informant who offers 
no information beyond a category label. 

Our third question was whether we would find a relation between 
knowledge attributions and prevalence estimates. This could occur if 
attributions of knowledge influence estimates, and participants assign 
greater weight to any testimony they perceive to be coming from a 
knowledgeable source. This could also occur if estimates influence 
knowledge ratings, and participants rate a source as more knowledge-
able when their claims match the participant’s own assessment of 
events. Either way, a separate relation between knowledge attributions 
and estimates that holds regardless of the observed frequency would 
provide further support for the idea that participants use each source of 
evidence (observations and testimony) as a way to verify and check the 
other. 

1.1. Method 

1.1.1. Participants 
One thousand two hundred and forty-nine adults (654 female, age 

range 16–86 years, Mage = 37 years, SD = 11 years) participated in the 
study through Amazon Mechanical Turk in exchange for monetary 
compensation. Data were collected from U.S. participants only. Partic-
ipants were majority white (80%) and non-Latino/a (92.9%). A majority 
had attended college (38% with a 4-year degree, 12% with a 2-year 
degree, 26% some college, 12% with a graduate or professional degree). 

1.1.2. Procedure 
A random number generator assigned each participant to one of 40 

conditions, for a total of 30–33 participants per condition. Each condi-
tion combined one of 4 types of testimonial claims (Specific, Generic, 
Quantified (“All”), Label Only) and one of 10 observed frequencies of the 
novel causal property (ranging from 1/10 to 10/10, inclusive). 

The procedure consisted of two trials, each with the same characters, 
observed frequency, and testimony, but with different objects (Trial 1: 
“blickets” and Trial 2: “midos”) and a different-colored machine. On 
each trial, participants first watched a short video then answered a set of 
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questions. The video began with a girl who introduced the “special 
music machine,” her friend Zorg, and an array of objects on a shelf that 
she labeled (i.e., “Here are some blickets” in Trial 1). Zorg then made 
one of the following testimonial claims, depending on condition (see 
Fig. 1): 

Generic claim: “Wow, look at those blickets! I know something about 
blickets. Blickets make the machine go.” 

Quantified (“All”) claim: “Wow, look at those blickets! I know some-
thing about all blickets. All blickets make the machine go.” 

Specific claim: “Wow, look at those blickets! I know something about 
this blicket. This blicket makes the machine go.” [In this condition, the 
blicket Zorg refers to is always the one closest to him, and as he speaks, 
he “points” to it with a dashed line connecting his hand to the object.] 

Label Only [baseline]: “Wow, look at those blickets!” 
After hearing Zorg’s claim, the video showed the 10 objects passing 

through the machine (they entered the top and exited the bottom), one 
at a time. When the machine “activated,” it changed color and made a 
loud trumpeting sound. The first object always had the property of 
activating the machine, insuring that, in the Specific condition, Zorg’s 
claim was accurate. After the first object, a random subset of the 
remaining objects activated the machine, depending on the observed 
frequency assigned. 

Following the video, participants made two knowledge attribution 
ratings, which together served as their evaluation of the knowledge of 
the speaker: A Category Knowledge Attribution (“How much do you think 
Zorg knows about blickets?”) and a Machine Knowledge Attribution 
(“How much do you think Zorg knows about the machine?”). Answer 
choices for both were on a three-point scale: 0 – Nothing, 1 – A little bit, 
2 - A lot. Participants also answered the focal Property Prevalence Es-
timate: “Imagine there were more blickets here. What percentage of these 
blickets would make the machine go?” Participants were allowed to enter 
numbers ranging from 0 to 100. The trial concluded with two oppor-
tunities for participants to endorse claims made by the informant, each 
about a different novel object. The first was a New Label claim; Zorg 
labeled a novel object (“Lem”), and participants were asked, “Is this a 
lem?” The second was a Same Property claim; Zorg claimed that a new 
object “makes the machine go” (with the same machine as in the 
“blickets” movie) and participants were asked, “Does this make the ma-
chine go?” Responses were coded 1 = yes, 0 = no. Following Trial 1, 
participants began Trial 2 by watching the second video and answering 
the same set of questions about “midos.” The observations and testimony 
were the same for each trial. 

1.2. Results 

1.2.1. Property prevalence estimates 
We examined the influence of Trial Order (First or Second, within 

participants), Observed Frequency (1/10 through 10/10, between par-
ticipants), Testimony (Specific, Generic, Quantified, Label Only, be-
tween participants), and the interaction of Observed Frequency and 
Testimony on Prevalence Estimates, using a linear mixed effects model.2 

Parameter estimates for the model are shown in Table 1, with Testimony 
dummy coded so that the Label Only condition is the reference category. 
The main effects and interaction can be seen in the model of predicted 
values in Fig. 2. 

There was no effect of Trial Order (F(1,2460) = 0.06, ns). There was a 
significant main effect of Observed Frequency (F(1,2460) = 3311.3, p <
.001), such that higher observed frequencies led to higher prevalence 
estimates. There was also a significant main effect of Testimony (F 
(3,2460) = 11.9, p < .001) such that prevalence estimates were on 
average higher in the Generic and Quantified (“All”) conditions than in 
the Label Only condition. Finally, there was a significant interaction 

between Testimony and Frequency (F(3,2460) = 6.6, p < .001). In the 
Generic conditions, the slope of prevalence estimates was significantly 
smaller than the slopes of all three other conditions (Label Only, t(3) =
− 4.15, p < .001; Specific, t(3) = 3.46, p < .001; Quantified t(3) = 2.70, p 
< .001). The slopes did not differ between the other three conditions. 

Fig. 3 suggests that generic language may have the effect of “flat-
tening” participants’ estimates at the extremes – that is, participants 
were more likely to estimate above observed frequencies when they 
were low, and more likely to estimate below observed frequencies when 
they were high. To check whether this was the case, we used one-sample 
t-tests to compare the observed to the estimated frequencies in each of 
the generic language conditions (from 10% up to 100%; see Fig. 3 for a 
plot of all of the means and 95% CI). These t-tests suggest that the effect 
of generic language was strongest at both extremes: In the 1/10 condi-
tion the average overestimate was 17.6% above observed frequencies (M 
= 27.6%, SE = 5.4%, t(32) = 3.26, p < .01), and in the 10/10 condition 
the average underestimate was 17.8% below observed frequencies (M =
82.2%, SE = 5.2%, t(29) = − 3.43, p < .01). The remaining conditions 
were mixed: Participants in the 2/10 and 3/10 conditions overestimated 
(2/10: M = 29.1%, SE = 4.2%, t(30) = 2.16, p < .05; and 3/10: M =
35.4%, SE = 2.3%, t(29) = 2.36, p < .05). Participants in the 4/10 
condition significantly underestimated (M = 33.3%, SE = 2.2%, t(31) =
− 3.06, p < .01). Participants in the 5/10, 6/10, 7/10, and 9/10 condi-
tions estimated around the observed frequencies (ps > 0.05). Partici-
pants in the 8/10 conditions underestimated (M = 71.2%, SE = 4.2%; t 
(30) = − 2.09, p < .05). While results should be interpreted with caution, 
they suggest participants overestimated low observed frequencies, and 
may have done so more often than they underestimated high ones. 

1.2.2. Label and property endorsements 
We analyzed the percentage of endorsements for each of the ques-

tions using a logistic GEE with Trial (1 or 2, within participant) and 
Endorsement Type (New Label, Same Property, within participant), 
Testimony (Label Only, Specific, Generic, Quantified, between partici-
pants), Observed Frequency (1/10 through 10/10, between partici-
pants), and the various interactions (all 2- and 3-way except with Trial) 
as predictors. There a main effect of Endorsement Type (Wald χ2(1) =
72.5, p < .001), a main effect of Testimony (Wald χ2(3) = 17.4, p =
.001), a main effect of Observed Frequency (Wald χ2(1) = 10.7, p =
.001), an interaction of Testimony and Observed Frequency (Wald χ2(1) 
= 8.5, p = .037), and no other significant effects. 

Fig. 4 shows the results across conditions in detail. Overall, New 
Label endorsements – in which participants were asked to endorse 
Zorg’s claims about labels for new objects – were higher than Same 
Property endorsements – in which participants were asked to endorse 
Zorg’s claims about a new object having the same causal property. New 
Label endorsements were similar across Testimony conditions (Wald 
χ2(3) = 5.52, ns), but Same Property endorsements were different 
depending on Testimony condition (Wald χ2(3) = 29.81, p < .001). 
Fig. 4 shows that the interaction of Observed Frequency and Testimony 
was mainly due to Same Property endorsements at or near chance (50%) 
in the Quantified (“All”) condition at low observed frequencies. 

1.2.3. Knowledge attributions 
We then examined the influence of Trial Order, Observed Frequency, 

Testimony, and the interaction of Observed Frequency and Testimony 
on average Knowledge Attributions (combined across both Category 
Knowledge and Machine Knowledge questions), using a linear mixed- 
effects model. Parameter estimates for the model are shown in 
Table 2; the Label Only condition is the reference category. An illus-
tration of the main effects and interaction can be seen in Fig. 5. 

There was no significant effect of Trial Order (F(1,2488) = 0.2, ns). 
There was a significant main effect of Observed Frequency (F(1,2488) =
125.9, p < .001). There was also a significant main effect of Testimony (F 
(1,2488) = 22.2, p < .001): attributions of knowledge were highest in 
the Specific condition (M = 1.32, SD = 0.52), next highest in the Generic 

2 A Q-Q plot of the prevalence estimates showed that they were approxi-
mately normally distributed. 
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condition (M = 1.22, SD = 0.51), and lowest in the Quantified (M =
1.07, SD = 0.53) and Label Only (M = 1.04, SD = 0.46) conditions. 
Finally, there was a significant interaction between Observed Frequency 
and Testimony (F(1,2488) = 9.9, p < .001). The correlation between 
knowledge attributions and observed frequency were significantly 
greater in the Generic and Quantified conditions than in the Specific and 
Label Only conditions (see parameter estimates in bold in Table 2). 

1.2.4. Knowledge attributions and prevalence estimates 
Our final question concerned whether knowledge attributions play 

an independent role in predicting prevalence estimates above and 
beyond the influence of Observed Frequency and Testimony. We 
addressed this question by regressing the average Knowledge Attribu-
tions and their interactions with Observed Frequency and Testimony on 

the residuals from the model in Table 1. The main effect of Knowledge 
Attributions was significant (F(1,2460) = 60.0, p < .001) as were the 
interactions between Knowledge Attributions x Testimony (F(3,2460) =
7.7, p < .001), between Knowledge Attribution x Observed Frequency (F 
(1,2460) = 10.3, p = .001), and the three-way interaction (F(3,2460) =
4.6, p = .003). 

In order to interpret the interactions, we looked at the correlations of 
prevalence estimates and the deviations from condition averages (re-
siduals of the model in Table 1) as a function of Testimony. In the No 
Label and Specific Conditions, deviations of prevalence estimates from 
the condition average were not related to knowledge attributions (cor-
relation between residuals and average Knowledge Attributions: No 
Label condition, r2(314) = − 0.06, ns; Specific Condition, r2(311) = 0.06, 
ns). This is unsurprising, given that knowledge attribution ratings in 
these conditions were not substantially related to observed frequency 
(see Table 2/Fig. 5). 

In the Generic and Quantified conditions, higher knowledge attri-
butions related to higher-than-average prevalence estimates (correlation 
between residuals and Average Knowledge Attributions: Generic con-
dition, r2(312) = 0.24, p < .001; Quantified Condition, r2(307) = 0.28, 
p < .001). Bearing in mind that most participants in the Generic and 
Quantified conditions gave higher knowledge ratings at high observed 
frequencies (see Fig. 5), this result suggests that the highest knowledge 
ratings (i.e., participants who said Zorg knew “a lot” rather than just “a 
little”) corresponded to higher-than-average prevalence estimates. 

1.3. Discussion 

In Study 1, adult participants were provided with two types of evi-
dence about a novel category and its property. They heard a testimonial 
claim, and they observed the property with some frequency in a sample 
of category members. Provided with this evidence, participants were 
asked to estimate the prevalence of the property in the category as a 
whole, and to attribute knowledge to the informant who made the 
testimonial claim. 

To begin with, it should be noted that participants in our study 
responded in a systematic way to the statistical information in the 
sample they observed, which is consistent with prior work on causal 

Fig. 1. Design of the procedure for Study 1. Participants were assigned to one of four testimony conditions and one of 10 frequency conditions for a total of 40 
between-subjects conditions. 

Table 1 
Parameter Estimates of the mixed model predicting Prevalence Estimates by 
condition. Testimony is dummy coded so that the Label Only condition is the 
reference category.  

Parameter Estimate SE t (df =
2460) 

Intercept of Label Only condition 3.70 1.80 2.05*** 
Slope of Label Only condition 0.89 0.03 31.25*** 
Intercept difference between Label Only and 

Specific Conditions 
0.17 2.50 0.07 

Intercept difference between Label Only and 
Generic Conditions 

11.72 2.48 4.73*** 

Intercept difference between Label Only and 
Quantified (“all”) Conditions 

9.24 2.50 3.70*** 

Slope difference between Label Only and 
Specific Conditions 

− 0.03 0.04 − 0.67 

Slope difference between Label Only and 
Generic Conditions 

− 0.17 0.04 − 4.15*** 

Slope difference between Label Only and 
Quantified (“all”) Conditions 

− 0.06 0.04 − 1.39 

Adj. R2 = 0.62. 
*p < .05. 
**p < .01. 
***p < .001. 
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inference from statistical evidence. Low observed frequencies led to low 
prevalence estimates, and high observed frequencies led to high prev-
alence estimates. However, testimonial claims about the category 
influenced this basic pattern. 

Following Generic claims (“Blickets make the machine go”), the 
linear relation between observed frequency and prevalence estimates 
was flatter than in the other three conditions. This effect can be seen 

most clearly at the extreme ends of the range. Following low observed 
frequencies (10–30%), participants’ estimates were higher than the 
observed frequencies (Fig. 3), and relatively higher than when a speaker 
made no property claims (Label Only condition) or verifiable claims 
about a single category member (Specific condition). A comparable ef-
fect appears, but in the opposite direction, for high frequency cases 
(70%–100%). Moreover, attributions of knowledge to the generic 

Fig. 2. An illustration of the main effects of Frequency, Testimony, and the interaction between the two on participants’ estimates of property prevalence.  

Fig. 3. Average prevalence estimate, and 95% confidence intervals of the mean by Testimony and Frequency conditions. The dashed line represents the actual 
observed frequency. 
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speaker were always as high or higher than baseline, and endorsements 
of the generic speaker’s claims about the causal property of a novel 
object were steady regardless of observed frequencies (Fig. 5). This is 
consistent with prior work showing that adults are more likely to 
endorse the knowledge of, and learn from, speakers who make generic 
versus specific claims (Butler & Markman, 2014; Cimpian & Park, 2014; 
Koenig et al., 2015). Altogether, these findings suggest that trust in 
generic testimony may lead learners to question how well a sample of 

observations represents the category as a whole and therefore to adjust 
away from the extremes in their inductive inferences. 

Quantified “all” claims (“All blickets make the machine go”) led to 
higher prevalence estimates than baseline across the range of observed 
frequencies. They also led to the greatest degree of skepticism about the 
knowledge of the informant, and about his subsequent claims to know. 
But this skepticism did not seem to be based on a straightforward logical 
relation between the sample and the claim. If participants were treating 
their own observations as counterevidence against the claim, then any 
frequency below 100% would have overwhelmingly led to responses 
that the informant knew “nothing” or “little” about the category (but 
this result was not obtained), and potentially would also have led par-
ticipants to reject subsequent claims. Instead, the relation between 
knowledge attributions and frequency paralleled the results in the 
Generic condition. This could be due to a tendency to recall quantified 
claims as generic (Leslie & Gelman, 2012), so that both types of claims 
were treated similarly. But it could also have been due to a more general 
level of trust for kind-based claims, especially those stated with confi-
dence, combined perhaps with an uncertainty about probabilistic evi-
dence coming from a small sample of category members. 

In both Generic and Quantified (“All”) conditions, knowledge attri-
butions predicted prevalence estimates above and beyond the evidence 
available in the testimonial claims themselves. Because these effects are 
correlational, our data are consistent with three competing in-
terpretations. One possibility, suggested above, is that participants’ 
beliefs about the knowledge of the speaker influenced prevalence esti-
mates. That is, when the speaker made category-based claims, partici-
pants may have weighed those claims more heavily because they 
believed he was more knowledgeable. Another possibility is that par-
ticipants’ beliefs about the statistical evidence influenced their knowl-
edge ratings. More specifically, participants who were willing to 
generalize the property widely despite low observed frequencies in the 

Fig. 4. Proportion of endorsements (“yes” responses) to the New Label and Same Property questions by Observed Frequency in the Label Only, Specific, Generic, and 
Quantified Conditions. Error bars represent 95% confidence intervals of the mean. Dotted lines represent chance performance (50%). Comparing patterns across 
conditions, this figure shows that endorsements of claims made about the properties of new objects to “make the machine go” were lowest when the informant had 
previously made Quantified “all” claims about the properties and the observed frequencies of the property in the sample were low. This contrasted with a general 
willingness to endorse the informant who had previously made generic claims. 

Table 2 
Parameter Estimates of the mixed model predicting Knowledge Attributions by 
condition. Testimony is dummy coded so that the Label Only condition is the 
reference category.*  

Parameter Estimate SE t (df =
2488) 

Intercept of Label Only condition 0.92 0.04 21.24*** 
Slope of Label Only condition 0.002 0.001 3.30** 
Intercept difference between Label Only and 

Specific Conditions 
0.31 0.06 5.12*** 

Intercept difference between Label Only and 
Generic Conditions 

0.02 0.06 0.32 

Intercept difference between Label Only and 
Quantified (“all”) Conditions 

¡0.18 0.06 − 2.99** 

Slope difference between Label Only and 
Specific Conditions 

¡0.001 0.001 − 0.53 

Slope difference between Label Only and 
Generic Conditions 

¡0.003 0.001 − 3.18** 

Slope difference between Label Only and 
Quantified (“all”) Conditions 

¡0.004 0.001 3.92*** 

Adj. R2 = 0.22. 
* p < .05. 
** p < .01. 
*** p < .001. 
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sample (those who overestimated prevalence) were thus also more likely 
to endorse claims that generalized the property (“blickets/all blickets 
make the machine go”), and this may have resulted in rating the speaker 
as more knowledgeable. A third possibility is that the correlations we 
observed reflect some underlying individual difference between partic-
ipants in how much they weigh their own observations or the language 
of others in learning something new. 

Regardless of the direction of the effects, however, this correlation, 
taken together with the main effects of both statistical evidence and 
testimonial language on inductive inferences, suggest that when adult 
learners have access to both sources of information, they use both 
sources of evidence in their reasoning. That is, adult learners use in-
formation about testimony to verify their observations and use their 
observations to verify the speakers’ claims. Thus, it is both important 
and revealing that prevalence estimates were more strongly tied to 
knowledge attributions when participants heard kind-relevant testi-
mony (Quantified or Generic), but not when they heard specific claims 
or just bare labels. This makes sense when considering which types of 
claims are easy to verify with one’s own observations and which are less 
so. Thus, our results support a growing number of studies in showing 
that generic claims are both more likely to be believed (Koenig et al., 
2015), and, separately, more likely to “count” as evidence for category 
learning than other types of claims (Gelman et al., 2010; Rhodes et al., 
2012). 

2. Study 2 

In Study 2, we investigate how testimony and observation interact 
for young children. Generics abound in child-directed speech (Gelman, 
Hollander, Star, & Heyman, 2000) as well as children’s own speech 
(Gelman, Goetz, Sarnecka, & Flukes, 2008). By roughly 2.5 years of age, 
children appropriately produce generics (“Does lions crawl?”; “Boys 
don’t ever be ballet dancers”; Brandone, Cimpian, Leslie & Gelman, 
2012; Gelman, Leslie, Gelman, & Leslie, 2019), comprehend generics as 
kind-referring and distinct from specific reference (Graham, Gelman, & 
Clarke, 2016), and recall whether information was provided using 
generic or specific language (Gülgöz & Gelman, 2015). By age 2–3 years, 

children are exquisitely sensitive to the semantic implications of ge-
nerics as expressing conceptually central generalizations, and implying 
that a category is homogeneous, inductively rich, and stable over con-
texts (Cimpian, 2010; Gelman et al., 2010; Gelman & Brandone, 2010; 
Graham, Nayer, & Gelman, 2011; Rhodes et al., 2012). 

In Study 1, the influence of testimony on adult learners was most 
apparent for low-frequency observations. Thus, in Study 2 we chose to 
focus on the 30% condition, in which adult participants consistently 
overestimated prevalence. Because of the high degree of conflict be-
tween the expectations formed by kind-relevant testimony and the low- 
frequency observations, we believe that this provides the most inter-
esting avenue for understanding how children prioritize one source over 
the other, and/or integrate the two sources of information. 

Children were tested across the same four conditions (Label-only, 
“All”, Generic, Specific) as adults. We used the same videos as in the 
corresponding conditions of Study 1. The procedure for children was 
modified in three ways. Two modifications were minor: The questions 
were worded more simply, in order to obtain property prevalence esti-
mates in a child-friendly way, and additional memory checks were 
included, to ensure that children understood the format of the questions 
and were able to track the observed frequencies as they watched the 
videos. The more substantial modification was that we did not include 
knowledge questions. Pilot testing revealed that, regardless of condition, 
nearly all children were overly optimistic about the informant’s 
knowledge of objects and the machine (i.e., they said he knew “a lot”). 
This did not, however, prevent us from addressing our central question 
of whether testimony would interact with observations to influence 
prevalence estimates, and whether it would do so in a way that is similar 
to or different from adults. 

As mentioned above, prior work led us to expect similarities between 
adult and child learners, but also important differences. One potential 
developmental difference might be in the power of labels in influencing 
children’s category-based induction. Even in the absence of evidence of 
a property, labels lead children to make inductive inferences about 
hidden, non-obvious properties of natural kinds (Gelman & Markman, 
1986) and causal properties of novel physical objects such as those in 
our study (Gopnik & Sobel, 2000). Thus, the presence of a category label 

Fig. 5. An illustration of the main effects of Frequency, Testimony, and interaction between the two on participants’ knowledge attribution ratings.  

Z. Finiasz et al.                                                                                                                                                                                                                                  



Cognition 244 (2024) 105707

9

(e.g., “blicket”) alone might be enough to lead children to overestimate 
property prevalence above and beyond the observed frequencies, or 
even to disregard counterevidence from their own observations (see 
Schulz, Bonawitz, & Griffiths, 2007, for a similar finding in children’s 
exploratory play). Should this be the case, we may see overestimations 
in children’s prevalence estimates when the category is labeled, even 
when no claims about the property are made. One exception to this 
might be specific claims (“This blicket makes the machine go”), which 
imply that the label is not sufficient for property generalization. We 
tested both of these predictions by focusing our analyses on comparisons 
between testimony conditions and by directly comparing children’s re-
sponses to adults’. 

Another potential difference might be the influence of testimony on 
children’s memory for observed events, in particular when those events 
are probabilistic. Observing probabilistic data creates uncertainty, and 
although children are capable of resolving this uncertainty on their own 
(Kushnir & Gopnik, 2005; Schulz & Sommerville, 2006), they also rely 
on testimony more heavily in such cases (Bridgers, Buchsbaum, Seiver, 
Griffiths, & Gopnik, 2016; McLoughlin, Finiasz, Sobel, & Corriveau, 
2021; Plate, Shutts, Cochrane, Green, & Pollak, 2021). Evidence for the 
influence of testimony on memory is mixed. In daily life, testimony can 
lead to children’s selective remembering of some events over others 
(Nelson & Fivush, 2004) or even to false memories (Ceci & Bruck, 1993). 
In word learning, memory and inference are dissociated: children block 
information from unreliable speakers, but episodic memory for the 
claims themselves is left intact (Sabbagh & Shafman, 2009). As such, our 
procedure included two memory questions, and children’s responses 
were compared between testimony conditions. 

2.1. Method 

2.1.1. Participants 
One hundred and twenty-three 4- and 5-year-olds (Mage = 5.06 years, 

SD = 0.61 years, range 4.01–5.99 years) participated. Each child was 
randomly assigned to the Generic condition (n = 31), the Specific con-
dition (n = 29), the “All” condition (n = 33), or the Label Only condition 
(n = 30). Three additional children were tested but excluded from 
analysis, for not completing the study (n = 1) or because they were older 
siblings outside of the target age range (n = 2). An a priori power 
analysis (ANCOVA, sufficient power for main effects and interactions) 
determined a sample size of 124 was necessary to obtain 80% power. 

2.1.2. Procedure 
Children were tested virtually via zoom. An adult parent or guardian 

was asked to open a Qualtrics survey and share their screen with the 
experimenter. Adults were also asked to refrain from providing their 
child with any hints or guidance during the survey and were only 
allowed to help their child click through the survey and record their 
answers. All children were able to complete the survey without adult 
interference. 

Children were randomly assigned to one of four Testimony condi-
tions – Generic, Specific, “All”, or Label Only. The Observed Frequency 
of the property in each condition was identical and low – 3 out of 10 
objects made the machine go. Children saw two Trials, the first with 
“blickets” and the second with “midos,” as in Study 1. 

Children began by completing three training questions. They saw an 
array of ten items (for example, five cars and five boats) and were asked 
to select certain items from this array (e.g., “Can you click on the 
boats”). They were also told to let the experimenter know whenever they 
were “all done clicking.” This allowed children to become familiar with 
the process of clicking on items on their own screens. All children 
completed the training questions without error (e.g., clicking on the 
boats and failing to click on the cars). 

After the training phase, children began by watching the video of 
Zorg and the objects on Trial 1 (“blickets”). As in Experiment 1, Zorg’s 
testimony about the objects varied by condition. In the Generic and “All” 

conditions, Zorg made a claim about the category (e.g., Generic: 
“Blickets make the machine go”; “All”: “All blickets make the machine 
go”). In the Specific Condition, Zorg made a claim about one item in the 
set (e.g. “This blicket makes the machine go”), and in the Label Only 
Condition Zorg just labeled the items (e.g. “Wow, look at those blick-
ets!”). Immediately after this first presentation of the video, the exper-
imenter asked Memory Question 1 while showing a still from the 
movie: “Remember these blickets. These are the ones from the movie, 
the ones that already went in the machine. Do you remember which ones 
made the machine go? Can you click on the ones that made the machine 
go?” (see Fig. 6, left hand side). After this, the movie was played one 
more time. Showing this question between the two presentations of the 
video helped to motivate the children to track the objects as they went 
into the machine (anecdotally, they showed signs of “checking” their 
memories against the second presentation of the video by vocalizing 
their recollections and “corrections” to them as the second video 
played). 

Following both video presentations, we asked four questions in a 
counterbalanced order: (1) For Memory Question 2 we followed the 
same form as Memory Question 1. (2) For the Prevalence Estimate 
Question, children were shown an array of 10 objects belonging to the 
category (“blickets” or “midos” on Trial 1 or 2 respectively) without the 
informant or machine (see Fig. 6, right hand side). They were told, 
“These are new ones; we haven’t seen them go in the machine yet.” Then 
they were asked, “Which ones will make the machine go? Can you click 
on the ones that will make the machine go?” (3) For the Prediction 
Question, children were shown a picture of one object in the category 
(“blicket” or “mido”). They were told, “Okay, here’s another one just 
like the ones you saw before.” Then they were asked to label the object, 
“Do you remember what this is?” and to predict whether it would have 
the property, “Do you think this blicket [mido] makes the machine go?” 
(4) For the Generalization Question, children were shown a new object 
(different shape and color) and asked to identify it as belonging to the 
category or not, “Is this a blicket [mido]?”, then asked whether the 
property would generalize to the new object, “Do you think it makes the 
machine go?” 

Coding. A research assistant who was not informed of the hypotheses 
or conditions recorded the participants’ responses from the Qualtrics 
survey. Memory questions and Prevalence estimates were coded for the 
number of objects selected (out of 10). Prediction questions were coded 
for whether the child said “yes” or “no.” Generalization questions were 
coded for whether the child said the object belonged to the blicket/mido 
category, and whether the child said “yes” or “no” to the generalization 
question. A second research assistant spot-checked 10% of the data for 
errors, and no discrepancies were found. 

2.2. Results 

2.2.1. Prevalence estimates 
To compare children’s responses on the prevalence estimates across 

testimony conditions, we ran a linear mixed model using Testimony 
(Generic, Specific, “All”, Label-Only, between subjects), Trial Order (I or 
II, within subjects), and Age (in months) as predictors. We found main 
effects of Testimony (F(3,116) = 4.806, p = .003) and Age (F(1,116) =
5.06, p = .026). Trial Order was not significant (p = .711). Fig. 7 shows 
the predicted prevalence estimates and 95% confidence intervals from 
the model. Post-hoc comparisons between conditions revealed that 
children in the Specific condition chose significantly fewer objects than 
those in the Label Only and “All” conditions (Fisher’s LSD: Specific-Label 
Only: p = .019; Specific-All: p < .001). There were no other significant 
differences between conditions (Fisher’s LSD: all ps > 0.056). Overall, 
older children chose fewer objects than younger children (r(121) =
0.219, p = .016). 

2.2.2. Prevalence estimates: adults and children 
We then compared children’s responses on the prevalence estimate 
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questions to adults’ responses in the analogous conditions (30% 
observed frequency, N = 122). Because adults’ responses were out of 
100, we divided by 10 to match the scale used with children. We ran a 
linear mixed model using Age Group (Adult, Child, between subjects), 
Testimony (Generic, Specific, “All”, Label-Only, between subjects), Trial 
Order (I or II, within subjects), and the 2-way interaction of Age Group 
and Testimony as predictors. There were main effects of Testimony (F(3, 
226) = 61.28, p < .001) and of Age Group (F(1, 226) = 76.06, p < .001). 
There was no significant Age Group*Testimony interaction (F(3, 226) =
2.00, ns) and no significant effect of Trial Order (F(3, 226) = 0.44, ns). 
Fig. 8 shows the average number of objects selected on the prevalence 
estimates by Testimony and Age Group. Children selected more objects 
than adults in all conditions. 

We next compared the average responses to the prevalence questions 
to the observed frequency (3), as a function of age group and testimony 

conditions. Fig. 8 shows how the mean response in each condition and 
age group compared to the observed frequency. One-sample t-tests show 
that for children, these averages were significantly above the observed 
frequency in all four conditions (all ps < 0.01). For adults, these averages 
were significantly different from the observed frequency only in cases 
where they had heard kind-referring claims (Generic and “All” 
conditions). 

2.2.3. Memory questions 
To compare children’s responses on the memory questions across 

Testimony conditions, we ran a linear mixed model using Testimony 
Condition (Generic, Specific, “All”, Label-Only, between subjects), Trial 
Order (I or II, within subjects), Question Order (Memory 1 or Memory 2, 
within subjects), and Age (in months). There was a main effect of Tes-
timony Condition (F(3,116) = 7.98, p < .001), and a main effect of Age 

Fig. 6. An example of a Memory (left) and Prevalence (right) Question from Study 2. The memory question showed a still from the video, and children were asked if 
they “remember the ones that made the machine go” and point to them. The prevalence question showed a new array of objects from the same category and children 
were asked to point to ones that would make the machine go. The first memory question was asked between the first and second video presentations. The second 
memory question was counterbalanced with the prevalence, prediction, and generalization questions. 

Fig. 7. The model-predicted number of objects children pointed to on the Prevalence Estimates as a function of Age and Testimony. The dotted line indicates the 
observed frequency (3 objects) of the property in the sample. 
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Fig. 8. Average number of objects selected (out of 10) on the prevalence estimate questions by Children and Adults in each Testimony Condition. The dotted line 
indicates the observed frequency (3 objects) of the property in the sample, asterisks represent one sample t-test comparisons to the observed frequency. 
*p < .05, **p < .01, ***p < .001. 

Fig. 9. The model predicting the number of objects children pointed to on the Memory Questions as a function of age and Testimony. The dotted line indicates the 
observed frequency (3 objects) of the property in the sample. 

Z. Finiasz et al.                                                                                                                                                                                                                                  



Cognition 244 (2024) 105707

12

(F(1,116) = 30.40, p < .001). There were no effects of Trial Order (p =
.701) or Question Order (p = .557). Fig. 9 shows the responses to the 
Memory questions and 95% confidence intervals from the model. Post- 
hoc comparisons between conditions revealed that children in the Spe-
cific condition chose significantly fewer objects than those in the 
Generic and “All” conditions (Fisher’s LSD: Specific-Generic: p = .034; 
Specific-All: p < .001). Conversely, children in the “All” condition chose 
significantly more objects than those in the other three conditions 
(Fisher’s LSD: All-Generic: p = .003; All-Label Only: p = 001). There 
were no other significant differences between conditions (Fisher’s LSD: 
all ps > 0.071). 

We next analyzed the relation between age and responses to the 
memory questions. Older children’s memories more accurately reflected 
the observed frequencies than younger children’s memories (r(122) =
0.44, p < .001). This pattern of results remains when looking at condi-
tions where children heard either quantified or kind-referring testimony 
(Label Only: r(30) = − 0.54, p = .002; Generic r(31) = − 0.53, p = 002; All: 
r(32) = − 0.51, p = .003). For children in the Specific condition, there 
was no relation between memory accuracy and age (r(29) = − 0.13, ns) 
and children’s responses to the memory question in this condition were 
accurate (one sample t: t(29) = 1.36, ns). 

2.2.4. Prediction and generalization questions 
Children’s responses to the Prediction Questions did not differ across 

trials (McNemar’s test, ns) and were overwhelmingly positive (81/90 
children said “yes” to the prediction question on both trials). Children’s 
responses to the Generalization Question also did not differ across trials 
(McNemar’s test, ns). However, their responses to the Generalization 
Question depended on whether they thought the new object was a 
member of the category. On Trial 1, out of the 77 children who said the 
new object was not a blicket, 72 of the 77 (94%) predicted it would not 
make the machine go. Of the 9 children who said the new object was a 
blicket, all 9 of them (100%) predicted it would make the machine go 
(Fisher’s exact test, p < .001). Similarly, on Trial 2, 67/80 (84%) chil-
dren who said the new object was not a mido predicted it would not 
make the machine go, and 9/9 children (100%) who said the new object 
was a mido predicted it would make the machine go (Fisher’s exact test, 
p < .001). Children’s responses to the Generalization Question did not 
depend on condition. A one-way ANOVA on the number of times chil-
dren generalized the property to the new object by condition was not 
significant (F(2,169) = 1.85, ns). 

2.3. Discussion 

Study 2 investigated the role of testimony and observations on 
category-based inferences in 4- to 5-year-old children. Children heard a 
testimonial claim, observed a property that was true of 30% of a set of 
novel objects, and then were asked to estimate the prevalence of the 
property in 10 new category members, to remember what they saw, and 
to predict the properties of two new items. Much as for adults in Study 1, 
kind-referring testimony – testimony that included either a quantified 
“all” or a generic claim – led children to overestimate the prevalence of 
the causal property in new instances. Also, like adults, children’s esti-
mates after hearing testimony about one specific category member were 
closer to the exact probabilities that they observed. This general contrast 
between estimates following kind-referring versus specific language 
held despite age-related changes in children’s probability estimates. 

There were also interesting differences between children’s and 
adults’ responses to the prevalence estimate questions. Children’s esti-
mates were higher than adults’ on average across all conditions, with 
this tendency to overestimate decreasing with age. Another difference 
was that children (especially younger children) overestimated preva-
lence even when they were given just a category label and no property 
information. Finally, and unexpectedly, testimony influenced younger 
children’s reporting of observed events (Memory questions) and did so 
differentially depending on what kind of testimony they heard. 

Specifically, the youngest children were more likely to report having 
seen more objects with the causal property when they heard testimony 
that implied high prevalence (“all” or generic claims) than when they 
heard testimony that pointed to the property in one object only. Mem-
ories after hearing the category label alone (Label Only condition) fell in 
between. 

One explanation for children’s overestimations may be rooted in 
children’s deference to testimony. There is a large body of work showing 
that children are generally trusting of adult testimony, even when their 
claims are counterintuitive, unexpected, or even disproven (Jaswal, 
2010; Jaswal, Croft, Setia, & Cole, 2010; Koenig & Harris, 2005a, 
2005b). Further, this may be particularly true of younger children. 
Younger children’s responses were higher than older children’s, and the 
number of younger children who selected all ten objects when testimony 
included an “all” quantifier was significantly higher than the number of 
older children and was condition dependent. Children’s overestimation 
following labeled testimony is also consistent with research showing 
that children view labels as kind-referring (Gelman & Brandone, 2010; 
Waxman & Markow, 1995) and that labeling objects encourages chil-
dren to make inductive inferences about non-obvious “insides” and 
causal properties of category members (Gelman & Markman, 1986; 
Gopnik & Sobel, 2000; Graham, Kilbreath, & Welder, 2004; Taborda- 
Osorio & Cheries, 2018; Waxman & Braun, 2005). Finally, it should be 
noted that these two interpretations –that children are particularly 
influenced by testimony and that labels are special for children– are not 
mutually exclusive. Rather, both may have worked in tandem, leading to 
children’s consistent overestimations on the prevalence questions. 

The condition differences in younger children’s responses to the 
memory questions suggest another mechanism by which testimony can 
influence children’s category learning. There are several reasons why 
children might have reported remembering more objects having the 
property than what they saw. First, we rule out difficulties with 
attending to the relevant information, since children across the age 
range were accurate in the Specific condition. We are then left with two 
explanations – source monitoring errors due to interference of testimony 
(Drummey & Newcombe, 2002; Mahr & Csibra, 2021; Mahr, Mascaro, 
Mercier, & Csibra, 2021), or pragmatic errors in interpreting the mem-
ory question itself. Either way, these findings are intriguing, and expand 
on prior work showing that, when evidence is uncertain, children defer 
more to testimony than their own observations (Bridgers et al., 2016; 
McLoughlin et al., 2021). Our results extend this work by showing that 
testimony, especially kind-referring testimony, changes the way that 
children remember their own observations. 

3. General discussion 

We learn about categories in many different ways. One source of 
evidence is testimony – we can rely on others’ kind-based claims to make 
inferences about members of a category. Another source of evidence is 
observation. By sampling from a category, we can observe the common 
characteristics of category members and use this information to make 
inductive generalizations about other category members. The current 
study addresses how these sources of evidence work together when 
testimony and observation conflict to varying degrees. Our findings 
show that rather than relying solely on testimony or solely on obser-
vation, learners of all ages integrated both sources of information to 
make inferences, attribute knowledge (adults in Study 1), and remember 
their own observations (children in Study 2). When these two sources of 
information conflict, the degree to which learners prioritize one source 
over the other is dependent on the kind of testimony they receive, the 
degree of trust or skepticism in a speaker’s knowledge, and – for children 
– their memories of what they had seen. 

The degree to which adult learners in our study estimated the 
prevalence of the causal property in the category was systematically 
linked to their observations – lower frequency observations led to lower 
estimates, higher frequency observations led to higher prevalence 
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estimates. The degree to which learners deviated from the prevalence of 
the observations was also linked to the kind of testimony they received. 
Generic and quantified “all” claims about a property of the category led 
adults and children to overestimate that property’s prevalence. For 
adults, this was particularly true when the observed frequency was low. 
Notably, generic testimony had the effect of “flattening” adults’ preva-
lence estimates: participants overestimated prevalence at low observed 
frequencies and underestimated at high ones. These results extend prior 
work on the semantic implications of generic claims – namely that they 
imply high prevalence, but also cannot be mapped onto a particular 
frequency or probability (Butler & Markman, 2014; Cimpian & Mark-
man, 2009; Prasada, 2000; Tessler et al., 2020). When the category was 
labeled but no information about the property was given, children, but 
not adults, overestimated prevalence. After hearing specific claims, both 
children’s and adults’ estimates were more closely matched to their 
observations. 

Questions remain about the exact mechanisms driving the interac-
tion between observation and testimony. One possibility is that generic 
claims give the impression of being more informative than small sam-
ples, leading learners to question the representativeness of their own 
observations. Another possibility, not mutually exclusive, is that the 
semantics of generic testimony productively combine with a general 
trust of confident generic speakers (Koenig & Harris, 2005a, 2005b). 
Indeed, our own results support this second possibility, as adults in 
Study 1 rated generic speakers as most knowledgeable, and individual 
learners who thought generic speakers were more knowledgeable were 
also more likely to overestimate prevalence above and beyond what they 
observed. On the other hand, when observed frequencies were high, 
adult learners had a slight tendency to undergeneralize the property to a 
new set of objects after hearing generic testimony (rather than precisely 
quantified “all” claims). 

Learners are more likely to endorse claims from speakers whom they 
believe are knowledgeable. This is evidenced by the fact that adults in 
our study who attributed more knowledge to the informant also gener-
alized the property at higher rates, suggesting that more credulous 
adults may have favored testimony over their own observations. 
Further, adults’ knowledge attributions were far from floor levels, even 
in cases where the mismatch between testimony and observation were 
greatest and skepticism would theoretically be high. We suggest that this 
is related to the fact that the speaker stated his claims with confidence 
across all conditions. This is consistent with prior work showing that 
confident claims are more likely to be endorsed (Birch, Severson, & 
Baimel, 2020; Koenig & Harris, 2005a, 2005b; Sobel & Kushnir, 2013). 
However, adults’ knowledge attributions were not uniform – the degree 
to which they attributed knowledge also depended on the type of tes-
timony they received. When testimony was easily disproven by obser-
vation (as in the “all” condition), knowledge attributions were lowest. 
This was especially true when the frequency of the observed property 
was lower, and the mismatch between testimony and observation was 
greatest. However, when testimony contained a generic statement, 
adults rated the speaker as most knowledgeable, which is especially 
notable following low-frequency observations. We suggest that this is 
because generics allow for exceptions (Hollander et al., 2002; Leslie, 
2008), meaning that participants were not able to use their observations 
to reject the speaker’s claims. Together these findings show the unique 
properties of generics when learning from testimony: Generic claims are 
harder to falsify, and as a result, they may be more compelling than 
other types of testimony. 

Although children were not explicitly asked to attribute knowledge 
to the speaker, their responses to the memory questions suggest that 
they trusted what they heard. Overall, children were more credulous 
than adults. For example, following kind-referring testimony and testi-
mony that only provided a label and no property information, they 
recalled the prevalence at rates that were higher than what they had 
observed. Notably, older children’s responses to the memory questions 
were closer to what they had actually observed, whereas younger 

children overestimated at higher rates. This finding indicates that 
younger children may have been more trusting of the informant, leading 
them to favor what they had been told over their own observations. 
Older children, on the other hand, were less credulous and more likely to 
accurately recall what they had seen. This extends prior work showing 
that children are less deferential to testimony as they get older (Chan & 
Tardif, 2013; Jaswal, 2004; Jaswal et al., 2010; Ma & Ganea, 2010; 
Mills, 2013). Finally, children’s responses to the memory questions and 
prevalence estimates were related, as higher responses on the memory 
questions also meant higher responses on the prevalence estimates (see 
supplement). This is consistent with the idea that endorsement of the 
speaker’s claims led to inflated estimates – that is, generalizing the 
property at higher rates than were observed. 

One intriguing difference between adult and child participants was 
the role of testimony containing only a label (and no other information 
about object properties) in category learning. For children, testimony 
containing only a label was a special case: children who heard testimony 
with only a label responded in a similar way to those who had heard 
generic testimony. One possible interpretation of this finding is that, for 
children, the mere existence of a shared category label implied that 
objects in the category had shared traits. This possibility is supported by 
existing work on labeled categories showing that children infer shared 
properties amongst objects that share a label (Gelman, 2003; Gopnik & 
Sobel, 2000; Nazzi & Gopnik, 2000). Moreover, there is some evidence 
for the generative power of shared labels in responses to the prediction 
and generalization questions. Children who thought the novel object 
was a blicket also believed it would activate the machine, whereas those 
who did not think it was a blicket did not believe it would activate the 
machine. An open question that remains is why adults who heard tes-
timony containing only a label did not overgeneralize on the prevalence 
estimate questions, given that they also make similar inferences from 
category labels (Deng & Sloutsky, 2013). 

Finally, it is important to note that our effects are most apparent 
when observed frequencies were low. We believe that this pattern of 
results highlights the role of uncertainty when learning form testimony 
and observation. A learner may feel more of this uncertainty when there 
is more conflict between the two sources of information. Indeed, prob-
abilistic data creates uncertainty especially when paired with generic or 
“all”-quantified testimony that implies high prevalence (McLoughlin 
et al., 2021; Plate et al., 2021). Thus, when kind-referring testimony was 
followed by low-frequency observations, participants may have felt 
more uncertain, leading them to prioritize confidently stated testimony 
over their own observations (Tenney, Small, Kondrad, Jaswal, & Spell-
man, 2011; also see Plate et al., 2021). Indeed, the contrast between the 
lower and higher frequencies for adults who heard “all” quantified tes-
timony demonstrates that, when uncertainty is higher, learners may be 
more inclined to prioritize testimony in their inductive generalizations. 
For instance, following “all”-quantified testimony, adults over-
generalized at the lower ends, when there was a higher degree of 
contrast, even though their attributions of knowledge were lower. This 
suggests that, although they may have been skeptical of the informant, 
his testimony still led them to question whether their observations were 
actually representative of the entire sample. Similarly, children have 
been shown to prefer confident speakers (Brosseau-Liard, Cassels, & 
Birch, 2014; Jaswal & Malone, 2007; Sabbagh & Baldwin, 2001) and 
they rely more heavily on confidently stated testimony when observing 
probabilistic data (Bridgers et al., 2016; McLoughlin et al., 2021; Tenney 
et al., 2011). Future work on children’s generalizations when fre-
quencies are high (and observations are better calibrated to “all”- 
quantified and generic testimony), as well as including more explicit 
measures of certainty for both adult and child learners may help tease 
apart the role that a learner’s certainty plays when they are receiving 
information from both testimony and observation. 

We believe these findings have implications for category learning 
outside the lab, potentially shedding light on a mechanism by which 
testimony about social stereotypes is integrated with observation. For 

Z. Finiasz et al.                                                                                                                                                                                                                                  



Cognition 244 (2024) 105707

14

instance, hearing a generic statement such as “Girls are bad at science” 
has negative impacts for girls’ science learning (Bian, Leslie, & Cimpian, 
2017; Catsambis, 1994; Herbert & Stipek, 2005; Zhao, Seibert, & Hills, 
2005), despite initially equal STEM aptitude for boys and girls (Else- 
Quest, Hyde, & Linn, 2010) and the many observable instances of suc-
cessful women in STEM. In contrast, specific testimony may have a 
protective effect by encouraging learners to limit their extensions of a 
property beyond the specific referent of that statement (see also Foster- 
Hanson, Roberts, Gelman, & Rhodes, 2021; Gelman et al., 2010; Moty & 
Rhodes, 2021; Rhodes et al., 2012; Rhodes, Leslie, Bianchi, & Chalik, 
2018; Roberts, Ho, Rhodes, & Gelman, 2017). 

Similarly, the current methodology may be useful for understanding 
the transmission of information about other kinds of knowledge. Sci-
entific learning often makes use of both testimony and observation to 
demonstrate phenomena. This is particularly true for non-obvious or 
non-visible causal relationships (e.g., fire needs oxygen to burn), and for 
causal relationships that do not occur 100% of the time (e.g., smoking 
causes lung cancer). For instance, work on children’s understanding of 
unexpected causes (e.g., being scared causes stomach aches) has 
explored how children’s expectations interact with the evidence they 
observe (Schulz et al., 2007). We may expect similar results if children’s 
initial expectations are formed by receiving testimony. Similarly, work 
on scientific exploration has shown how children’s conversations with 
their parents (testimony) changes how they explore and generate evi-
dence in a causal system (observation) (Medina & Sobel, 2020; Sobel & 
Stricker, 2022; Willard et al., 2019). Together, these studies suggest that 
across domains (social, biological, physical) we may expect to see a 
similar effect of testimony on the way observations are used to learn. We 
leave future work to expand the current investigation to these other 
domains. 

The current studies present a number of limitations and open ques-
tions. The studies were conducted in English, and as a result, caution 
should be taken when generalizing these findings to speakers of other 
languages. For instance, prior research has shown that generic knowl-
edge is expressed differently across languages, and the use of generic 
noun phrases may follow different developmental timelines (Gelman & 
Tardif, 1998; Goldin-Meadow, 2005; Krifka et al., 1995; Mannheim, 
Gelman, Escalante, Huayhua, & Puma, 2010; Tardif, 1996). A second 
limitation is that we did not capture children’s explicit knowledge at-
tributions. Prior work has highlighted the role of trust and attribution of 
epistemic competence when children are learning from testimony 
(Harris, 2012; Harris & Koenig, 2006; Koenig et al., 2015; Sobel & 
Kushnir, 2013). As such, future work should use more explicit measures 
to explore the role of knowledge attribution in children’s category 
learning. 

Additionally, two open questions remain about the timing and order 
in which testimony and observation are presented. In the present 
studies, testimony was immediately followed by observation. However, 
the order can be reversed, and indeed learners may observe something 
long before they receive any testimony about it. If learners have a 
chance to form their own beliefs before hearing testimony, they may be 
more inclined to prioritize their observations than when testimony 
comes first. Conversely, if testimony appears first and there is a longer 
delay between testimony and observation, this may strengthen the role 
of testimony. Future research should examine the order and timing of 
testimony versus observation. 

Additionally, in future work it would be valuable to see what kinds of 
information participants seek, when given an opportunity. The current 
study provided a limited set of observations and controlled the fre-
quency of the causal property within this set. However, different results 
may arise if participants were given the opportunity to test the devices 
themselves. We suspect that adult and child learners may be more in-
clined to endorse their own self-generated observations than they would 
in the current study, as involvement in the information-gathering pro-
cess may make for more compelling evidence than observation alone 
(Kushnir & Gopnik, 2005; Markant & Gureckis, 2014; Sobel & 

Letourneau, 2018). Another interesting avenue would be to allow par-
ticipants to seek additional testimony regarding the original set of ob-
jects, from the original speaker or others. In doing so, we may be able to 
answer additional questions about whether or not an individual has 
accepted a speaker’s claims. An additional possibility would be to give a 
child a choice between the two kinds of information (direct observations 
vs. testimony). We leave future work to explore these questions further. 

Both testimony and observation provide a wealth of information 
beyond the features we have examined, that inform learners’ inferences. 
In deciding which testimony to accept, learners track a speaker’s 
expertise and prior accuracy (Hermes et al., 2020; Koenig & Harris, 
2005a, 2005b; Koenig & Woodward, 2010; Kuzyk, Grossman, & Poulin- 
Dubois, 2020; Sobel & Kushnir, 2013). Children and adults also use 
information about an informant’s social standing (Bernard, Proust, & 
Clement, 2015; Landrum, Mills, & Johnston, 2013; MacDonald, Schug, 
Chase, & Barth, 2013; Reyes-Jaquez & Echols, 2013) and physical traits 
(Bascandziev & Harris, 2014; Todorov, Pakrashi, & Oosterhof, 2009) 
when deciding which testimony to believe. Observation, too, provides 
learners with ample evidence to discern whether a property is kind- 
relevant. For instance, learners account for both typicality and repre-
sentativeness of a sample when deciding which observed properties to 
generalize (Gweon, Tenenbaum, & Schulz, 2010; Lo, Sides, Rozelle, & 
Osherson, 2002; Osherson, Smith, Wilkie, Lopez, & Shafir, 1990; Shipley 
& Shepperson, 2006). They also make inferences based on the method 
by which a sample was obtained (Foster-Hanson, Moty, Cardarelli, 
Ocampo, & Rhodes, 2020; Xu & Denison, 2009). This leaves open 
questions about how people integrate different kinds of testimony (from 
different kinds of informants) with different kinds of statistical evidence. 

Learners of all ages are often monitoring these features when 
appraising evidence from both testimony and observation. In doing so, 
they are making evidence-based decisions about which claims to accept 
and which observations to generalize. The current studies have inves-
tigated a subset of these features, showing that learners use both the 
nature of the testimony and the frequency of their observations to infer 
when a property is kind-relevant. We leave future work to examine the 
influence that additional factors have on the way that learners integrate 
both sources of evidence when learning about categories. 
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