
Application of the Two-Variable Model to
Simulate a Multisensory Reaction-Time Task
Rebecca M. Brady and John S. Butler
School of Mathematics and Statistics, TU Dublin, Ireland

Introduction
To navigate the world in an efficient manner, the brain seamlessly integrates signals received across
multiple sensory modalities. Behavioral studies have suggested that multisensory processing is a
range of possible mechanisms from winner-take-all sensory response to some optimal combination
of sensory signals. In addition, multiple sensory cues are not always beneficial with some studies
showing maladaptive multisensory processing as in people with Parkinson’s Disease [1].
Here, we extend the reduced two-variable model developed by Wong & Wang, (2006) [2] to model
an audio-visual speeded reaction-time task. Our model consists of a system of ordinary differential
equations motivated by biological data to simulate:

1. unisensory and multisensory neurological processing and behavioral responses;
2. a participant’s trial-to-trial variability;
3. different ‘participants’ sensory processing from auditory dominance to visual dominance.

These manipulations allow the model replicates data from multisensory behavioral studies [1, 3]
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Mathematical Multisensory Model
The reduced two-variable model designed by [2] is a system of ordinary
differential equations at the recurrent synapses. In this case, the system
can be completely described by the following Equations (1-6),

dSi

dt
= − Si

τS
+ (1 − Si)γHi, (1)

where S is Audio A or Visual V , and i is Hit H or miss M labels the
selective population for hits and misses, and τS is a time constant used to
simulate different ‘participant’s’ sensory conditions,

Hi = axi − b

1 − exp[−d(axi − b)] , (2)

xH = JHHSH − JHM SM + I0 + I + Inoise,H , (3)

xM = JMM SM − JMHSH + I0 + I + Inoise,M , (4)

Ii = JA,extµ0

(
1 ± c

100

)
, (5)

τAMP A
dInoise,i

dt
= −Inoise,i + η(t)

√
τAMP Aσ2

noise, (6)

initial parameter values for the equations were taken from [2]. We model
the multisensory response as a winner-take-all process, which can be coded
as an OR response.

Results
Unisensory and Multisensory Single Trial Simulation Results

Single ‘Participant’ Simulation Results
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Discussion and References
• The results show that the two-variable equations are a good candi-

date to simulate models of multisensory integration and reproduced
the findings of [1].

• A secondary benefit of these models is the ability to systematically
test the sensitivity of the behavioural measures used in multisensory
research, such as distinguishing between winner-take-all and optimal
sensory integration dynamics [4].
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