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Introduction

* Physical effort: actual energetic cost of traveling to attain a certain reward

* Cognitive effort: cognitive load necessary to attain a reward [2][4][5]

* Temporal discounting can be solely evaluated as one dimension while
effort/energetic discounting is multidimensional; traversing a spatial interval
involves both a temporal component and a direct/energetic component

[4][5]

* Can spatial discounting be disentangled from temporal discounting? [1][3][6]
* Using virtual reality, we removed energetic costs of physically traversing
space, thereby isolating the time component of intertemporal/interspatial

discounting

* Keypress and hold to estimate .
temporal interval to reach
desired reward
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* Average proportion of picking the farther reward with K as a function of speed, collapsed
across distance and value, for each of the speed values of Experiments 2 and 3, showing

increased propensity for picking farther rewards with faster walking speeds

Experiment 2

Near Reward

Spatial Discounting Task

Movement in the VR
environment occurred at a
constant speed (1.3 m/s)

(V) Subjective reward value

(t) Delay

(K) Discounting constant: lower values
indicate greater propensity to chose
larger reward

(A) Reward value
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*fitting done using Maximum Likelihood
estimation of single trial responses
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* Average proportion of choosing the farther reward across values for each of
the five tested durations and distances. Subjects displayed a similar level of
discounting across the two tasks

* No significant difference was observed between discounting values for
temporal and spatial discounting tasks

* Values of K from hyperbolic discounting functions for temporal and spatial
discounting tasks, also demonstrating a similar level of discounting that was
correlated between subjects

* Experiment Two: walking speeds were covaried between trials (log-spaced
(0.7-2.6 m/s), values and distances remained the same at experiment 1
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* Average proportion of trials on which participants chose the farther reward, collapsed across
distance, each set of distances is presented within the binned time interval to reach that reward

* An effect of distance is also observed, but not for very short intervals- when the speed to reach a
farther reward is very fast, and the distances are close, disparities in distance have little impact on

Dissociations Between Time and Distance in Spatial Discounting
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For Experiment Two (slower speeds) subjects stopped dissociating between reward distances
when the time to reach them was very long

* For Experiment Three (faster speeds) subjects dissociated between farther distances reachable in

close

* Experiment Three: Walking speed covaried at five levels, faster than in

Experiment 2 (1.25-6 m/s), larger reward was located at five different
distances from the participant (8.49-96m) and values varied ($0.03-55.50)
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a shorter amount of time, but did not dissociate between distances when those rewards were very

* These findings provide support for independent representations of time and space in delay
discounting, supporting a multiplexing role for both dimensions in decision making
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