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Working memory performance increases with additional time to 
study the list items

The “free-time benefit”
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Why?
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Decay and refreshing assumptions

1.Working memory representations decay constantly
2.Decay can be counteracted by focusing attention back to an item or 

rehearsing it if there is some free-time available

=> Additional free-time means more opportunities to counteract decay, 
causing a free-time benefit

Based on an intuitive reasoning

Baddeley and Hitch (1974)
Cowan (1995)
Baddeley and Logie (1999)
Barrouillet et al. (2004)



Hypothesis:

If decay and refreshing models explain the free time benefit, we should be 
able to simulate it by implementing these mechanisms.



Forward recall Backward recall

1 2 3 4 5 6 1 2 3 4 5 6

0.00

0.25

0.50

0.75

1.00

Input position

p
(c

o
rr

e
c
t)

0.5

1

2

4

TBRS* (Oberauer & Lewandowsky, 2011, PB&R)



Modeling decay and refreshing



Completely not available

Modeling decay and refreshing



Completely not available

Completely available

Modeling decay and refreshing



Modeling decay and refreshing

Completely not available

Completely available



Completely not available

Completely available

Encoding rate = 6

Modeling decay and refreshing



Completely not available

Completely available

Encoding rate = 6
Decay = 0.5

Modeling decay and refreshing



Completely not available

Completely available

Encoding rate = 6
Decay = 0.5

Modeling decay and refreshing



Completely not available

Completely available

Encoding rate = 6
Decay = 0.5

Modeling decay and refreshing



Completely not available

Completely available

Encoding rate = 6
Decay = 0.5

Modeling decay and refreshing



1s/item 2s/item

Modeling the free-time benefit

Encoding rate = 6
Decay = 0.5



1s/item 2s/itemEncoding rate = 6
Decay = 0.5

Modeling the free-time benefit



1s/item 2s/item

0.69 0.68

Encoding rate = 6
Decay = 0.5

Modeling the free-time benefit



1s/item 2s/item

Stronger decay-based forgetting

Encoding rate = 6
Decay = 0.9



1s/item 2s/itemEncoding rate = 6
Decay = 0.9

Stronger decay-based forgetting



1s/item 2s/item

0.51 0.52

Encoding rate = 6
Decay = 0.9

Stronger decay-based forgetting



1s/item 2s/item

Weaker encoding/refreshing

Encoding rate = 2
Decay = 0.5



1s/item 2s/itemEncoding rate = 2
Decay = 0.5

Weaker encoding/refreshing



1s/item 2s/item

0.40 0.41

Encoding rate = 2
Decay = 0.5

Weaker encoding/refreshing



1s/item 2s/item

Stronger encoding/refreshing

Encoding rate = 9
Decay = 0.5



1s/item 2s/itemEncoding rate = 9
Decay = 0.5

Stronger encoding/refreshing



1s/item 2s/item

0.75 0.75

Encoding rate = 9
Decay = 0.5

Stronger encoding/refreshing





For a given set size, the model converges towards a constant value



For a given set size, the model converges towards a constant value
Adding more items distributes the refreshing resources, which decreases this value



For a given set size, the model converges towards a constant value
Adding more items distributes the refreshing resources, which decreases this value

Additional time doesn’t change this value, which acts as an attractor



In its simplest form, this decay and refreshing architecture 
doesn’t produce a free-time benefit.



In its simplest form, this decay and refreshing architecture 
doesn’t produce a free-time benefit.

In practice, refreshing an item requires retrieving it.
Retrieval is a noisy and error-prone process.



In its simplest form, this decay and refreshing architecture 
doesn’t produce a free-time benefit.

In practice, refreshing an item requires retrieving it.
Retrieval is a noisy and error-prone process.

More free-time = more retrieval attempts = more errors
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Limitation:
By increasing the precision of our theory, we also made it more specific.

There could be other implementations predicting a free-time benefit.

We could complexify the model:
Enrichment mechanism (Ricker & Vergauwe, 2022, Memory & Cognition)



Are there alternatives?
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We improved the predictions by removing one assumption
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