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1. Introduction: Binocular Contrast Response 4. Experiment 1: Exploring the full response space

5.  Experiment 2: A smaller subset of conditions

6.  Binocular predictions & Conclusions

Experiment 1 sampled the masking space
extensively.  However, some exploratory
modelling revealed that it was possible to
constrain both models sufficiently with only a
small subset (25 thresholds) of the conditions
from Expt. 1.

Experiment 2 gathered these thresholds from
two observers.

Data points are empirical thresholds (error
bars show Standard Error of the Probit fit).

Curves show model predictions; for each
figure, this is the best fit from 100 runs of a
downhill simplex algorithm.

Each condition is equivalent to taking a slice
through the surfaces in Expt. 1 at a given
mask contrast level and sampling every 10dB.

Expt 1: Empirical Thresholds, approx. 600 trials per point
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The above surfaces show a typical model response (in d’ units) at different combinations of contrasts presented to
left and right eyes.

Monocular, Binocular and Dichoptic masking functions explore only the regions touched by the coloured curves
(left figure).  Monocular and Binocular contrast increments move along their respective curves, whereas
Dichoptic increments move orthogonal to the axis.

The present experiment explores the surface more extensively by starting at evenly distributed points on the
surface (right, red circles) and incrementing in the direction of the vector lines.

The parameters derived
from the above simplex fit
can be used to predict
performance in a binocular
task, in which mask and test
are presented to both eyes.
The figures on the left show
predictions and data for
both subjects. The models
were not fit to these data.
Both models correctly
predicted that binocular
summation is >√2 (not
shown).

We have shown that both
models provide a good
description of masking
behaviour over a
parameter space sampled
more thoroughly than in
previous research.

3. Method: The ‘Twin Mask’ Paradigm

Pedestal and Mask
contrasts

Varied independently to
give a 10 x 10 matrix (100
combinations of mask and
pedestal contrast) -10dB to
30dB in steps of 5dB
A 0% contrast condition
was also included.

Configuration and Terminology
All stimuli were spatially identical.
A grating of fixed contrast in the
same eye as the test stimulus is
referred to as a pedestal.  When in
the other eye it is called a dichoptic
mask.  The test stimulus is a
contrast increment to the pedestal.
Hence the task is contrast
discrimination: which interval had
the higher contrast?

Equipment
ViSaGe Stimulus Generator
Clinton Monoray Monitor
FE-1 Stereo Goggles

Stimuli
1cpd horizontal sine grating
Raised cosine spatial window
5 full cycles in total

Presentation
114cm viewing distance
2AFC - detect test increment
200ms duration
500ms ISI

Procedure
3-down, 1-up Staircase method
Blocked by mask & pedestal
contrasts
Randomised blocks
Counterbalanced across eye

Observers
DHB (author) - M, 23
DJH - M, 30, experienced
psychophysical observer
Both had normal vision

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

Background
Meese, Georgeson & Baker (ECVP, 2005) detected contrast increments in
the presence of spatially identical masks in three conditions: Monocular
(mask and test in same eye), Binocular (mask and test in both eyes) and
Dichoptic (mask and test to different eyes).
The behaviour of several models of binocular summation was considered for
monocular, binocular and dichoptic masking.

2. Models: Two Stage and Twin Summation

History
Maehara & Goryo (2005) proposed a model to account
for contrast discrimination results where mask is
spatially more extensive than test.  However, their
model fails when mask and test are spatially identical.
The Twin Summation Gain Control Model is a
development of their model for the stimulus used here.

Features
 No gain control stage before binocular summation
 Different exponents on parallel excitatory and
   inhibitory pathways

History
The quadratic summation model proposed by Legge
(1984) fails to predict both facilitation in the
dichoptic dipper function and >√2 binocular
summation found experimentally.  The Two Stage
Model (above) accounts for these features by
incorporating a pre-summation gain control stage in
each monocular channel.  This allows for interactions
between channels, resulting in the observed effects.
See the data figure in panel 1.

Parameters
     DHB   DJH

1.451.49m
1.241.30n
2.022.60p
1.942.60q
3.627.95z
0.200.19k

Parameters
     DHB   DJH

0.211.29z

1.441.50m
0.600.20s
8.187.50p
7.076.57q

0.160.16k

MODEL MODEL

Binocular Predictions

DATA: DHB

Two Stage
Model Fit

RMS =
2.87dB

Twin
Summation
Model Fit

RMS =
2.81dB

Thresholds were gathered at 100 different
combinations of mask and pedestal contrast
- each vertex represents a threshold.

The orthogonal axes of the surface
correspond to conventional monocular and
dichoptic dipper functions.

The intervening space has several
interesting features.  Most notably the
monocular dipper region translates to the
top right hand corner of the plot in the
presence of a dichoptic mask component.
This results in a facilitatory effect even at
very high mask contrasts.

Both models capture all of the qualitative
features in the data.

Two Stage
Model

Twin
Summation

Model

DHB DJH

Parameter Constraints
The Two-Stage model was constrained so that the
value of m lay between 1 and 1.5.  This shallow early
stage of exponentiation is part of the original
specification of the model.

Each model has six free parameters,
including a noise parameter, k.

Parameters
   2Stage Twin

1.35  -n

7.580.00z

1.501.50m

   -3.11s
2.337.30p
2.226.50q

0.190.13k

Note how the region
of facilitation slides
to the right of the
plot with an increase
in dichoptic mask
contrast.

The data show a translation of the dipper
region in the presence of a dichoptic
mask, similar to the effect found by
Foley (1994) using cross channel
binocular masks.  However, unlike
Foley’s stimuli, all components of our
stimuli excite the detecting mechanism.

The figure on the right shows
that the three masking functions
represent a restricted selection
from a more general stimulus
space.  Here we sample this
space more thoroughly than
before as a further test of the
models proposed by Meese et al.
(2005).

Model Response Surfaces

Two Stage Gain Control Model Twin Summation Gain Control Model

Features
 Gain control stages before and after binocular
   summation
 Accommodates interocular suppression before
   binocular summation

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

Phase
In Experiment 1, all
components were in sine
phase with the fixation
point.  In Experiment 2,
the phase of the whole
stimulus was randomised
across trials (0,90,180 or
270°).

Whilst there is little to distinguish
conclusively between the models,
the Twin Summation model is
computationally more concise and
provides marginally better fits with
the same number of free
parameters (6).
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Conclusions


