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In any visual search task, individuals routinely make errors1,2. These errors can be 
categorized as deterministic or stochastic.
• Deterministic error: if you miss this target in this display once, you will definitely miss it 

again.
• Stochastic error: the error occurs randomly with some probability from trial to trial. 
To empirically categorize errors in a simple search task, our observers searched for 
the letter “T” among “L” distractors, with each display presented twice.
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Methods
q Exp 1: When the letters were  clearly visible, the errors 

were almost purely stochastic. 
q Exp 2a & 2b: When the letters were of different grayscale 

values and were presented on a noisy background, the 
errors were a mix of deterministic errors and stochastic 
errors, with low contrast targets accounting for most 
deterministic errors.

q Exp 3a, 3b & 3c: Among the three different cueing 
interventions, only the item cueing intervention that 
included knowledge of item locations in Experiment 3c 
could effectively reduce errors and the reduced errors 
were mainly deterministic errors. 

Discussion

Exp 1: Visible letters (white letters 
on a uniform gray background).

Exp 2a & 2b: The visibility of letters was manipulated 
(letters of different gray levels on a noisy background).

Exp 3a, 3b & 3c: Cueing interventions (two groups: noCue – noCue, noCue - Cue).

Exp 1: Errors were stochastic Exp 2: Errors were a mix • When targets are clearly visible, errors are almost 
completely stochastic. Such errors may be hard to reduce 
by any method that does not come down to spending 
more time or adding a second observer. 

• When targets are harder but not impossible to see, more 
of these hard-to-see targets appear to be missed in a 
deterministic manner. Deterministic errors due to low 
target contrast could be reduced by an appropriate 
intervention, e.g., image enhancing algorithms.

Conclusion

Acknowledgement: JMW was supported by NIH-NEI: EY017001, NSF: 2146617, and NIH-NCI: CA207490. AL and JH were supported by UKRI grant ES/X000443/1. 

Exp 3: Deterministic errors were reduced in Exp 3c

Response to the first 
appearance

2nd response 
contingent on the 
first

P1: The proportion of miss errors on the 1st copy of stimuli.
P2: The proportion of miss errors on the 2nd copy of stimuli.
P12: The proportion of miss errors on both copies. 

§ noCue - noCue
𝑑 = 𝑑1 = 𝑑2

§ noCue - Cue
𝑑1 (noCue − Cue) = 𝑑(noCue − noCue)

Deterministic errors were mostly 
from low-contrast targets.
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P2 < P1
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In all the experiments, each stimulus was presented twice. The two copies of 
stimuli were randomly mixed during the experiment. Thus, the two copies of the 
same stimulus can be very close or very far from each other in each experiment. 

Exp 3a (random cueing): 
A yellow dot jumped at 

random places in the search 
display. 

Exp 3b (area cueing): 
An outline yellow square 

moved in a spiral fashion in 
the search display. 

Exp 3c (item cueing): 
A set of static yellow squares 
highlighted the positions of 

all items . 

solve equations

• If all errors are stochastic, 𝑷𝟏𝟐 = 𝑷𝟏 ∗ 𝑷𝟐.
• If all errors in round 1 or round 2 are deterministic, 𝑷𝟏𝟐 = 𝐦𝐢𝐧(𝑷𝟏, 𝑷𝟐).
• If errors are a mix of stochastic and deterministic, 𝑷𝟏 ∗ 𝑷𝟐 < 𝑷𝟏𝟐 < 𝐦𝐢𝐧(𝑷𝟏, 𝑷𝟐)

Parameters
𝒅𝟏 & 𝒅𝟐: The proportion of deterministic errors relative to the total 
number of stimuli in round 1 and round 2.
𝒔𝟏 & 𝒔𝟐: The stochastic error rates for a stimulus in round 1 and round 2.

d2 < d1

Observed 𝑷𝟏𝟐 almost overlapped 
with stochastic predictions.

Estimated 𝒅 was not significantly 
different from 0.

3a: No improvement

3b: No improvement

3c: Improvement

Low-contrast Ts High-contrast Ts


