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1. Introduction and Theory

Marginal Value Theorem1 
and extension2:

Does the history of apple trees change how fast you move to the next tree?

When you’re picking apples in an orchard,

- How long should you spend at one tree?

- How fast should you move to the next tree?
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H1: After a history of (a)low reward or (b)high effort, movement vigor decreases 
for equivalent immediate outcomes. 
H2: After a history of (a)low reward or (b)high effort, harvest duration increases  
for equivalent immediate outcomes.

HYPOTHESES:

Optimal harvest duration 
and movement duration, or 
vigor,  are dependent on 
environment capture rate. 

Durations of actions such as movement vigor is modulated by our internal state 
as determined by the history of reward and effort experienced. 
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2.  Emulating patch-foraging in a reaching protocol
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Experiment 2: Changing history of effort
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Subjects (n=14) performed a foraging experiment in two envi-
ronments with changing reward amounts. 

Subjects (n=18) performed a foraging experiment in two environments 
with changing effort (added mass values)

Once inside patch, subjects applied grip force pulses to collect ber-
ries.  They choose when to move on to the next patch.
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Subjects harvested berries by increasing force and holding at 30 N. They 
choose when to reduce force and move on to the next patch. 

Cursor appearance reflected added mass.
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3. Movement vigor is modulated by reward and effort history (H1)
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Experiment 1: Peak Velocity in probe trials increased after a history of low reward (p <0.001).
Probe trial velocity 

(single subject)

Experiment 2: Peak Velocity in probe trials increased after a history of high effort (p <0.001).
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4.  Harvest duration is modulated by reward and effort history (H2)
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Experiment 1:
Harvest duration 
and berry count 
increases after 
history of low 
reward.

Experiment 2:
Subjects began 
harvesting faster 
and giving up on a 
patch sooner after 
a history of low 
effort.
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5. Conclusions

1. Movement vigor increases after a history of high reward or low 
effort for equivalent immediate outcomes.

2. Harvest duration increases after history of low reward and 
harvest behavior are modulated by history of effort.  

H1

H2

1. Charnov, E. L. (1976) in Theoretical Population Biology, 9,129-136.

Movement vigor and deci-
sion-making are modulated by 
internal state as determined 
by the history of reward and 
effort. 
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