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Abstract 

At its best, collaboration allows for humans to overcome 
individual limitations by pooling the knowledge of many 
minds. However, realizing the full potential of collaboration is 
difficult because some team members’ perspectives may be 
systematically excluded based on their social identities. Here, 
we use a classic marble-urn paradigm to empirically test the 
underlying causes of and specific conditions that give rise to 
testimonial injustice. Across two experiments (one 
preregistered, one pilot; N = 147), we find that men are 
consistently (a) more confident than women in expressing their 
testimony, and (b) less likely than women to revise their beliefs 
after incorporating others’ testimony, specifically when the 
evidence participants have access to is moderately strong 
(Experiment 1) and highly diagnostic (Experiment 2) but not 
definitive. Our work provides important insights into when and 
how collaborations fail, as well as the psychological root 
causes that underlie persistent gender discrepancies in group 
decision-making contexts. 

Keywords: collaboration; decision making; testimonial 
injustice; gender; social groups; statistical inference 

Introduction 

Collaboration provides a way for us to make better decisions 

by pooling the knowledge and perspective of many minds 

(Dreber et al., 2015). However, fully integrating everyone’s 

perspectives provides challenges, as working as a team also 

introduces systematic biases in who gets heard. A key source 

of bias in this area is gender: In workplace contexts, for 

example, women are penalized for speaking out more 

(Brescoll, 2011), their contributions are often downplayed 

(Heilman & Haynes, 2005), and they are asked to—and 

ultimately perform—more tasks that are low in visibility and 

promotability than their male counterparts (Babcock et al., 

2017; Nelson et al., 2023). These inequalities are known as 

testimonial injustice, defined here as inequities in whose 

perspective gets voiced and heard. 
Testimonial injustice has pernicious consequences both for 

teams and for the people whose perspectives are overlooked. 

It harms teams because teams end up systematically missing 

out on a particular set of perspectives. For example, because 

women’s perspectives were historically underrepresented in 

U.S. healthcare research, both as researchers and as study 

participants, early cardiovascular disease research was 

largely male-centric. By adopting a one-size-fits-all 

approach, early treatment for cardiovascular disease failed to 

account for human variation in artery size, hormonal cycles, 

and body fat composition—variation that would have been 

considered earlier if women’s perspectives were included. 

This oversight led to more misdiagnoses and less effective 

treatment plans for both male and female patients, causing 

harm to patients across the board, as well as to researchers 

(George et al., 2015; Mosca et al., 2011). Testimonial 

injustice, of course, also leads to harmful consequences for 

the individuals whose perspectives are overlooked, because 

the decisions made by the team may not align with their 

priorities. For example, early research on voice-recognition 

and speech-to-text technologies overwhelmingly used male 

engineers and male voices for testing and development. As a 

result, these technologies were more effective in recognizing 

male than female voices (Bajorek, 2019), leading to lower 

accuracy and poorer user experience for women. 

The goal of the present research is to understand the 

cognitive mechanisms underlying testimonial injustice. Our 

overarching hypothesis is that testimonial injustice may arise 

from both discrepancies in people’s (1) confidence to express 

their own testimony and (2) willingness to revise their 

testimony based on others’ input. Critically, these two 

possibilities are not mutually exclusive, and they may affect 

different stages of group decision-making and planning. For 

example, suppose that an intern has noticed a mistake during 

an important team meeting. In this scenario, both causes we 

listed may prevent her from getting her message across. On 

one hand, the intern may be less likely to share her initial 

judgment to begin with, because she does not expect her input 

to be well received based on her age, gender, and status 

(Martin & Ruble, 2004; Mead, 2012; Medina, 2013; 

Ridgeway, 2009; Tice, 1992). On the other hand, even if the 

intern does share her testimony, she might be quick to revise 

her original judgment after hearing others’ opinions—even 

when her own evidence was reasonably strong—by placing 

greater weight on others’ input than her own (Carli, 1989; 

Eagly et al., 1981; Eagly & Chrvala, 1986). 

 Both possibilities are supported by decades of research on 

group decision-making and planning in businesses, 

courtrooms, and healthcare settings. Prior work finds 

converging evidence that social identities such as gender 

systematically bias how much information people disclose in 

meetings (Brescoll, 2011) and how likely they are to conform 

to other group members’ input (Eagly, 1983). However, even 

after decades of research on biases in collaboration, we still 

do not know the evidentiary conditions that give rise to each 

of these possibilities, and consequently, how to best intervene 

on their underlying causes. Therefore, studying the 

conditions that contribute to testimonial injustice enables us 

to identify specific targets of intervention (e.g., encouraging 
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women to speak up more vs. implementing decision-making 

structures that limit undue belief revision). 

In this paper, participants observe marbles drawn from an 

urn and infer which urn produced the marble based on their 

firsthand observations and testimony from a partner who 

observes a different sample. This marble-urn task is a 

foundational paradigm of cognitive science, because it can be 

extended to formally describe how people combine firsthand 

evidence with a variety of social cues, including their 

partner’s testimony, confidence, emotional expressions, and 

intent (Campbell-Meiklejohn et al., 2017; Oey et al., 2023; 

Wu et al., 2024). Here, this paradigm serves as the ideal setup 

to isolate the impacts of different potential social sources of 

bias on group decision-making using one set-up. Experiment 

1 tests how participants incorporate their own evidence with 

their partner’s testimony in different stages of decision-

making (expressing and revising testimony). Experiment 2 

pilot tests a more fine-grained version of this study by 

varying evidence strength parametrically rather than 

categorically. All experimental procedures and analytic 

approaches were preregistered: 

https://aspredicted.org/bw4zg7.pdf. 

Experiment 1 

Methods 

Participants 107 adults (53 women, 54 men) participated in 

this study online on Prolific. Following preregistered 

exclusion guidelines, an additional 3 participants were 

excluded due to low self-reported attention.  

 

Procedure Participants worked with a simulated agent that 

was presented as another participant (i.e., their partner) to 

guess which of two urns—a Majority-Red or Majority-Blue 

urn—was being drawn from (Fig. 1A). They were told that 

each participant would receive a different sample of 10 

marbles, which provided Weak, Moderate, or Strong 

evidence about which urn it was drawn from (Fig. 1B). 

Participants then provided an initial prediction (Red/Blue) 

and confidence rating (High/Low; Fig. 1C) and were given 

the opportunity to revise their prediction after viewing the 

simulated agent’s response, which varied by (a) whether it 

matched the participant’s response, and (b) the simulated 

agent’s level of confidence. 

Participants completed 24 trials, counterbalancing 

evidence strength (Strong/Moderate/Weak), majority marble 

color (Red/Blue), partner response (Congruent/Incongruent), 

and partner confidence (High/Low). 

 

 

Figure 1: Experiment 1 procedure. (A) Samples were drawn from a Majority-Red or Majority-Blue urn. (B) On each trial, 

participants received strong, moderate, or weak evidence about which urn the marbles were drawn from. (C) Participants 

were asked to infer which urn the marbles were drawn from and indicate their confidence, both before and after seeing their 

partner’s response.
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Results 

Does gender affect willingness to share testimony? Using 

the lme4 package in RStudio, we fit a preregistered model 

that predicted participants’ initial confidence ratings based on 

fixed effects of participant gender, evidence strength, and 

their interactions, and a random effect of participant ID. 

As expected, participants expressed higher confidence 

overall when their evidence was stronger (main effect of 

evidence strength: χ²(1) = 1507.0, p < .001). 

More central to our key research question, this effect was 

further qualified by a predicted two-way interaction between 

participant gender and evidence strength (χ²(1) = 7.01, p = 

.030; see Fig. 2). Additional post-hoc analyses indicated that 

men expressed marginally higher confidence than women 

when they received moderately strong evidence (b = 1.00, SE 

= .58, z = 1.73, p = .084), but no gender differences emerged 

when the evidence was strong or weak (ps > .35). 

 

 
 

Figure 2: Participant confidence when expressing 

testimony by participant gender and evidence strength. 

Small shapes reflect individual averages, and large lines 

reflect group averages. Error bars reflect 95% CIs. 

 
1 The difference between their revised testimony (if applicable) 

and original testimony. For example, a change from Definitely Red 

to Definitely Blue indicates a degree of confidence change of 3 scale 

Does gender affect belief revision based on others’ 

testimony? Using the lme4 package in RStudio, we fit two 

preregistered models that predicted (a) whether participants 

revised their testimony, and (b) their degree of confidence 

change1 based on fixed effects of participant gender, evidence 

strength, partner confidence levels, and their interactions, and 

a random effect of participant ID. 

For the binary outcome of whether participants changed 

their testimony, the model again revealed a significant 

interaction effect between participant gender and evidence 

strength (χ²(1) = 8.39, p = .015), where women were more 

likely to revise their initial testimony when their own 

evidence was moderately strong (b = 1.34, SE = .59, z = 2.28, 

p = .023), but no gender differences emerged when the 

evidence was strong or weak (ps > .10; see Fig. 3). 

 

 
 

Figure 3: Whether participants revise their testimony after 

observing their partner’s testimony by participant gender 

and evidence strength. Small shapes reflect individual 

averages, and large lines reflect group averages. Error bars 

reflect 95% CIs. 

 

Beyond the main hypotheses, participants also showed 

evidence of reasonable patterns of belief updating. The model 

revealed main effects of evidence strength (where 

participants were less likely to revise their testimony with 

points, while no revision indicates a degree of confidence change of 

0. 
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stronger evidence; χ²(1) = 19.23, p < .001) and partner 

confidence level (where participants were more likely to 

revise their testimony when their teammate indicated higher 

confidence; χ²(1) = 11.02, p < .001). These main effects were 

further qualified by a two-way interaction between evidence 

strength and partner confidence level (χ²(1) = 7.39, p = .025), 

where participants were more likely to revise their testimony 

when their teammate indicated higher confidence for weak (b 

= .58, SE = .29, z = 2.03, p = .042) and moderate (b = 1.33, 

SE = .39, z = 3.44, p < .001) evidence strengths, but not when 

they received strong evidence themselves (p > .80). 

For participants’ graded degree of confidence change, the 

model again revealed a significant interaction between 

participant gender and evidence strength (χ²(1) = 6.48, p = 

.039), where women indicated a larger confidence change in 

their testimony when their own evidence was moderately 

strong (b = .07, SE = .03, t = 2.28, p = .024), but not when the 

evidence was strong or weak (ps > .15). 

Again, separate from the main analyses, the model also 

revealed main effects of evidence strength (where 

participants indicated lower levels of confidence change with 

stronger evidence; χ²(1) = 15.08, p < .001) and partner 

confidence level (where participants indicated higher levels 

of confidence change when their teammate indicated higher 

confidence; χ²(1) = 13.90, p < .001). These main effects were 

further qualified by a two-way interaction between evidence 

strength and partner confidence level (χ²(1) = 7.21, p = .027), 

where participants indicated lower levels of confidence 

change when their teammate indicated higher confidence for 

weak (b = .05, SE = .02, t = 3.02, p = .003) and moderate (b 

= .06, SE = .02, t = 3.47, p < .001) evidence strengths, but not 

when they received strong evidence themselves (p > .95). 

Discussion 

These data suggest that testimonial injustice in collaborative 

decision-making arises from two mechanisms: discrepancies 

in people’s (a) confidence to express their own testimony and 

(b) willingness to revise their testimony. Across both these 

factors, we found that compared to men, women were 

marginally less confident in expressing their testimony and 

significantly more willing to revise their testimony when 

their own evidence was moderately strong (not when it was 

definitively strong or weak). However, the current 

experiment used a coarse manipulation of evidence strength. 

In order to more precisely estimate this potential gender 

difference, we next ran a more fine-grained version of the 

present experiment where evidence strength varied 

parametrically. 

Experiment 2 (Pilot Study) 

Methods 

Participants 40 adults (20 women, 20 men) participated in 

this pilot study online on Prolific. 

 

Procedure The experimental procedure was identical to 

Experiment 1, except that evidence strength varied 

parametrically rather than categorically, so participants 

completed 40 trials instead of 24, which were 

counterbalanced by evidence strength (1-10 red marbles), 

majority marble color (Red/Blue), partner response 

(Congruent/Incongruent), and partner confidence 

(High/Low). Evidence strength was coded as majority color 

proportion, which varied between 50% (i.e., 5 red and blue 

marbles) and 100% (i.e., 10 red marbles). 

The following analyses use preliminary pilot data and are 

presented for exploratory purposes only; they were not 

preregistered. 

Results 

Does gender affect willingness to share testimony? Using 

the stats package in RStudio, we fit a model that predicted 

participants’ initial confidence ratings based on fixed effects 

of participant gender, evidence strength, and their 

interactions. 

Again, as expected, participants expressed higher 

confidence overall when their evidence was stronger (main 

effect of evidence strength: χ²(1) = 1036.9, p < .001). 

More central to our key research question, the model again 

revealed a two-way interaction between participant gender 

and evidence strength (χ²(1) = 12.19, p = .032; see Fig. 4). 

Additional post-hoc analyses indicated that men expressed 

higher confidence than women only for samples where the 
majority color proportion was 90% (b = 1.35, SE = .45, z = 

3.03, p = .002), but not others (ps > .20). 

 

 
 

3829



 

 

Figure 4: Participant confidence when expressing 

testimony by participant gender and the majority color 

proportion of the sample. Small shapes reflect individual 

averages, and large lines reflect group averages. Error bars 

reflect 95% CIs. 

 

Does gender affect belief revision based on others’ 

testimony? Using the stats package in RStudio, we fit two 

models that predicted (a) whether participants revised their 

testimony, and (b) their degree of confidence change based 

on fixed effects of participant gender, evidence strength, 

partner confidence levels, and their interactions. 

For the binary outcome of whether participants changed 

their testimony, the model again revealed a significant 

interaction effect between participant gender and evidence 

strength (χ²(1) = 14.57, p = .012), showing that women were 

more likely to revise their initial testimony for samples where 

the majority color proportion was 90% (b = 1.75, SE = .56, z 

= 3.12, p = .002), but that no gender differences emerged for 

other samples (ps > .30; see Fig. 5). 

 

 
 

Figure 5: Whether participants revise their testimony after 

observing their partner’s testimony by participant gender 

and the majority color proportion of the sample. Small 

shapes reflect individual averages, and large lines reflect 

group averages. Error bars reflect 95% CIs. 

 

Separate from the gender-related analyses, the model 

revealed main effects of evidence strength (where 

participants were less likely to revise their testimony with 

higher majority color proportions; χ²(1) = 133.22, p < .001) 

and partner confidence level (where participants were more 

likely to revise their testimony when their teammate indicated 

higher confidence; χ²(1) = 64.02, p < .001). These main 

effects were again qualified by a two-way interaction 

between evidence strength and partner confidence level (χ²(1) 

= 16.05, p = .007), where participants were more likely to 

revise their testimony when their teammate indicated higher 

confidence for samples where the majority color proportion 

was 60% (b = 1.89, SE = .32, z = 5.99, p < .001), 70% (b = 

1.51, SE = .34, z = 4.44, p < .001), and 80% (b = 1.24, SE = 

.41, z = 3.02, p = .003), but not others (ps > .15). 

For participants’ graded degree of confidence change, the 

model again revealed a significant interaction between 

participant gender and evidence strength (χ²(1) = 11.15, p = 

.048), where women indicated a larger confidence change in 

their testimony when their own evidence contained 90% of 

the majority color marbles (b = .15, SE = .05, t = 3.06, p = 

.002), but not for the other marble distributions (ps > .15). 

Again, regarding the secondary analyses, the model 

revealed main effects of evidence strength (where 

participants indicated lower levels of confidence change with 

stronger evidence; χ²(1) = 107.51, p < .001) and partner 

confidence level (where participants indicated higher levels 

of confidence change when their teammate indicated higher 

confidence; χ²(1) = 60.59, p < .001). These main effects were 

further qualified by a two-way interaction between evidence 

strength and partner confidence level (χ²(1) = 34.35, p < 

.001). Participants revised their initial judgment in response 

to a high-confidence judgment from a partner when their own 

evidence was weak (i.e., 80% or fewer majority color 

marbles; ps < .05), but not when their own evidence was 

strong (i.e., 90% or more majority color marbles; ps > .50). 

Discussion 

These preliminary pilot data provide additional preliminary 

support for the possibility that testimonial injustice arises 

from both discrepancies in people’s confidence to express 

their own testimony in the first place, as well as their 

willingness to revise their testimony when incorporating 

others’ input. 

Furthermore, consistent with the findings from Experiment 

1, this more fine-grained version of the study provided 

preliminary evidence that these gender discrepancies are 

most robust when participants’ own evidence is strong but 

not definitive. Along with the findings from Experiment 1, 

this result holds important theoretical and practical 

implications, as the evidence people encounter in science, 

law, medicine, and other decision-making contexts is also 

most often moderately strong but not definitively conclusive 

(Guyatt et al., 2011; Hozo et al., 2008). Together, these data 

support the possibility that testimonial injustice arises in 

these contexts not because women’s evidence is weaker than 

men’s, but because women are less confident in expressing 

their judgments and more willing to revise them even when 

their own evidence is relatively strong. 
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General Discussion 

Successful collaboration requires integrating the perspectives 

of team members with different—and often unique—

information. Yet, even in well-intentioned groups, some 

perspectives may fail to shape collective decisions, leading 

teams to overlook valuable information and miss important 

insights. Here, we found that, even when accessing 

reasonably strong evidence, women were consistently less 

confident in expressing their testimony and more likely to 

change their initial judgment when considering others’ input. 

 Importantly, these discrepancies were not uniform across 

levels of evidence strength. Specifically, women and men 

were equally confident in their testimony when they had 

access to definitive or inconclusive evidence, but women 

were less confident than men when their own evidence was 

moderately strong (Experiment 1). To further clarify the 

specific conditions that give rise to these discrepancies, we 

piloted a more fine-grained manipulation of evidence 

strength, which provided preliminary evidence that such 

gender discrepancies are most robust when evidence is highly 

diagnostic (Experiment 2). 

We observed similar discrepancies in women and men’s 

willingness to revise their initial testimony based on input 

from a partner.  Specifically, these discrepancies were most 

pronounced when evidence was moderately strong 

(Experiment 1) and highly diagnostic (Experiment 2). 

Together, these results suggest that testimonial injustice is 

most likely to emerge when team members are making 

judgments based on reasonably strong yet not definitive 

information, as is often the case in real-world scientific and 

legal contexts (Guyatt et al., 2011). Together, these findings 

shed light on both the cognitive mechanisms and evidentiary 

conditions that give rise to testimonial injustice. 

Why did gender discrepancies emerge when participants 

had access to reasonably strong evidence? One possibility is 

that there might be gender discrepancies in epistemic 

standards (i.e., what evidence “counts” as strong enough to 

shape beliefs). For example, when assessing performance, 

women consistently report higher evidence thresholds than 

men, requiring stronger evidence to rate their performance 

positively, feel confident about their abilities, and pursue 

advanced opportunities (Abraham et al., 2024; Beyer & 

Bowden, 1997; Cimpian et al., 2020; Marshman et al., 2018). 

Indeed, in the pilot data from Experiment 2, men reported 

comparable levels of confidence and likelihood to revise after 

observing samples containing 90% and 100% of the majority 

color marbles, while women’s scores at 90% were closer to 

those at 80%. Although these preliminary observations 

should be considered cautiously, this pattern is consistent 

with the possibility that women apply higher epistemic 

standards when considering whether the evidence they have 

in hand is strong enough to warrant absolute confidence. 

Relatedly, women also report lower confidence in general 

than men, with men exhibiting overconfidence in a variety of 

domains, including for academic assessments, medical 

knowledge, and investment decisions (Bandiera et al., 2022; 

Bengtsson et al., 2005; Lundeberg et al., 1994; Vajapey et al., 

2020). We propose that these gender discrepancies in 

confidence may be amplified in moderate-to-strong evidence 

conditions due to differences in the perceived costs of error 

(Byrnes et al., 1999; Croson & Gneezy, 2009; Eckel & 

Grossman, 2008). From a utility calculus perspective (Jara-

Ettinger et al., 2016), decision-makers weigh the cost of 

expressing confidence and being wrong against the cost of 

expressing uncertainty and potentially revising their 

judgment. When evidence is weak, caution is warranted for 

all decision-makers regardless of gender; when evidence is 

definitive, the risk of error is minimal for everyone. However, 

when evidence is strong but not conclusive, the tradeoff 

between asserting and risking error is more salient. It is 

precisely in this ambiguous middle ground—where 

confidence could be justified but error remains possible—

that gender differences in the anticipated social costs of 

overconfidence may have the strongest influence on 

collaborative decision-making. 

Another possibility, not mutually exclusive from the 

others, is that women may place greater emphasis than men 

on the social context in which the task occurs. For example, 

women on average have more interdependent self-construals 

than men (Cross & Madson, 1997; Guimond et al., 2006), 

which might cause them to be more responsive to others’ 

input during group decision-making processes, particularly 

under conditions of ambiguity. This heightened sensitivity to 

social considerations is likely amplified when participants are 

certain about the direction of their belief (e.g., choose the 

majority-red or majority-blue urn), but there remains 

uncertainty about how strongly to assert that belief (e.g., 

indicate high or low confidence) in a highly social context. 

Given these potential causes underlying the interactive 

effects of gender and evidence strength on participants’ 

expression and revision of testimony, future research that 

explores the relative weight of these causes more directly 

would be fruitful for identifying specific points of 

intervention. In addition, by comparing these data to those of 

an ideal observer model, future modeling efforts can also 

inform whether participants are appropriately calibrated to 

the evidence that they receive (e.g., if gender discrepancies in 

testimony expression exist because men are overconfident or 

because women are underconfident). 

Furthermore, aside from gender discrepancies in the 

expression and revision of testimony, future implementations 

of the present setup can also shed light on additional 

processes that give rise to testimonial injustice in group 

settings. For example, a multiplayer version of the present 

setup can directly test the possibility that testimonial injustice 

also arises via discrepancies in not just internalized beliefs 

about one’s own social identities, but also how these 

identities are perceived by others. These future iterations will 

complement the current research in characterizing a more 

comprehensive picture of the various root causes of 

testimonial injustice. Until then, this research serves as a first 

empirical step towards understanding the specific conditions 

that give rise to testimonial injustice and how it might be 

effectively mitigated. 
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