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• Results show that biases are responsible for the observed differences in letter usage in the letter acuity 
measurements with Sloan letters  

• In the future, it will be important to investigate whether the observed response biases are likely to have 
a meaningful effect on clinical measures of visual performance
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• Previous studies suggest biases towards 
certain letters in acuity measurements [1-4]  

• Here we measured letter identification 
performance against letter size, spanning 
the resolution threshold, for 10 Sloan letters 
at central and paracentral (±3˚ eccentricity) 
visual field locations 

• The aim of the current study was to develop 
a model to quantify such biases

BACKGROUND

• N=10 (naïve subjects) 
• Visual acuity measurements for Sloan 

letters 
• Central and 3˚ eccentricity in upper and 

lower visual field (vertical meridian). 
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RESULTS

• A fit of the two-factor (bias and sensitivity) model  
• B the model was re-computed with Sgdt = 0. 
• C the model was re-computed with Bgdt = 0. 
• Comparison of row B with C strongly suggests that: 
‣ Bias (in row B) was the major contributing factor to the variation in letter usage  
‣ Variation in sensitivity across letters (row C) played a much smaller role, mainly at the larger letter sizes 

at the periphery .

CONCLUSION 

• The Noisy Template Model: 
‣ A without biases  
‣ B with biases 

• Biases (or sensitivity) are ordered from negative to 
positive with a mean of zero.  

• Free model parameters are: Baseline sensitivity, Bias gradient 
(Bgdt), Sensitivity gradient (Sgdt)

• Data of the psychometric functions were split 
into three groups:  
‣ The top 2 (most used) letters 
‣ The bottom 2 (least used) 
‣ The 6 letters with intermediate usage 

• Results show that observers had different individual letter biases consistent across the whole range 
of sizes.  

• Preferred letters were called more frequently and others less frequently than expected (group 
averages from 4% to 20% across letters, where the unbiased rate was 10%) 

• The over- and under-calling decreased at larger letter sizes, but was well-predicted by templates 
having fixed additive response bias: with stronger inputs (larger letters) there is less opportunity for 
bias to influence which template gives the biggest response 

MODEL

0.25 0.5 1 2 4 8
Letter size, min arc

0

0.2

0.4

0.6

0.8

1

Pr
op

or
tio

n 
co

rre
ct

Ecc = -3 deg

expo, p = 2
gp thd = 2.76'±0.24
av sens = 0.50±0.05
av Bgdt = 0.00±0.00
av Sgdt = 0.12±0.05

2 Hi use
Model
2 Lo use
Model
6 Med use
Model

0.25 0.5 1 2 4 8
Letter size, min arc

0

0.2

0.4

0.6

0.8

1

Pr
op

or
tio

n 
co

rre
ct

Ecc = 0 deg

Mean 10 Ss ±se
ML fits

expo, p = 2.5
gp thd = 1.11'±0.06
av sens = 1.12±0.05
av Bgdt = 0.00±0.00
av Sgdt = 0.05±0.04

0.25 0.5 1 2 4 8
Letter size, min arc

0

0.2

0.4

0.6

0.8

1

Pr
op

or
tio

n 
co

rre
ct

Ecc = 3 deg

expo, p = 2
gp thd = 2.66'±0.27
av sens = 0.53±0.05
av Bgdt = 0.00±0.00
av Sgdt = 0.07±0.05

0.25 0.5 1 2 4 8
Letter size, min arc

0

0.2

0.4

0.6

0.8

1

Pr
op

or
tio

n 
co

rre
ct

Ecc = -3 deg

expo, p = 2
gp thd = 2.76'±0.24
av sens = 0.50±0.05
av Bgdt = 0.35±0.07
av Sgdt = 0.00±0.00

2 Hi use
Model
2 Lo use
Model
6 Med use
Model

0.25 0.5 1 2 4 8
Letter size, min arc

0

0.2

0.4

0.6

0.8

1

Pr
op

or
tio

n 
co

rre
ct

Ecc = 0 deg

Mean 10 Ss ±se
ML fits

expo, p = 2.5
gp thd = 1.11'±0.06
av sens = 1.12±0.05
av Bgdt = 0.40±0.07
av Sgdt = 0.00±0.00

0.25 0.5 1 2 4 8
Letter size, min arc

0

0.2

0.4

0.6

0.8

1

Pr
op

or
tio

n 
co

rre
ct

Ecc = 3 deg

expo, p = 2
gp thd = 2.66'±0.27
av sens = 0.53±0.05
av Bgdt = 0.47±0.08
av Sgdt = 0.00±0.00

0.25 0.5 1 2 4 8
Letter size, min arc

0

0.2

0.4

0.6

0.8

1

Pr
op

or
tio

n 
co

rre
ct

Ecc = -3 deg

expo, p = 2
gp thd = 2.76'±0.24
av sens = 0.50±0.05
av Bgdt = 0.35±0.07
av Sgdt = 0.12±0.05

2 Hi use
Model
2 Lo use
Model
6 Med use
Model

0.25 0.5 1 2 4 8
Letter size, min arc

0

0.2

0.4

0.6

0.8

1

Pr
op

or
tio

n 
co

rre
ct

Ecc = 0 deg

Mean 10 Ss ±se
ML fits

expo, p = 2.5
gp thd = 1.11'±0.06
av sens = 1.12±0.05
av Bgdt = 0.40±0.07
av Sgdt = 0.05±0.04

0.25 0.5 1 2 4 8
Letter size, min arc

0

0.2

0.4

0.6

0.8

1

Pr
op

or
tio

n 
co

rre
ct

Ecc = 3 deg

expo, p = 2
gp thd = 2.66'±0.27
av sens = 0.53±0.05
av Bgdt = 0.47±0.08
av Sgdt = 0.07±0.05

A 

B 

C 

Bias & 
Sens fitted 

S gdt OFF 

B gdt OFF 

-5 0 5
Template responses

C

D

H

K

N

O

R

S

V

Z

Te
m

pl
at

e 
le

tte
r

Template resps for 200 trials: Unbiassed

"S"= 41%
  correct

Non-max
Max resps
Mean resp

-5 0 5
Template responses

C

D

H

K

N

O

R

S

V

Z

Te
m

pl
at

e 
le

tte
r

Template resps for 200 trials: Biassed

"S"= 56%
  correct

Non-max
Max resps
Mean resp

A B 

The role of bias in a letter acuity identification task: a noisy template model 
Hatem Barhoom1, Gunnar Schmidtmann1, Mahesh R. Joshi1, Paul H. Artes1, Mark A. Georgeson2  

1University of Plymouth, Plymouth, UK,  2Aston University, Birmingham, UK 

• Our results showed that bias has a significant effect on the performance of high used and low used letters in the letter acuity 
identification task.  

• In the future, it will be important to investigate whether the observed response biases are likely to have a meaningful effect on 
clinical measures of visual performance.

• Barhoom, H., Joshi, M. R., & Schmidtmann, G. (2021). The effect of response biases on resolution thresholds of Sloan letters in 
central and paracentral vision. Vision Research, 187, 110-119. 
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• Data of the psychometric functions were 
split into three groups:  
‣ The top 2 (most used) letters. 
‣ The bottom 2 (least used). 
‣ The 6 letters with intermediate usage. 

Data

• Response biases might exist in letter 
judgements (Candy et al., 2011; Coates 
2015; Hamm et al., 2018; Barhoom et al., 
2021). However, it is often assumed that 
observers do not exhibit strong biases for or 
against specific letters. 

• 10 naïve subjects.  
• Visual acuity measurement for Sloan letters. 
• Central and 3˚ eccentricity in upper and 

lower visual field.  
• MOCS with total 1800 trials/subject.
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• Free model parameters are 
‣ Baseline sensitivity. 
‣ Sgdt. 
‣ Bgdt.

Model Fitting

• Row A, fit of the two-factor (bias and sensitivity) model  
• Row B, the model was re-computed with Sgdt = 0. 
• Row C, the model was re-computed with Bgdt = 0. 
• Comparison of row B with C strongly suggests:

‣ Bias (in row B) was the major contributing factor to the 
variation in letter usage.  

‣ Variation in sensitivity across letters (row C) played a much 
smaller role, mainly at the larger letter sizes at the periphery .

• The NTM: 
‣ Panel A, without biases.  
‣ Panel B, with Biases. 

• Biases (or sensitivity) is ordered from negative to 
positive with a mean of zero.  
‣ Bias gradient (Bgdt).  
‣ Sensitivity gradient (Sgdt)
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• Our results showed that bias has a significant effect on the performance of high used and low used letters in the letter acuity 
identification task.  

• In the future, it will be important to investigate whether the observed response biases are likely to have a meaningful effect on 
clinical measures of visual performance.
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• Data of the psychometric functions were 
split into three groups:  
‣ The top 2 (most used) letters. 
‣ The bottom 2 (least used). 
‣ The 6 letters with intermediate usage. 

Data

• Response biases might exist in letter 
judgements (Candy et al., 2011; Coates 
2015; Hamm et al., 2018; Barhoom et al., 
2021). However, it is often assumed that 
observers do not exhibit strong biases for or 
against specific letters. 

• 10 naïve subjects.  
• Visual acuity measurement for Sloan letters. 
• Central and 3˚ eccentricity in upper and 

lower visual field.  
• MOCS with total 1800 trials/subject.
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• Free model parameters are 
‣ Baseline sensitivity. 
‣ Sgdt. 
‣ Bgdt.

Model Fitting

• Row A, fit of the two-factor (bias and sensitivity) model  
• Row B, the model was re-computed with Sgdt = 0. 
• Row C, the model was re-computed with Bgdt = 0. 
• Comparison of row B with C strongly suggests:

‣ Bias (in row B) was the major contributing factor to the 
variation in letter usage.  

‣ Variation in sensitivity across letters (row C) played a much 
smaller role, mainly at the larger letter sizes at the periphery .

• The NTM: 
‣ Panel A, without biases.  
‣ Panel B, with Biases. 

• Biases (or sensitivity) is ordered from negative to 
positive with a mean of zero.  
‣ Bias gradient (Bgdt).  
‣ Sensitivity gradient (Sgdt)
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• Our results showed that bias has a significant effect on the performance of high used and low used letters in the letter acuity 
identification task.  

• In the future, it will be important to investigate whether the observed response biases are likely to have a meaningful effect on 
clinical measures of visual performance.

• Barhoom, H., Joshi, M. R., & Schmidtmann, G. (2021). The effect of response biases on resolution thresholds of Sloan letters in 
central and paracentral vision. Vision Research, 187, 110-119. 

• Candy, T. R., Mishoulam, S. R., Nosofsky, R. M., & Dobson, V. (2011). Adult discrimination performance for pediatric acuity test 
optotypes. Investigative ophthalmology & visual science, 52(7), 4307-4313. 

• Coates, D. R. (2015). Quantifying crowded and uncrowded letter recognition. University of California, Berkeley. 
• Hamm, L. M., Yeoman, J. P., Anstice, N., & Dakin, S. C. (2018). The Auckland Optotypes: an open-access pictogram set for 

measuring recognition acuity. Journal of vision, 18(3), 13-13.

• Data of the psychometric functions were 
split into three groups:  
‣ The top 2 (most used) letters. 
‣ The bottom 2 (least used). 
‣ The 6 letters with intermediate usage. 

Data

• Response biases might exist in letter 
judgements (Candy et al., 2011; Coates 
2015; Hamm et al., 2018; Barhoom et al., 
2021). However, it is often assumed that 
observers do not exhibit strong biases for or 
against specific letters. 

• 10 naïve subjects.  
• Visual acuity measurement for Sloan letters. 
• Central and 3˚ eccentricity in upper and 

lower visual field.  
• MOCS with total 1800 trials/subject.
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• Free model parameters are 
‣ Baseline sensitivity. 
‣ Sgdt. 
‣ Bgdt.

Model Fitting

• Row A, fit of the two-factor (bias and sensitivity) model  
• Row B, the model was re-computed with Sgdt = 0. 
• Row C, the model was re-computed with Bgdt = 0. 
• Comparison of row B with C strongly suggests:

‣ Bias (in row B) was the major contributing factor to the 
variation in letter usage.  

‣ Variation in sensitivity across letters (row C) played a much 
smaller role, mainly at the larger letter sizes at the periphery .

• The NTM: 
‣ Panel A, without biases.  
‣ Panel B, with Biases. 

• Biases (or sensitivity) is ordered from negative to 
positive with a mean of zero.  
‣ Bias gradient (Bgdt).  
‣ Sensitivity gradient (Sgdt)

The Noisy Template Model “NTM”
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• The NTM: 
‣ Panel A, without biases.  
‣ Panel B, with Biases. 

• Biases (or sensitivity) is ordered from negative to 
positive with a mean of zero.  
‣ Bias gradient (Bgdt).  
‣ Sensitivity gradient (Sgdt)
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• The neural basis for such bias is not yet known, but a plausible candidate is 
the letter recognition machinery of the temporal lobe.  

• In the future, it will be important to investigate whether the observed 
response biases are likely to have a meaningful effect on clinical measures 
of visual performance.

• Barhoom, H., Joshi, M. R., & Schmidtmann, G. (2021). The effect of response biases on resolution thresholds of 
Sloan letters in central and paracentral vision. Vision Research, 187, 110-119. 

• Candy, T. R., Mishoulam, S. R., Nosofsky, R. M., & Dobson, V. (2011). Adult discrimination performance for 
pediatric acuity test optotypes. Investigative ophthalmology & visual science, 52(7), 4307-4313. 

• Coates, D. R. (2015). Quantifying crowded and uncrowded letter recognition. University of California, Berkeley. 
• Hamm, L. M., Yeoman, J. P., Anstice, N., & Dakin, S. C. (2018). The Auckland Optotypes: an open-access 

pictogram set for measuring recognition acuity. Journal of vision, 18(3), 13-13.

• Data of the psychometric functions were 
split into three groups:  
‣ The top 2 (most used) letters. 
‣ The bottom 2 (least used). 
‣ The 6 letters with intermediate usage. 

• 10 naïve observers.  
• The task is letter identification against letter 

size at central and paracentral visual field. 
• The stimuli are 10 Sloan letters.  
• Method of constant stimuli was used.  
• Each subject completed 1800 trials.

Data

• Response biases might exist in letter 
judgements (Candy et al, 2011; Coates 
2015; Hamm et al, 2018; Barhoom et al, 
2021). 

• It is often assumed that observers do not 
exhibit strong biases for or against specific 
letters.  

• This assumption has not been extensively 
tested.

The Noisy Template Model “NTM”

Stimuli 

Sloan le t ters presented 
centrally, or along the vertical 
meridian at an eccentricity of 
3˚ in the upper and lower 
visual field.
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• The free fitting parameters were: Baseline sensitivity, 
Sgdt and Bgdt.

Model Fitting

• Row A, fit of the two-factor 
(bias and sensitivity ) model  

• Row B, the model was re-
computed with Sgdt = 0. 

• Row C, the model was re-
computed with Bgdt = 0. 

Bias or Sensitivity? 

• Some letters are used 
systematically more than 
others. 

• Two factors in letter recognition:  
‣ Biases for and against 

certain letters,  
‣ More sensitivity to some 

letters than others. 

Data Overview

• Comparison of row B with C strongly suggests: 
‣ Bias (in row B) was the major contributing factor to the variation in letter usage.  
‣ Variation in sensitivity across letters (row C) played a much smaller role, mainly at the larger letter sizes at the periphery .

• A “noisy template” model 
was derived to distinguish 
biases from differences in 
visibility


