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Abstract
In temporal context models, a gradually changing rep-
resentation of the recent past is used to bridge across
time, allowing for an account of canonical memory ef-
fects such as recency and contiguity.
We extend a predictive temporal context model
(pTCM)[1, 2], developed to describe semantic memory
to describe canonical effects in visual neurophysiology
experiments.

Above: We have previously tested the PTCM on a
toy example. Words that appear in a similar context
became similar (via the operator S, described below).
This model is similar to other forms of semantic anal-
ysis in that semantic structure is learned from an on-
going stream of information [3].

The Model
PTCM uses a series of operator, T for temporal con-
text, M for memory, p for prediction of the next stim-
uli, and S for associating contextually similar stimuli.

α modulates the input. τ is time. s and
∗
τ are time

constants.

dt(τ, s)

d
= α(τ)(−st(τ, s) + f(τ)) (1)
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−1k

k!
sk+1tk(τ, s) (2)

∗
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Mτi = M(τi−1) + wM |f(τ)〉〈T (τ)| (4)

p(τi) = ‖Mτi |T (τi)〉‖col (5)

Sτi = Sτi−1
+ wS |p(τi−1)〉〈f(τi)| (6)

Sτi = ‖Sτi‖col (7)

To associate semantically similar stimuli, tin replaces
f in equation 1.

tin(τ) = (1− φ)f + φ〈Sτ |f(τ)〉 (8)

Where φ is a constant between 0 and 1.

Model Illustration

Saccadic Time Scale [4]

• Task: Free-viewing exposure
• Time scale: Saccades, tens of milliseconds
• Result: Altered Neural representation
• Conclusion: Spatial invariant representation depends on

experience

Results [4]
Figure from Li and DiCarlo. Repeated exposures be-
gan to show reversal in selectivity for objects.

Model, (M modulated by a learning constant of .08,
Normalized P used as proxy for neural activity)

Object Selectivity

Working Memory [5]

• Task: Delay match to sample
• Task repeated over many days with same stimuli order
• Time scale: Tens of seconds
• Result: Correlation of delay duration neural activity

Results [5]
Activity during delay, Miyashita figure vs. model

Serial Position Number and Delay Duration Neural
Activity, Miyashita figure vs. model

WM Results continued
Correlogram relative to serial position, Miyashita
figure and model

Thus long term associations in memory formed during
working memory tasks are found in the experiment
and predicted by the model.

Discussion
Both of these results fit neural data found in the IT
cortex to the prediction operator, P of the temporal
context model. Together they suggest the potential of
this model to explain aspects of vision at a variety of
timescales: saccadic on the order of tens of millisec-
onds, working memory on the order of tens of seconds,
and long term memory as the same working memory
task was repeated over many days. In principle, this
model can describe even more varied timescales. This
model can address many paradigms, including seman-
tic memory, free viewing, and delay match to sample
memory tasks. Potentially, any type of task involving
stimuli with temporal contiguity could be addressed
by this model.

Future Directions
• Closer consideration of neural correlates of the

model
• Better support of 2 Dimensional learning (alpha

only supports scalar modulation)
• Operator similar to S but opposite in time
• Application of the model to more complex re-

sults and data sets
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