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Sensory uncertainty is often near-optimally accounted for when 
information is integrated within or across the senses. To combine 
optimally, observers must weight different information according to 
its reliability (Körding and Wolpert, 2004; Ernst and Banks, 2002). 

● Previous research suggests that perceptual and decision making 
systems are not equally able to account for all types of uncertainty

● Castanon et al. (2019) reported an inability to account for 
encoding but not integration uncertainty and Kiryakova et al. 
(2020) suggested that extrinsic uncertainty is treated differently to 
intrinsic uncertainty

Background Information Hypotheses

Results: Observers are sensitive to intrinsic but not extrinsic noise
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Participants put more weight on the visual cue when intrinsic uncertainty was 
lowest – significant main effect of level of intrinsic noise (low vs high)
-  F(1, 39) = 139.77, p < .001 , ηp

2    = .782

Participants did not account for extrinsic noise when weighting the visual cue – 
no main effect of extrinsic noise (present vs absent)
-  F(1, 39) = 1.63, p = .209, ηp

2 = .040

Participants put more weight on visual cue when prior uncertainty was highest – 
significant main effect of prior distribution (narrow vs wide)

- F(1,39) = 5.46, p = .025, ηp
2 = .123

Subsequently, performance was found to be further from optimal when 
participants were using visual cues which were corrupted 
by intrinsic + extrinsic noise compared to intrinsic - only noise
- t(39) = -6.66, p < .001

Observers did not differ significantly in the weight they put on a visual cue 
corrupted by intrinsic-only vs. intrinsic + extrinsic noise.

● Observers were closer to optimal performance when using visual cues 
corrupted by intrinsic-only noise, in comparison to cues corrupted with 
intrinsic + extrinsic noise where performance was measured to be further 
from optimal

● 40 participants were tested online 
(jsPsych + Gorilla + Prolific)

1) Calibration Block → 
Low and high intrinsic-only visual cues 
were presented.
Participants were tasked with 
estimating the hidden location. 
Feedback was provided as shown in 
the diagram.

● Purpose: to determine standard 
deviation of extrinsic noise 
distribution used separately in each 
individual

2) Training Block → 
Low and high intrinsic + extrinsic visual 
cues were presented.
Procedure from the Calibration Block 
was also used here.

● Purpose: to allow subjects to learn 
extrinsic noise distribution

3)  Test Blocks X2 →
All four visual cues interleaved with 
either a narrow or wide distribution 
introduced at the start of each block 
(alternating between the two blocks)

● Learning of these priors was 
reinforced through feedback

● Priors also shown at the start of the 
block

In a task where participants use visual and prior information 
to locate a hidden target, we hypothesized that participants 

would overweight the visual information if the source of 
uncertainty was extrinsic rather than intrinsic to the 

participant.

Types of Noise
Intrinsic noise: noise that only becomes apparent in the 
sensory cue during perceptual process
Extrinsic noise: noise that is inherent or present in the 
environment of the sensory cue

An ideal observer (black dots) would down-weight the sensory cue when 
intrinsic noise is high (right vs. left bar), and when extrinsic noise is high (cyan 

vs. magenta bar)


