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Abstract 

In decision-making, confidence is the ability to 
judge how likely our choices are to be correct or 
incorrect. Whilst this internal sense of accuracy 
can be a useful tool with which to adapt our 
behaviour, it is not always reliable. In fact, 
certain visual manipulations can lead observers 
to feel more confident even when the likelihood 
of correct choices remains the same.  Here we 
used such a manipulation combined with  
magnetoencephalography, to investigate the 
neural basis of the “positive-evidence bias”.  
Participants performed a visual decision-making 
task with confidence judgements, in which we 
induced overconfidence in one of two 
conditions, while keeping accuracy between the 
conditions the same.  We found evidence that 
the observed behavioral overconfidence could 
be explained by increased separation and 
variance of neural evidence representations and 
is not necessarily due to a higher-level cognitive 
bias.   
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Introduction 

In decision-making, confidence is the ability to judge 
how likely our choices are to be correct or incorrect. 
An important aspect of confidence is that it is 
correlated with accuracy. If we are highly confident in 
our decisions, those decisions are more likely to be 
accurate. While this internal sense of accuracy can 
be a useful tool with which to guide our future 
behaviour, it is not always reliable. Certain visual 
manipulations can make us feel more confident than 
we should be. One example of such a manipulation 
is known as the “positive-evidence bias”.  
Specifically, by varying the magnitude and ratio 
between evidence that supports the choice (‘positive 
evidence’) and the evidence for the opposing choice 
(‘negative evidence’), humans and non-human 
primates can perform perceptual decision-making 
tasks with similar levels of accuracy, but different 
levels of confidence (Odegaard et al., 2018; Samaha 
& Denison, 2022). High magnitudes of positive and 
negative evidence leave participants more confident 
than if the magnitude were smaller while keeping the 
ratio between positive and negative evidence similar. 
 When it comes to behavioural studies 
investigating this manipulation, there are two 
common explanations. Overconfidence arises either 
due to: (1) a higher-level cognitive bias e.g. 
observers only focus on confirmatory evidence when 



constructing confidence judgments, or (2) an 
increase in separation and variance of evidence 
distributions, without a change in the confidence 
criterion. In the latter case higher confidence is a 
result of the choice distribution being shifted towards 
more extreme values (Shekhar & Rahnev, 2024).  
 To investigate the whole-brain neural 
dynamics and uncover the signals related to choice 
and confidence, we used magnetoencephalography 
(MEG) paired with multivariate decoding and signal 
detection theory (SDT) modelling. We measured 
means and variances of choice distributions in 
neural and behavioural data and found evidence that 
the increased separation and variance of these 
distributions can explain behavioural 
overconfidence. These results contribute to a 
mechanistic understanding of the neural basis of 
confidence in human decision-making (Rahnev et 
al., 2022). 
 

Methods 

We recorded MEG data from 37 subjects using a 
271-channel whole-head MEG system. Participants 
performed a visual decision-making task with binary 
confidence judgements in which they had to judge 
whether orientation stimuli were tilted 45° or -45°. 
The task consisted of 960 trials from two randomly 
interleaved conditions: (1) High Positive Evidence 
(HPE), with strong evidence for both orientations 
and (2) Low Positive Evidence (LPE), with low 
evidence for both orientations. All stimuli had 
evidence for both orientations, but there was always 
more positive evidence. We fixed the parameters 
determining the strength of evidence to ensure 66% 
accuracy in both conditions.  Participants had to 
simultaneously choose the orientation and the 
confidence level by pressing one of four buttons. A 
target screen, showing which button corresponded 
to which orientation and confidence level, appeared 
after the stimulus presentation.  
 Using multivariate decoding (cvManova, 
Allefeld & Haynes, 2014; Sandhaeger et al., 2023), 
we investigated neural information related to choice, 
confidence and stimulus orientation.  
 

Results 

While the accuracy between the conditions was not 
significantly different, participants were significantly 
more confident in the HPE condition (pconfidence = 2.5 
× 10⁻⁶ for one-tailed t-test; see Fig. 1).    

 

Figure 1: Accuracy and confidence plotted 
separately for LPE and HPE conditions. Each pair of 
coloured dots represents a single participant. 

Using multivariate decoding, we found significant 
neural information related to choice, confidence, and 
stimulus orientation using all trials (see Fig. 2). We 
found that both, the mean and variance of the choice 
information distribution were significantly higher in 
the HPE than in the LPE condition (pmeans = 0.0097, 
pvariances = 0.0222 for one-tailed t-test; see Fig. 3).  

 

Figure 2: Decoded neural information related to 
choice, confidence, and stimulus orientation using 
trials of both conditions for training and testing. 
Horizontal bars indicate clusters of significant 
temporal information (p < 0.05).  



         

Figure 3: Difference of mean and variance of choice 
information distributions between HPE and LPE 
conditions. Each blue dot represents one participant, 
while the orange dots represent the mean value. 
 

Conclusions 

We found that increasing both positive and negative 
evidence in orientation stimuli induces 
overconfidence for similar levels of accuracy. We 
show that both the mean and variance of choice 
information are higher in the HPE than in the LPE 
condition across participants. This provides evidence 
that “positive-evidence bias” can be explained by 
low-level changes in the representation of sensory 
evidence rather than by a higher-level cognitive bias.  
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