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Abstract 

Adults can reflectively revise their beliefs and selectively respond to unreliable infor-

mants, despite often forming and revising beliefs unreflectively without assessing 

their reasons. This study investigates how the strength of counterevidence coming 

from an informant affects adults’ ability to infer that the informant is unreliable through 

acquiring and responding to undermining defeaters (i.e., evidence suggesting 

that something was wrong with how the belief was formed). Participants (N = 120) 

watched videos of two informants acting on two locations: one whose actions reli-

ably indicated the reward location, and one whose actions did not. The strength of 

feedback participants received after making a choice was manipulated across two 

conditions. In the Strong feedback condition, participants received positive feedback 

when they found the reward and explicit negative feedback when they did not, along 

with information about the reward’s true location. In the Weak feedback condition, 

they received positive feedback, but incorrect choices simply resulted in no reward. 

Participants responded selectively to unreliability, following the Unreliable informant’s 

evidence less often than that of the Reliable informant. This effect was stronger in the 

Strong feedback condition and was observed after only two to three misleading trials. 

In subsequent trials where informants were pitted against each other, participants 

in the Strong feedback condition, but not in the Weak feedback condition, consis-

tently preferred the Reliable informant. These findings suggest that adults’ ability to 

infer informants’ reliability depends on the strength of counterevidence. Additionally, 

exploratory analyses reveal a key distinction between acquiring and responding to 

undermining defeaters.

Introduction

In daily life, we constantly encounter information that shapes our beliefs—whether 
from news, social media, or personal experiences. Sometimes the information we 
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gather from such sources is false or misleading. But how often do we pause to ques-
tion the reliability of these sources? And how do we come to trust a specific source of 
information and not another? Young children [1–3] and animals [4,5] prefer reliable or 
accurate informants over unreliable ones. However, it is often unclear whether they 
are identifying and assessing their reasons for belief or simply relying on associations 
or heuristic biases [6–8]. In contrast, adults are capable of reflectively assessing the 
information they gather, although they can still be misled by unreliable sources, as 
seen in the widespread presence of conspiracy theories. Still, in principle adults can 
identify and assess the accuracy of the information received, and the reliability of the 
source that delivered it, thereby recognising when evidence coming from an unre-
liable source may be misleading. For example, a person may initially trust a news 
story because it comes from a reputable outlet. However, upon discovering that the 
journalist has a history of fabricating data, they could reassess the credibility of the 
source and adjust their belief about the story.

Despite their capacity for assessing the reliability of a source, adults often form 
and revise beliefs in their daily lives without consciously identifying and assessing 
the evidence for doing so [9–11]. For instance, one might believe that their keys are 
on the table based on their memory of placing them there. However, upon checking 
the table and discovering that the keys are not there, one is likely to revise their belief 
based on this new perceptual evidence, a process that typically occurs automatically 
and unreflectively in response to the overriding defeater. Overriding defeaters sug-
gest that one should replace their belief in a proposition P <the keys are on the table> 
with its negation, not-P <the keys are not on the table>, which can be done unreflec-
tively because it does not require assessment of evidence. However, even in such 
cases, adults can generally articulate their reasons for or the evidence behind both 
their current and past beliefs if asked to do so.

Some philosophers contend that the ability to articulate reasons for a belief is the 
mark of rationality [12–14] and that unreflective responsiveness to evidence alone is 
insufficient for rational belief formation or revision [15,16]. In contrast, others allow 
that unreflective responsiveness to evidence is sufficient for rationality, and can even 
be found in non-linguistic populations such as non-human animals and pre-verbal 
children [17–21]. To bridge these two positions, it is important to understand the 
relationship between the reflective belief revision we observe in adults and the unre-
flective belief revision that appears to be present both in adults and non-linguistic 
populations. Key to this is understanding how overriding counterevidence, processed 
automatically, comes to make a subject identify and assess a source of evidence as 
being unreliable.

To assess the transition from unreflective to reflective belief revision we focus on 
a particular type of counterevidence known as undermining defeaters. Undermin-
ing defeaters are reasons to reduce or give up confidence in one’s belief, typically 
suggesting that something is wrong with how the belief was formed, for example <the 
source of the evidence is unreliable> [22,23]. Responding to an undermining defeater 
is considered reflective as it typically involves: 1) identifying a piece of information 
as evidence, and 2) assessing that evidence as being potentially misleading [24], 
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both hallmarks of reflective belief revision [14]. While undermining defeaters are often acquired through testimony, they 
can also be acquired in other ways. For instance, undermining defeaters can be acquired by making an inference over 
repeated responses to overriding defeaters regarding beliefs formed following the evidence coming from the same source 
(e.g., an unreliable person). Experiencing several overriding defeaters coming from the same source supports the infer-
ence that <the source is unreliable>. Making such an inference indicates that an undermining defeater has been acquired. 
Once acquired, responding to the undermining defeater should lead to refusal—or reduced willingness—to follow new 
evidence provided by the same unreliable source, even in different contexts.

Recent empirical research demonstrates that it is possible to empirically investigate responses to non-verbal overriding 
defeaters in young children and great apes [25] and responses to undermining defeaters in 4- to 5-year-old children using 
testimonial evidence [26]. However, only one study has investigated whether undermining defeaters can be acquired via 
inference over repeated responses to overriding defeaters. Blakey et al. [27] put 2-year-old children, dogs, and pigs in the 
position to acquire and respond to an undermining defeater regarding informants’ reliability. In this task, subjects observed 
informants act on two screens. One informant reliably indicated the reward location, while the other only indicated the 
reward location 50% of the time. Each time the Unreliable informant misled subjects, they were expected to respond to 
an overriding defeater, replacing their belief <the reward is in the location where the person acted> with the belief <the 
reward is not in the location where the person acted>. Repeated exposure to these overriding defeaters was intended 
to lead subjects to infer an undermining defeater related to the informant, such as <this informant is unreliable>. Conse-
quently, in a new context where informants used a new action to indicate a screen, subjects should have been less willing 
to follow the Unreliable informant’s evidence relative to the Reliable informant’s evidence. However, results revealed 
that neither children nor animals differentiated between the Reliable and the Unreliable informants, as they followed the 
evidence from both informants less frequently in new contexts. One interpretation is that they may have acquired and 
responded to an undermining defeater, such as <both informants are unreliable>. Alternatively, they may have been 
responding to their growing uncertainty about what to do.

One possible explanation for participants’ failure to identify the Unreliable informant in Blakey et al. [27] is that the 
overriding evidence (the reward not being in the indicated location) might not have been strong enough to warrant the 
generalisation to <this informant is unreliable> and thereby acquisition of an undermining defeater. In general, children are 
sensitive to the strength of evidence and counterevidence. For example, 4- and 5-year-olds are more likely to revise their 
beliefs when their initial belief is based on weak evidence and they encounter stronger counterevidence [26,28]. Even chil-
dren as young as 3 years old have demonstrated belief revision influenced by the evidential strength of informants’ claims, 
with revisions happening more often when claims are based on direct (first-person) observation and inference  
(evidence-based) rather than on indirect (third-person) observation [29]. Although this shows that children do use overriding 
evidence to revise their beliefs, they may struggle to leverage the cumulative strength of overriding defeaters as a founda-
tion for acquiring an undermining defeater. Therefore, to justify the generalisation that an informant, who initially supported 
the belief, is actually unreliable, a sufficient level of strength in the cumulative overriding evidence seems essential. Under-
standing how the accumulation of such strength occurs is also an important element in accounting for how counterevidence 
initially processed automatically eventually makes a subject aware of the unreliability of a source of information. As adults 
can assess informant reliability, exploring how they acquire and respond to undermining defeaters in non-verbal contexts 
promises to enhance the development of paradigms for evaluating this ability in young children and animals.

The current study investigates how varying the strength of overriding evidence affects adults’ ability to acquire and 
respond to an undermining defeater. To achieve this, we adapted the task developed by Blakey et al. [27] for use on a 
tablet, incorporating videos of informants while preserving the task’s original structure. The strength of overriding evidence 
was manipulated across two conditions by varying the quantity and quality of feedback received after making a choice  
(Fig 2). In the Weak feedback condition, choosing the correct location revealed the reward, while choosing the incorrect 
location resulted in no reward. In the Strong feedback condition, additional cues were provided: a green check mark 
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indicated a correct choice, and a black X marked an incorrect choice, with the reward appearing in the alternate location 
after a brief delay. In terms of quantity, the Strong feedback condition provided two pieces of evidence per choice: for 
correct choices, participants saw both the reward and a green check mark (both positive evidence); for incorrect choices, 
they saw both an X and the reward appearing above the unselected location (both overriding evidence). In contrast, the 
Weak feedback condition offered only one piece of evidence—either the presence or absence of the reward (i.e., positive 
or overriding evidence, respectively). For quality, in the Strong feedback condition, the two pieces of positive evidence 
had two distinct contents for correct choices: the presence of the reward and a green check mark. For incorrect choices, 
the two pieces of overriding evidence combined the reward’s absence with a black X. In the Weak feedback condition, 
appearance of the reward in the selected location represented positive evidence, while absence of the reward provided 
overriding evidence for incorrect choices. The combined variation of the quantity and quality of evidence highlights a dif-
ference in the strength of both positive and overriding evidence participants received in the two conditions.

We expected that participants would respond selectively to the reliability of the informants, with evidence from the 
Unreliable informant being followed less often than that from the Reliable informant, after being misled several times by 
the Unreliable informant. Additionally, we predicted that, if the strength of the evidence is crucial for acquiring an under-
mining defeater, stronger feedback would enhance the justification for overriding initial beliefs, making participants more 
likely to acquire and respond to an undermining defeater in the Strong feedback condition. The more overriding evidence 
participants receive, particularly when that overriding evidence varies in content, the stronger the basis may be for gener-
alising the informant’s unreliability.

Method

Participants

The final sample included 120 participants (84 females, 35 males, 1 AFAB; M
age

 = 21.2 years, SD = 7 years, range = 17–58 
years). Participants predominantly identified themselves as British. Participants were randomly allocated to the Strong 
feedback condition (43 females, 16 males, 1 AFAB; M

age
 = 20.3 years, SD = 5.3 years) or the Weak feedback condition (41 

females, 19 males; M
age

 = 21.9 years, SD = 8.3 years). Participants were university students recruited at the University of 
Stirling between 17 October 2023 and 16 November 2023. Participation was voluntary and students received research 
participation tokens towards course completion. Three additional participants were excluded due to technical problems. 
The sample size of 60 participants per condition was preregistered based on conventions in the literature, aiming to 
achieve approximately 80% power to detect a medium effect size.

This study was approved by the General University Ethics Panel at the University of Stirling (2023 3029 10554). 
Research was conducted in accordance with relevant guidelines and regulations. Informed consent was obtained via an 
online survey, which included the participant information sheet. Participants provided written electronic consent prior to 
participation by selecting an option to confirm agreement.

Equipment

Participants completed the task on a touchscreen Microsoft Surface tablet wearing Klugmia over-ear headphones. The 
experiment was written and run using PsychoPy v2023.2.2 [30]; the task code and stimuli are available on the OSF: 
https://osf.io/xhe8t/.

Design and procedure

Participants were presented with on-screen instructions explaining that they were searching for rewards and had 5 sec-
onds to make each choice. They then completed a practice trial in which a blue V-shaped screen was surrounded by a 
blue rectangular box, along with the instruction “Let’s practice how to look for a reward. Swipe inside the blue box to look 
for a reward.”

https://osf.io/xhe8t/
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The task included 44 Demonstration trials and six Transfer trials (for detailed order see S1 Table). The demonstration 
trials allowed participants to infer informant reliability through repeated experiences and to recognise that different forms 
of evidence from the same source can be misleading, thereby acquiring an undermining defeater. The transfer trials tested 
whether this undermining defeater could be applied in increasingly different contexts, by examining preferences when 
informants were pitted against one another.

In demonstration trials, participants watched a video of an informant holding a reward (red star) and using an action 
(crouching, lifting, or sound) to indicate one of two possible locations (blue V-shaped screens). The actions involved 
crouching behind one of the screens (Fig 1A), lifting a red coloured box above one of the screens (Fig 1B), or standing 
between the screens ringing a bell that could be heard through one side of the headphones (Fig 1C). After watching the 
video, an image of the two screens each within a blue rectangular box appeared, and participants could choose one loca-
tion to search for the reward (Fig 1D).

In transfer trials, participants chose between the Reliable and Unreliable informants who were presented together. In 
four screen choice trials each informant was positioned at the outer side of a screen (Fig 1E), while in two pointing trials 
the informants stood next to each other and pointed and gazed at one of two upturned bowls (Fig 1F). In both cases the 
informant and the corresponding screen or bowl were surrounded by a blue box.

Three female actors played the roles of Demonstrator, Reliable informant, and Unreliable informant (wearing different 
coloured shirts: black, white, and striped). The Demonstrator and the Reliable informant always indicated the reward loca-
tion, while the Unreliable informant did so in only 50% of trials, and never on the first trial of each action. Analyses focused 
on responses to the Reliable and Unreliable informants and accounted for variations in actor pairings.

Before the first trial, participants saw all three actors (Demonstrator in the centre) for 5 seconds. The screen that was 
acted on and whether the Unreliable informant indicated the rewarded location were pseudorandomised, with no more 
than two consecutive trials with the same action, reward side, or misleading cue. The role played by each actor was 
randomised, with two sets of videos providing two possible shirt colours per actor. Within subjects, informant role and shirt 
colour were fixed, but this varied between subjects.

There were two conditions: the Strong feedback condition and the Weak feedback condition. These differed only 
in the quantity (pieces of positive and overriding evidence) and quality (content of positive and overriding evidence) 

Fig 1.  Demonstration actions and choice screens for each trial type. Panels A–C depict the different action types presented during the demon-
stration trials: A. Crouching, B. Lifting, and C. Sound. Panels D–F show the different choice screens used in: D. Demonstration trials. E. Screen Choice 
Transfer trials, and F. Pointing Transfer trials.

https://doi.org/10.1371/journal.pone.0331480.g001

https://doi.org/10.1371/journal.pone.0331480.g001
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of evidence participants received after making a choice. In the Strong feedback condition, choosing the rewarded 
location caused the reward and a small green check mark to appear above the corresponding screen (Fig 2). If the 
unrewarded location was chosen, a black X with a red outline appeared above the selected screen and after 1.5 
seconds the reward (a red star) appeared above the other screen (without a green check mark). In the Weak feed-
back condition, choosing the rewarded location caused the reward (without a green check mark) to appear above the 
corresponding screen. If the unrewarded location was chosen, there was no explicit sign that the reward had not been 
found and no indication that the alternative location was rewarded. In both conditions trials timed out after 5 seconds. 
A reward bar at the top of the screen was updated on every trial to show how many rewards had been found. The task 
lasted approximately 12 minutes.

Statistical analysis

All data have been made publicly available on the OSF and can be accessed at https://osf.io/xhe8t/. This study’s design 
and analyses were preregistered prospectively, before data were collected; see https://doi.org/10.17605/OSF.IO/B9P6Q. 
Deviations from the preregistration are indicated as such or described as exploratory.

All analyses were performed using R [31]. For analysing the demonstration trials, we fit generalised linear mixed 
effects models (GLMMs) using lme4 [32] with logit regression. The dependent variable was participants’ probability to 
follow the evidence, and included fixed effects of informant (Reliable, Unreliable), action number (Crouching –1, Lifting 
0, Sound 1), condition (Strong feedback, Weak feedback), the interactions between these variables, and a control fixed 
effect of action side (left, right). For Transfer trial analysis, we fit a GLMM with preferred informant as the dependent 
variable (Unreliable 0, Reliable 1), including fixed effects of condition (Strong feedback, Weak feedback), transfer task 
(Screen choice, Pointing), trial number within task, the interaction between these variables, and a control fixed effect of 
Reliable informant side (left, right). To account for repeated observations, we included participant ID as a random inter-
cept with random slopes for all fixed effects, keeping random effects structures ‘maximal’ [33]. We also included colour-
dyad (pairing of informants’ reliability and colour assignment) as a random intercept with random slopes for all fixed 
effects. Where specified as fixed effects, the following variables were dummy-coded and centred: informant, condition, 
action side, and Reliable informant side.

Fig 2.  Feedback in Strong and Weak feedback conditions. Illustration of the feedback received in each condition when rewarded and unrewarded 
locations were chosen.

https://doi.org/10.1371/journal.pone.0331480.g002

https://osf.io/xhe8t/
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https://doi.org/10.1371/journal.pone.0331480.g002
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Collinearity among predictor variables was assessed by calculating Variance Inflation Factors (VIFs) for standard 
linear models, excluding random effects and interactions, using the car package [34]. Collinearity was not an issue in 
the Demonstration trial model (VIFs = 1) or the Transfer trial model (VIFs ≤ 1.5). To avoid issues of multiple testing, we 
assessed the overall effect of the predictors of interest by comparing the full model with a null model lacking these pre-
dictors [35] using a likelihood ratio test [36]. Fixed effects and interactions were then individually tested by dropping them 
one at a time from the model and comparing the models using likelihood ratio tests [33]. Post hoc analyses were carried 
out using estimated marginal means using the emmeans package [37]. P values < .05 were accepted as statistically 
significant.

Results

The data and code necessary to reproduce the analyses presented are available on OSF: https://osf.io/xhe8t/.

Demonstration trials

The binomial GLMM for evidence following in the full data set was significantly better than the null equivalent (χ2(7) = 
46.61, p < .001). There was no evidence of a three-way interaction between informant, action number, and condition, 
and comparison with a reduced model without the interaction showed no significant difference (χ2(1) = 1.74, p = .187). 
Therefore, we examined all two-way interactions, which revealed a significant two-way interaction between informant 
and condition (χ2(1) = 10.663, p = .001), but no significant interactions involving action number (p ≥ .477), there-
fore they were removed. The final model showed a significant main effect of action number (b = –0.42, SE = 0.09, 
z = –4.51, p < .001) indicating lower evidence following in later actions. There was also a significant interaction 
between informant and condition (b = 1.67, SE = 0.39, z = 4.31, p < .001; Fig 3). Post hoc comparisons revealed that 
participants were significantly more likely to follow the evidence of the Reliable informant compared to the Unreliable 
informant in both the Strong feedback (b = 2.28, SE = 0.26, z = 8.81, p < .001) and Weak feedback conditions (b = 1.28, 
SE = 0.26, z = 2.19, p = .029). However, they were significantly less likely to follow the evidence of the Unreliable 
informant in the Strong feedback condition than in the Weak feedback condition (b = –1.69, SE = 0.31, z = –5.48, 
p < .001). In contrast, no significant difference was found between the conditions for the Reliable informant (b = –0.03, 
SE = 0.39, z = –0.08, p = .937).

We intended to run a second GLMM for evidence following in the first trials with each informant in each action, however 
there were very few trials in which participants did not follow the evidence which made this analysis inappropriate. In both 
conditions all participants followed the evidence in the first Crouching trials with both the Reliable and Unreliable infor-
mants. In the first Lifting and Sound trials there were only 16 (6.7%) and 14 (5.8%) trials across both informants, respec-
tively, in which participants did not follow the evidence.

Transfer trials

The GLMM constructed for participants probability to follow the evidence of the Reliable over the Unreliable informant in 
the transfer trials was significantly better than the equivalent null model (χ2(7) = 15.35, p = .032). There was no evidence 
of a three-way interaction between condition, task, and task trial number (χ2(1) = 0.81, p = .370), and comparison with a 
reduced model without the interaction showed no significant difference. Therefore, we examined all two-way interactions, 
which revealed a significant two-way interaction between condition and task (b = 0.59, SE = 0.25, z = 2.33, p = .020;  
Fig 4). There were no significant interactions or main effects related to task trial number (p ≥ .072). Post hoc comparisons 
of the interaction between condition and task showed that in the screen choice trials, participants in the Strong feedback 
condition were significantly more likely to follow the evidence provided by the Reliable informant than those in the Weak 
feedback condition (b = 1.19, SE = 0.36, z = 3.32, p < .001), while there was no difference between conditions in the pointing 
trials (b = –0.02, SE = 0.44, z = –0.04, p = .966).

https://osf.io/xhe8t/
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Fig 4.  Predicted probability of following the reliable informant. Predicted probability of following the evidence of the Reliable informant in each transfer task 
and condition. Confidence intervals (95%) are shown for each task-condition combination. Results are averaged over the effects of Reliable informant side.

https://doi.org/10.1371/journal.pone.0331480.g004

Fig 3.  Predicted probability of following each informant. Predicted probability of participants in each condition following the evidence provided by 
each informant. Results are averaged over the effects of action side. Confidence intervals (95%) are shown for each informant-condition combination. To 
allow the confidence intervals to be more visible, the y-axis is restricted to the range 0.75–1 (rather than the full 0–1). The corresponding plot with the full 
scale is shown in Fig S1 in S1 File.

https://doi.org/10.1371/journal.pone.0331480.g003

https://doi.org/10.1371/journal.pone.0331480.g004
https://doi.org/10.1371/journal.pone.0331480.g003
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The total number of trials in which participants followed the evidence of the Reliable informant over the Unreliable infor-
mant in each transfer task was compared to chance (50%) using one-sample t-tests. Participants in the Strong feedback 
condition selected the Reliable informant significantly above chance in both the screen choice t(198) = 5.78, p < .001 and 
pointing trials t(117) = 4.23, p < .001. By contrast, participants in the Weak feedback condition only showed a significant 
preference for the Reliable informant in the pointing trials t(117) = 2.34, p = .011, not the screen choice trials t(193) = 
–1.65, p = .950.

Response patterns

In an exploratory analysis of the demonstration trials, we categorised participants according to the pattern of their evi-
dence following with each informant across actions. First, we set out criteria for participants who discriminated between 
the informants across the actions. To be categorised as “Discriminators”, participants had to have followed the evidence 
of the Reliable informant ≥75% of trials in each action and have followed the evidence of the Unreliable informant ≥66% 
of the crouching trials, ≤ 84% of the Lifting trials, and ≤75% of the Sound trials (Fig 5 top panels). These criteria capture 
an initial tendency to follow the informants in crouching trials (with occasional misleading trials) and a growing tendency 
to choose locations that were not acted on in the lifting and sound trials for the Unreliable informant (these criteria are 
explained further in S1 File). Participants who followed the evidence of both informants in ≥75% of trials in each action 
were categorised as “Followers” (Fig 5 bottom panels). The remaining participants – “Others” – did not fit into either of 

Fig 5.  Mean proportion of evidence-following in demonstration trials by response category. Mean proportion of demonstration trials in which 
participants followed the evidence from each informant, split by condition and response category.

https://doi.org/10.1371/journal.pone.0331480.g005

https://doi.org/10.1371/journal.pone.0331480.g005
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these categories (see S4 Fig in S1 File for individual response patterns). There were 20 Discriminators and 28 Followers 
in the Strong feedback condition, while in the Weak feedback condition there were 5 Discriminators and 47 Followers. A 
chi-square test of independence showed a significant association between condition (Strong feedback and Weak feed-
back) and categories (Discriminators and Followers), χ2(1) = 22.06, p < .001.

For each response pattern within each condition, we conducted one-sample t-tests to assess whether the number of 
transfer trials in which participants followed the Reliable informant’s evidence (as opposed to the Unreliable informant’s) 
differed from chance level (50%). In the Strong feedback condition, Discriminators followed the Reliable informant’s 
evidence in an average of 3.85 transfer trials, significantly above chance t(19) = 2.20, p = .020. Followers in this condition 
also selected the Reliable informant significantly above chance in an average of 3.79 transfer trials t(27) = 2.82, p = .004. 
In the Weak feedback condition, only Discriminators chose the Reliable informant significantly above chance t(4) = 2.45, 
p = .030, averaging 3.60 transfer trials. Followers in the Weak feedback condition, as well as participants in the “Others” 
group in both conditions, did not differ significantly from chance (p ≥ .380).

Discussion

The current study investigated how the strength of overriding evidence affected adults’ ability to acquire and respond to 
undermining defeaters in a non-verbal task. Specifically, we manipulated the quantity and quality (content) of evidence 
that participants received in a Strong feedback condition and a Weak feedback condition. We aimed to determine whether 
participants could identify and assess evidence from an unreliable informant as being misleading, thereby acquiring 
an undermining defeater like <this informant is unreliable>. Participants’ responses to the undermining defeater were 
expected to manifest as a decreased willingness to follow the Unreliable informant’s evidence, while maintaining trust in 
the Reliable informant’s evidence in subsequent contexts.

The strength of the overriding evidence significantly influenced participants’ willingness to follow the informants’ evi-
dence. Participants in the Strong feedback condition were less likely to follow the Unreliable informant’s evidence than 
those in the Weak feedback condition, while there was no such difference in following the Reliable informant’s evidence. 
Contrary to our predictions—and unlike the decrease in following the evidence coming from both informants observed in 
children and animals [27]—participants reduction in evidence following across the demonstration trials was minimal (albeit 
significant). It appears that even within the first context (crouching action), participants in the Strong feedback condition 
were already differentiating between the informants. We found that in the Strong feedback condition it only took two to 
three trials of being misled by the Unreliable informant for participants to acquire an undermining defeater related to that 
informant, such as <that source is unreliable>. Consequently, they were already responding to this undermining defeater 
and continued to do so in subsequent contexts. In contrast, participants showed no indication of acquiring or responding 
to an undermining defeater in the Weak feedback condition until the end of all three actions.

Given that adults are capable of reflectively revising their beliefs in response to unreliable informants, it is intriguing that 
the strength of overriding evidence seems to have had such an influence on their responses. Participants in the Strong 
feedback condition showed clear selectivity in response to unreliability, following the Unreliable informant’s evidence less 
than that of the Reliable informant, as one would predict for adults. By contrast, in the Weak feedback condition, partic-
ipants showed far less differentiation between the informants and were more likely to follow the Unreliable informant’s 
evidence compared to those in the Strong feedback condition. The disparity between the conditions suggests that—con-
sistent with [38]—acquiring an undermining defeater based on previously acquired overriding defeaters requires the over-
riding evidence supporting the revised belief <the reward is not in the location where the person acted> to be markedly 
stronger than the evidence supporting the initial belief <the reward is in the location where the person acted>. Although 
the overriding evidence in the Weak feedback condition also speaks in favour of revising the initial belief, it did so more 
subtly, with only a minority of participants demonstrating recognition of the informants’ reliability. In other words, the addi-
tional evidence participants received in the Strong feedback condition appears to have played a crucial role in overriding 
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the initial belief. This brings us to consider what aspects of the evidence in the Strong feedback condition contribute to its 
greater strength.

Participants in the Strong feedback condition received both a greater quantity of feedback—through additional cues 
such as a green check mark for finding the reward and an X indicating they missed it, with the reward then appearing in 
the other location—and a qualitative difference in the nature of this feedback. Following incorrect choices, in the Weak 
feedback condition, the reward was simply absent, while in the Strong feedback condition the black X explicitly marked the 
absence of the reward, making the failure more explicit. Participants may have interpreted the X as higher-order evidence 
indicative of having made a mistake. If so, the X would not necessarily have been stronger than the overriding evidence 
in the Weak feedback condition (absence of the reward); rather, it would have reinforced the overriding evidence with 
additional higher-order evidence (i.e., reinforcing that the choice was incorrect). Adults could presumably use this to infer 
that the evidence had been misleading and, later, that the informant was unreliable. This rich interpretation aligns with 
research showing that adults’ trust in an informant’s claims decreases when the informant’s statements are repeatedly 
revealed to be incorrect [39]. However, subjects may alternatively have read the X as a stronger version of the negation 
<the reward is not here>, as the X itself does not directly express higher-order content. In this lean interpretation, the X 
acts as an additional overrider emphasising the negation of the initial belief. Such quantitative and qualitative differences 
likely made it easier for participants in the Strong feedback condition to identify and assess the Unreliable informant’s 
evidence as misleading. The combined strength of multiple pieces of overriding evidence forms the basis for the gener-
alisation, allowing individuals to acquire an undermining defeater like <the informant is unreliable>. Considering both the 
importance of the negated beliefs and the minimum strength they must have to ground the generalisation to <the infor-
mant if unreliable> helps to explain why some might fail to form the belief that the informant is unreliable, particularly in the 
Weak feedback condition. In some cases, subjects may fail to respond to the overriding evidence at all and thereby fail to 
form beliefs of the form <the reward is not there>. In other cases, subjects may form those negative beliefs but did not see 
them as strong enough collectively to justify the inference to <the source is unreliable>. Alternatively, participants may fail 
to grasp altogether the connection between the negative beliefs and the unreliability of the relevant source.

The results from the transfer trials also show differences related to the strength of the evidence. We expected that par-
ticipants who had acquired an undermining defeater related to the Unreliable informant in the demonstration trials would 
show a preference for the Reliable over the Unreliable informant in the transfer trials. This was the case in the Strong 
feedback condition, in which participants preferred the Reliable informant in both transfer tasks. However, in the Weak 
feedback condition participants only showed a preference for the Reliable informant in the pointing trials. The difference 
observed in the screen choice trials (which were completed immediately after the demonstration trials) supports the idea 
that participants in the Strong feedback condition were responding to an undermining defeater related to the Unreliable 
informant and were able to apply this in a different context. Conversely, the pattern observed in the Weak feedback condi-
tion—where participants preferred the Reliable informant only in the pointing task—suggests that they may have learned 
about the Unreliable informant’s reliability during the screen choice trials rather than during the demonstration trials and 
then responded to this understanding in the pointing trials. Considering these findings with adults, along with research 
showing that children are sensitive to the strength of both initial evidence and counterevidence [26,28,29], it is evident 
that there are various ways in which overriding evidence may fail to achieve the collective strength required (relative to the 
initial positive evidence) to infer the unreliability of a source. Some of these possibilities were discussed above, but there 
may be others. The search for, and recognition of, these differences ought to inform future research investigating belief 
revision.

In an exploratory analysis, we looked at participants’ evidence following behaviour across the demonstration trials and 
categorised them based on their response patterns. Two distinct patterns emerged: 1) Discriminators, who differentiated 
between the Reliable and Unreliable informants, and 2) Followers, who followed the evidence of both informants. We were 
interested in whether these response patterns aligned with participants’ preferences for following the Reliable informant’s 
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evidence in the transfer trials. We found that Discriminators preferred the Reliable informant in the transfer trials across 
both conditions, whereas Followers preferred the Reliable informant only in the Strong feedback condition, not in the 
Weak feedback condition. The remaining participants (“Others”) displayed no preference for the Reliable informant in 
either condition. These findings suggest a potentially important distinction between acquiring an undermining defeater and 
responding to it.

To assess whether someone has acquired an undermining defeater, in our study we must observe them respond to it. 
While the response to <the informant is unreliable>, strictly speaking, is something that happens at the level of judgment 
and thought, in experiments like the current one it can only be observed indirectly by the role that it plays in guiding action. 
Discriminators provide the clearest example of both acquiring and responding to an undermining defeater in relation to the 
Unreliable informant, initially following both informants, but later in the demonstration trials distinguishing between them and 
following the Unreliable informant less often. This pattern persisted in the transfer trials, where they maintained a preference 
for the Reliable informant. In contrast, Followers did not show clear evidence of having acquired an undermining defeater 
during demonstration trials, as they did not differentiate between the informants. However, in the transfer trials, their prefer-
ence for the Reliable informant in the Strong feedback condition suggests that they could be responding to an undermining 
defeater, while no such preference was shown in the Weak feedback condition. Therefore, Followers in the Strong feedback 
condition may have acquired an undermining defeater during the demonstration trials, even though they did not respond 
to it at that stage. Rather, they may have refrained from responding to the undermining defeater in the demonstration tri-
als because disregarding the Unreliable informant’s evidence offered no advantage in finding rewards. In fact, ignoring the 
evidence and choosing randomly may have required more effort than simply following, especially given the limited number of 
misleading trials. In the transfer trials, when informants were pit directly against one another, responding to the undermining 
defeater and favouring the Reliable informant became advantageous, as it led to more rewards, making it worthwhile to do 
so. Indeed, adults typically aim to maximise rewards in such situations [40]. It is possible that not all individuals in this group 
acquired an undermining defeater. Alternative hypotheses for following both informants in the demonstration trials include a 
lack of motivation to engage with the task or attention issues. These explanations also apply to the Followers in the Weak 
feedback condition who did not show a preference in the transfer trials. Thus, given the structure of the current task, we 
cannot conclude from the demonstration trials alone, if a participant did not discriminate between the Reliable and Unreliable 
informants, whether an undermining defeater was acquired. Instead, in such cases, we rely on the transfer trials, in which 
participants must choose between the informants, which provides them the opportunity to demonstrate whether they have 
made an inference about the informant’s reliability, are beneficial. Going forward, it will be important to consider whether par-
adigms such as this allow participants to demonstrate both the acquisition of and response to undermining defeaters.

In addition to the distinction between acquiring and responding to an undermining defeater, the differences between 
the conditions support our argument that the strength—either quantity, quality, or both—of the overriding evidence affects 
even adults’ ability to revise their beliefs. First, participants followed the Reliable informant’s evidence significantly more 
often than the Unreliable informant’s evidence in both the demonstration and transfer trials in the Strong feedback con-
dition, but not the Weak feedback condition. Second, there were more Discriminators in the Strong feedback condition 
than the Weak feedback condition, and Followers only demonstrated a response to undermining defeaters in the transfer 
trials in the Strong feedback condition. Together these findings suggest that acquiring an undermining defeater through a 
generalisation over overriding defeaters is not trivial, and that the strength of the overriding evidence plays a crucial role; 
stronger evidence facilitates the acquisition of undermining defeaters. Though it does appear that overriding evidence 
needs to be stronger than the original evidence for a belief to be revised, it may still be possible to acquire an undermining 
defeater when the overriding evidence is not as strong. However, it is likely that this would require far more exposure to 
overriding evidence, and therefore in this type of paradigm far more trials. If so, this could help explain why most partici-
pants in the Weak feedback condition did not appear to acquire an undermining defeater, despite having the capacity to 
do so in principle, and why some participants were able to achieve it.
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Overall, this study demonstrates that acquiring an undermining defeater through a generalisation over a series of 
overriding defeaters is not trivial, even for adults. We highlighted the important role played by the strength of overrid-
ing evidence—both in terms of quantity and quality—in acquiring an undermining defeater. When overriding evidence 
is stronger than the initial belief, adults can acquire an undermining defeater related to the unreliability of a source with 
minimal exposure to such evidence and can apply this to novel contexts. However, when overriding evidence is weaker, 
the likelihood of acquiring an undermining defeater reduces. Intuitively, this makes sense, as we are more likely to notice 
overriding evidence that has an impact on our daily lives; the clearer the reason to reject a previously held belief, the more 
likely we are to change our belief. If, as the results suggest, acquiring undermining defeaters depends on the strength of 
the overriding evidence, this should be accounted for when assessing capacities for acquiring and responding to similar 
undermining defeaters in non-linguistic populations. Additionally, our findings point to an important distinction between 
acquiring and responding to an undermining defeater. Future research should ensure that participants have opportunities 
to respond to the undermining defeater in contexts in which reliable and unreliable sources of evidence are pitted against 
one another and where such a response is the most appropriate.

Supporting information

S1 Table.  Detailed outline of trial structure. 
(DOCX)

S1 File.  Supplementary results. 
(DOCX)

Acknowledgments

We thank Sammy Berninger, Chloe Dow, Eilidh Hughes, Josephine Martin, Brina Recelj, and Gaja Zivec for their assis-
tance with data collection. We also thank Ariane Veit and Remco Folkertsma for their statistical advice.

Author contributions

Conceptualization: Kirsten H. Blakey, Giacomo Melis, Zsófia Virányi, Eva Rafetseder.

Data curation: Kirsten H. Blakey.

Formal analysis: Kirsten H. Blakey, Eva Rafetseder.

Funding acquisition: Giacomo Melis.

Investigation: Kirsten H. Blakey.

Methodology: Kirsten H. Blakey, Giacomo Melis, Zsófia Virányi, Eva Rafetseder.

Project administration: Kirsten H. Blakey.

Software: Kirsten H. Blakey.

Visualization: Kirsten H. Blakey.

Writing – original draft: Kirsten H. Blakey.

Writing – review & editing: Giacomo Melis, Zsófia Virányi, Eva Rafetseder.

References
	1.	 Harris PL, Koenig MA, Corriveau KH, Jaswal VK. Cognitive Foundations of Learning from Testimony. Annu Rev Psychol. 2018;69:251–73. https://

doi.org/10.1146/annurev-psych-122216-011710 PMID: 28793811

	2.	 Rakoczy H, Warneken F, Tomasello M. Young children’s selective learning of rule games from reliable and unreliable models. Cognitive Develop-
ment. 2009;24(1):61–9. https://doi.org/10.1016/j.cogdev.2008.07.004

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0331480.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0331480.s002
https://doi.org/10.1146/annurev-psych-122216-011710
https://doi.org/10.1146/annurev-psych-122216-011710
http://www.ncbi.nlm.nih.gov/pubmed/28793811
https://doi.org/10.1016/j.cogdev.2008.07.004


PLOS One | https://doi.org/10.1371/journal.pone.0331480  November 13, 2025 14 / 15

	 3.	 Tong Y, Wang F, Danovitch J. The role of epistemic and social characteristics in children’s selective trust: Three meta-analyses. Dev Sci. 
2020;23(2):e12895. https://doi.org/10.1111/desc.12895 PMID: 31433880

	 4.	 Pelgrim MH, Espinosa J, Tecwyn EC, Marton SM, Johnston A, Buchsbaum D. What’s the point? Domestic dogs’ sensitivity to the accuracy of 
human informants. Anim Cogn. 2021;24(2):281–97. https://doi.org/10.1007/s10071-021-01493-5 PMID: 33675439

	 5.	 Takaoka A, Maeda T, Hori Y, Fujita K. Do dogs follow behavioral cues from an unreliable human?. Anim Cogn. 2015;18(2):475–83. https://doi.
org/10.1007/s10071-014-0816-2 PMID: 25348065

	 6.	 Blakey KH, Rafetseder E, Atkinson M, Renner E, Cowan-Forsythe F, Sati SJ, et al. Development of strategic social information seeking: Implica-
tions for cumulative culture. PLoS One. 2021;16(8):e0256605. https://doi.org/10.1371/journal.pone.0256605 PMID: 34428243

	 7.	 Heyes C. Who Knows? Metacognitive Social Learning Strategies. Trends Cogn Sci. 2016;20(3):204–13. https://doi.org/10.1016/j.tics.2015.12.007 
PMID: 26778808

	 8.	 Melis G, Blakey KH. Epistemic Rationality Begins Unreflectively. Erkenn. 2025. https://doi.org/10.1007/s10670-025-00977-x

	 9.	 Conee EB, Feldman R. Evidentialism: Essays in Epistemology. Feldman R, editor. Oxford, England: Oxford University Press. 2004.

	10.	 Kornblith H. On Reflection. Oxford University Press. 2012.

	11.	 Williamson T. Knowledge and its limits. New York: Oxford University Press. 2000.

	12.	 Boyle M. A different kind of mind? The Routledge Handbook of Philosophy of Animal Minds. 2018.

	13.	 Korsgaard CM. Self-Constitution: Agency, Identity, and Integrity. OUP Oxford. 2009.

	14.	 Korsgaard CM. Fellow Creatures: Our Obligations to the Other Animals. Oxford University Press. 2018.

	15.	 McDowell J. Mind and World. Cambridge: Harvard University Press. 1994.

	16.	 Moran R. Authority and estrangement: An essay on self-knowledge. Princeton University Press. 2001.

	17.	 Danón L, Kalpokas DE. Doxastic Revision in Non-Human Animals: The First-Order Model. RevPhilPsych. 2023;15(3):1027–48. https://doi.
org/10.1007/s13164-023-00693-x

	18.	 Dretske FI. Minimal rationality. Rational Animals?. Oxford University Press. 2006. p. 107–16. https://doi.org/10.1093/acprof:
oso/9780198528272.003.0003

	19.	 Glock H-J. Agency, Intelligence and Reasons in Animals. Philosophy. 2019;94(04):645–71. https://doi.org/10.1017/s0031819119000275

	20.	 Hurley S. Making Sense of Animals. In: Hurley S, Nudds M, editors. Rational Animals?. Oxford University Press. 2006.

	21.	 Mercier H, Sperber D. The Enigma of Reason. Harvard University Press. 2017. https://doi.org/10.4159/9780674977860

	22.	 Melis G. Understanding undermining defeat. Philos Stud. 2013;170(3):433–42. https://doi.org/10.1007/s11098-013-0238-z

	23.	 Sturgeon S. Pollock on defeasible reasons. Philos Stud. 2012;169(1):105–18. https://doi.org/10.1007/s11098-012-9891-x

	24.	 Melis G, Monsó S. Are Humans the Only Rational Animals?. The Philosophical Quarterly. 2023;74(3):844–64. https://doi.org/10.1093/pq/pqad090

	25.	 O’Madagain C, Helming KA, Schmidt MFH, Shupe E, Call J, Tomasello M. Great apes and human children rationally monitor their decisions. Proc 
Biol Sci. 2022;289(1971):20212686. https://doi.org/10.1098/rspb.2021.2686 PMID: 35317676

	26.	 Schleihauf H, Herrmann E, Fischer J, Engelmann JM. How children revise their beliefs in light of reasons. Child Dev. 2022;93(4):1072–89. https://
doi.org/10.1111/cdev.13758 PMID: 35383921

	27.	 Blakey KH, Rafetseder E, Melis G, Veit A, Amelung K, Freudensprung F, et al. Nonverbal Rationality? 2-Year-Old Children, Dogs, and Pigs Show 
Unselective Responses to Unreliability but to Different Degrees. Child Dev. 2025;:10.1111/cdev.70020. https://doi.org/10.1111/cdev.70020 PMID: 
40757719

	28.	 Kimura K, Gopnik A. Rational Higher-Order Belief Revision in Young Children. Child Dev. 2019;90(1):91–7. https://doi.org/10.1111/cdev.13143 
PMID: 30176052

	29.	 Özkan FE, Ronfard S, Aydın Ç, Köymen B. Turkish- and English-speaking 3-year-old children are sensitive to the evidential strength of claims 
when revising their beliefs. J Exp Child Psychol. 2025;249:106068. https://doi.org/10.1016/j.jecp.2024.106068 PMID: 39293206

	30.	 Peirce J, Gray JR, Simpson S, MacAskill M, Höchenberger R, Sogo H, et al. PsychoPy2: Experiments in behavior made easy. Behav Res Meth-
ods. 2019;51(1):195–203. https://doi.org/10.3758/s13428-018-01193-y PMID: 30734206

	31.	 R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing. 2023.

	32.	 Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. J Stat Softw. 2014;67. https://doi.org/10/gcrnkw

	33.	 Barr DJ, Levy R, Scheepers C, Tily HJ. Random effects structure for confirmatory hypothesis testing: Keep it maximal. J Mem Lang. 
2013;68(3):10.1016/j.jml.2012.11.001. https://doi.org/10.1016/j.jml.2012.11.001 PMID: 24403724

	34.	 Fox J, Weisberg S, Price B, Adler D, Bates D, Baud-Bovy G. car: Companion to Applied Regression. 2023.

	35.	 Forstmeier W, Schielzeth H. Cryptic multiple hypotheses testing in linear models: overestimated effect sizes and the winner’s curse. Behav Ecol 
Sociobiol. 2011;65(1):47–55. https://doi.org/10.1007/s00265-010-1038-5 PMID: 21297852

	36.	 Dobson AJ. An introduction to generalized linear models. 2nd ed. Boca Raton: Chapman & Hall/CRC. 2002.

https://doi.org/10.1111/desc.12895
http://www.ncbi.nlm.nih.gov/pubmed/31433880
https://doi.org/10.1007/s10071-021-01493-5
http://www.ncbi.nlm.nih.gov/pubmed/33675439
https://doi.org/10.1007/s10071-014-0816-2
https://doi.org/10.1007/s10071-014-0816-2
http://www.ncbi.nlm.nih.gov/pubmed/25348065
https://doi.org/10.1371/journal.pone.0256605
http://www.ncbi.nlm.nih.gov/pubmed/34428243
https://doi.org/10.1016/j.tics.2015.12.007
http://www.ncbi.nlm.nih.gov/pubmed/26778808
https://doi.org/10.1007/s10670-025-00977-x
https://doi.org/10.1007/s13164-023-00693-x
https://doi.org/10.1007/s13164-023-00693-x
https://doi.org/10.1093/acprof:oso/9780198528272.003.0003
https://doi.org/10.1093/acprof:oso/9780198528272.003.0003
https://doi.org/10.1017/s0031819119000275
https://doi.org/10.4159/9780674977860
https://doi.org/10.1007/s11098-013-0238-z
https://doi.org/10.1007/s11098-012-9891-x
https://doi.org/10.1093/pq/pqad090
https://doi.org/10.1098/rspb.2021.2686
http://www.ncbi.nlm.nih.gov/pubmed/35317676
https://doi.org/10.1111/cdev.13758
https://doi.org/10.1111/cdev.13758
http://www.ncbi.nlm.nih.gov/pubmed/35383921
https://doi.org/10.1111/cdev.70020
http://www.ncbi.nlm.nih.gov/pubmed/40757719
https://doi.org/10.1111/cdev.13143
http://www.ncbi.nlm.nih.gov/pubmed/30176052
https://doi.org/10.1016/j.jecp.2024.106068
http://www.ncbi.nlm.nih.gov/pubmed/39293206
https://doi.org/10.3758/s13428-018-01193-y
http://www.ncbi.nlm.nih.gov/pubmed/30734206
https://doi.org/10/gcrnkw
https://doi.org/10.1016/j.jml.2012.11.001
http://www.ncbi.nlm.nih.gov/pubmed/24403724
https://doi.org/10.1007/s00265-010-1038-5
http://www.ncbi.nlm.nih.gov/pubmed/21297852


PLOS One | https://doi.org/10.1371/journal.pone.0331480  November 13, 2025 15 / 15

	37.	 Lenth R, Singmann H, Love J, Buerkner P, Herve M. Emmeans - Estimated marginal means, aka least-squares means. https://cran.r-project.org/
package=emmeans. 2019.

	38.	 Casullo A. A Priori Justification. Oxford, England: Oxford University Press USA. 2003.

	39.	 Ronfard S, Lane JD. Children’s and adults’ epistemic trust in and impressions of inaccurate informants. J Exp Child Psychol. 2019;188:104662. 
https://doi.org/10.1016/j.jecp.2019.104662 PMID: 31470226

	40.	 Blanco NJ, Sloutsky VM. Systematic exploration and uncertainty dominate young children’s choices. Dev Sci. 2021;24(2):e13026. https://doi.
org/10.1111/desc.13026 PMID: 32767496

https://cran.r-project.org/package=emmeans
https://cran.r-project.org/package=emmeans
https://doi.org/10.1016/j.jecp.2019.104662
http://www.ncbi.nlm.nih.gov/pubmed/31470226
https://doi.org/10.1111/desc.13026
https://doi.org/10.1111/desc.13026
http://www.ncbi.nlm.nih.gov/pubmed/32767496

