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In the models outlined below, cross-orientation suppression is assumed to act divisively on the denominator of one or
both of the gain control stages in the model.  Thresholds are determined by increasing the input test contrast until the
model response reaches a criterion value, determined by the model parameter k.

Monoptic and dichoptic cross-orientation
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3. Possible Models

2. Method Contrast
Expressed in
dB given by:
20.log10(C%).

Mask contrasts
0% - 33dB for Expt I
33dB only for Expt II

Equipment
ViSaGe Stimulus Generator
Clinton Monoray Monitor
Mirror Stereoscope

Stimuli
1cpd horizontal test grating
1cpd vertical or 3cpd oblique
mask gratings
Raised cosine spatial window

Presentation
57cm viewing distance
2AFC - detect test
200 or 50ms duration (Expt I)
500ms ISIProcedure

3-down, 1-up Staircase method
Blocked by mask contrast
Randomised blocks
Counterbalanced across eye

Observers
DHB (author), TAY & SAW
All male, aged 23-41
Normal or corrected for normal
vision. Experienced observers.

Analysis
Data merged across sessions
and thresholds extracted by
Probit analysis (Finney, 1971)

Phase
Random phase to avoid
luminance adaptation

Cross-Orientation Masking
Detection of a test grating is
impeded by the superposition of
masks distant from the test in
orientation and/or spatial frequency
(i.e. Foley, 1994).  In the context of
models of binocular contrast
processing, it is not clear where
this suppressive process occurs in
relation to binocular summation.
Here, we explore this problem
using a contrast masking paradigm.

Test - 1cpd
Horizontal

Mask - 1cpd
Vertical

Mask - 3cpd
Oblique

Parameters
          DHB  TAY   SAW

1.020.700.75RMS
0.02
0.31
75.8
0.06
0.35
0.14
0.18

0.140.06ωdV

0.260.44c

0.470.36ωmV

0.480.37ωmO
0.030.02ωdO
82.582.5τ

0.020.01k

Monoptic and Dichoptic Presentation
In monoptic presentation, test and mask are both presented to the same eye, with the other eye viewing mean
luminance.  In dichoptic presentation, the test is presented to one eye, and the mask to the other eye.

Aims• To measure monoptic and dichoptic cross-
 orientation suppression at different mask contrasts

(Expt I) and stimulus durations (Expt II)

• To determine whether suppression occurs before or
after binocular summation, or a combination of the
two

• To develop our previous model (Meese et al. 2005)
of contrast masking to account for the results

Parameters
DHBDHBSAWDHBTAYDHBSubject

0.68
0.01
0.02
0.04
200
3cpd

0.90
0.003
0.02
0.05
200
3cpd

0.62
0.21
0.04
0.07
50
1cpd 3cpd1cpd1cpdMask

50200200Duration(ms)

0.491.150.94RMS (dB)
0.01
0.17
0.02

0.020.08ωd
0.060.03ωm

0.170.02k

The Two Stage Gain Control Model (Meese
et al. 2005) was developed previously to
describe data on contrast discrimination of
1cpd gratings in several ocular conditions.
Diagram and model equations are given on
the right, where blue denotes excitatory
pathways, and orange denotes divisive
suppression.  Contrast signals pass through a
gain control stage prior to binocular
summation, and a further gain control stage
after summation.  Thus, there are two places
at which cross-orientation suppression could
occur:

i)  before binocular summation
ii) after binocular summation

The cross-
orientation masking
data here do not
sufficiently
constrain the model
parameters, so
several were fixed at
values which
provided the best fit
to previous data
(p=7.99, q=6.89,
Z=0.08, m=1.28,
S=0.98).

Version 4: Monoptic suppression pre-summation
and Dichoptic suppression pre-summation

Version 1: Binocular suppression
post-summation

Version 3: Dichoptic suppression pre-summation and
Binocular suppression post-summation

Version 2: Monoptic suppression pre-summation and
Binocular suppression post-summation

This version does not
constrain which type of mask
produces the greatest result.

Monoptic masking > dichoptic
masking because the purely
monocular stage 1 suppression
is augmented by the stage 2
binocular suppression.

Dichoptic masking > monoptic
masking because the purely
dichoptic stage 1 suppression is
augmented by the stage 2
binocular suppression.

In this version, the level of
monoptic and dichoptic
masking must be the same.

In no instance do the masking
functions superimpose.  Therefore
monoptic (red) and dichoptic (green)
masking are not equal.  Dichoptic
masking is generally stronger than
monoptic masking with the orthogonal
mask (top), but weaker with the
oblique mask (bottom). One subject
(DHB) also performed this experiment
with a 50ms stimulus duration (far
right).  For the orthogonal mask, the
order of the two functions reversed
compared to the 200ms condition. This
rules out models 1-3 proposed in
section 3, which are unable to account
for the variety of results.  Model 4 was
fit to the data, and gave RMS errors of
<1.2dB, indicating a good fit with only
three free parameters (k, ωm and ωd).

One interesting feature of the data which
none of the models predict is the region of
cross-orientation facilitation in the monoptic
condition for the 1cpd vertical mask. We are
currently exploring this issue.

Masking functions normalised to
detection thresholds are shown
here for both mask types.
Dichoptic masking increases, and
monoptic masking decreases, as
functions of stimulus duration. The
unmasked detection thresholds
(lower panel, black triangles) are
comparable to those in the
literature (e.g. Legge, 1978).

Stimulus duration affected:
i) Unmasked detection thresholds
ii) Monocular masking functions
iii) Dichoptic masking functions

• Monoptic and dichoptic cross-orientation masking are different processes

• Neither type of masking is consistently stronger than the other

• Both occur before binocular summation of signals

• Dichoptic masking increases as a function of stimulus duration

• Monoptic masking decreases with stimulus duration

• These results are in agreement with the threshold and matching data of 
Meese & Hess (2004)

• These findings are consistent with the proposal from single cell work for a
two-mechanism model. In that model dichoptic suppression is a cortical 
phenomenon, whilst monoptic suppression is pre-cortical (Li et al. 2005)

1 WEIGHT (ω) 2 WEIGHTS
(ωm & ωd)

OBSERVER 1 OBSERVERS 2&3

OBSERVER 1 OBSERVER 2 OBSERVER 3

OBSERVER 1 OBSERVER 2 OBSERVER 3

where t is the stimulus duration (in ms), and c and τ are free parameters.
The numerator of the first stage gain control was multiplied by this term to
control detection thresholds.  Conveniently, we found that applying it to
the dichoptic weight, ωd, produced good fits for the dichoptic condition.
However, the monoptic function decreased with time, so the monoptic
weight, ωm, was given a temporal component by dividing it by the square
root of the stimulus duration.

A single fit was performed for
each subject on the data from both
masks.  The model fit the data
well with five free parameters
(each weight has a value for both
the vertical and the oblique mask).

The finding that monoptic and
dichoptic masking have different
temporal properties strongly
suggests that they are due to
different suppressive mechanisms,
consistent with model version 4.

Error bars give
Standard Error
of the Probit fit

2 WEIGHTS
(ωm & ωd)

2 WEIGHTS
(ωm & ωd)

Therefore, a temporal dependency was required at three places in the
model (version 4). We first introduced a temporal sensitivity function
used by Luntinen et al. (1995) to model the unmasked thresholds:
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