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Objectives

• Participants will have a basic understanding of applied behavioral 
economics.

• Participants will be able to define choice impulsivity.
• Participants will have a basic understanding of delay and probability 

discounting.
• Participants will understand clinical implications of discounting 

research.







Learning Objectives

Be able to define choice impulsivity.

Acquire a basic understanding of delay and probability discounting.

Understand clinical implications of discounting research.



Impulsivity



Choice Impulsivity
Choice impulsivity refers to likelihood 
that a person, who is impulsive, may 
forgo a larger more beneficial reward 
because its delivery is distant in time, 
and choose a smaller reward because 
it can be acquired immediately or with 
limited delay

From the New Yorker



Choice Impulsivity









Traditional measurements of impulsivity within 
the brain injury literature



Imagine that someone would offer you a choice between $950 now, or 
$1000 in one week from now. What would you choose? 

How about $500 now or $1000 in three years from now? 



Said differently!



Delay discounting is the functional relationship between time 
and subjective value of a reward
—that is— 
As time increases the subjective value of a reward will 
decrease



Now imagine that someone would offer you a choice between $500 for 
sure, or a 95% of receiving $1000. What would you choose? 

How about $500 for sure or 50% of receiving $1000? 



Said differently!



Probability discounting is the functional relationship between 
probability of receiving a reward and subjective value of that reward
—that is— 
As odds against increase the subjective value of a reward will 
decrease



“At their heart, delay-discounting procedures 
are about finding the point at which two 

rewards, one relatively immediate and one 
delayed, have approximately the same 

value.” (Odom, 2011, p. 428)
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Slope

V = Ae-kD
Exponential Hyperbolic

V = A/(1 + kD) V = A/(1 + kD)s
Hyperboloid

Three methods



V = Ae-kD
Exponential Hyperbolic

V = A/(1 + kD) V = A/(1 + kD)s
Hyperboloid

k = higher impulsivity

1 2 3

12
3

 k = (( A/ V) − 1)/ D.







V = Ae-hO
Exponential Hyperbolic

V = A/(1 + hO) V = A/(1 + hO)s
Hyperboloid

h = higher impulsivity



Do we discount everything the same?
Amount



Do we discount everything the same?
Type of reward



The rate of discounting appears stable over time for many different 
clinical populations 
Kids who discount steeply become steep discounters later
College students (no clinical diagnosis) discount at same rate, up to a 
year later



How about TBI folks?



How about TBI folks?





How can we alter discounting?
Trans magnetic stimulation

Working memory
Reframing

Episodic future thinking 
Derived relational responding

Contingency management programs



How can we alter discounting?
Contingency management programs

Derived relational training

Episodic future thinking 
Reframing

Working memory



How can we alter discounting?

Working memory



How can we alter discounting?

Reframing



How can we alter discounting?

Episodic future thinking 



How can we alter discounting?

Derived relational responding



How can we alter discounting?

Contingency management programs
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PREFERENCE FOR PROGRESSIVE DELAYS AND
CONCURRENT PHYSICAL THERAPY EXERCISE IN

AN ADULT WITH ACQUIRED BRAIN INJURY

MARK R. DIXON AND TERRY S. FALCOMATA

SOUTHERN ILLINOIS UNIVERSITY

The purpose of this study was to increase self-control and engagement in a physical
therapy task (head holding) for a man with acquired traumatic brain injury. Once im-
pulsivity was observed (i.e., repeated impulsive choices), an experimental condition was
introduced that consisted of choices between a small immediate reinforcer, a large fixed-
delay reinforcer, and a large progressive-delay reinforcer. The participant showed a pref-
erence for the progressive-delay option, even when the duration of the delay exceeded
that of the fixed delay. The results have implications for establishing optimal choice
making and teaching life-enhancing skills.

DESCRIPTORS: brain injury, impulsivity, physical therapy, self-control

One key component in a comprehensive
rehabilitation program for persons with
brain injury is physical therapy. Unfortu-
nately, many persons who need physical
therapy refuse to participate in it, and as a
result, do not reach optimal levels of inde-
pendence postinjury. Not participating in
physical therapy may be conceptualized as
an impulsive choice whereby the person se-
lects the small immediate reinforcer of es-
cape from a demanding task over the larger
delayed reinforcer of greater independence.
Vollmer, Borrero, Lalli, and Daniels (1999)
have crafted a similar model conceptualizing
the choice between engaging in problem be-
havior or actively participating in meaning-
ful tasks. Thus, treatment strategies are

This project was completed in partial fulfillment of
the master’s degree in behavior analysis by the second
author under the direction of the first author. We
thank the other members of the thesis committee, An-
thony J. Cuvo and Paula K. Davis. We also extend
our appreciation to the Center for Comprehensive
Services in Carbondale, Illinois, for allowing us to
conduct this research project. Specifically, John Guer-
cio’s and Debbie McMorrow’s assistance was invalu-
able. Terry Falcomata is now affiliated with the Uni-
versity of Iowa.

Address correspondence to Mark R. Dixon, Behavior
Analysis and Therapy Program, Southern Illinois Uni-
versity, Carbondale, Illinois 62901 (e-mail: mdixon@
siu.edu).

needed to increase cooperative participation
in important, but difficult, tasks (e.g., phys-
ical therapy).

To date, much of the self-control research
incorporating a fading-to-delay procedure
has compared obtained performances after
training to a preexisting baseline of impul-
sive choices (Dixon & Cummings, 2001;
Dixon & Holcomb, 2000). That is, during
baseline and following the self-control train-
ing procedure, the participants were given a
choice between a small immediate reinforcer
and a larger delayed reinforcer that was avail-
able after the participant completed a task
for a fixed duration of time. However, dur-
ing the self-control training procedure, the
smaller reinforcer was available as in base-
line, but the larger reinforcer was made
available after a progressively increasing de-
lay (starting at 0 s and gradually increasing
to the delay associated with the larger rein-
forcer during baseline). In effect, these stud-
ies might be conceptualized as pretest–post-
test designs. No study has assessed the rela-
tive changes in preference that may occur
from the experience with a progressively de-
layed alternative on a concurrently available
baseline choice between a smaller immediate
reinforcer and a large fixed-delay reinforcer.
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SELF-CONTROL AND THE PREFERENCE FOR
DELAYED REINFORCEMENT: AN EXAMPLE IN

BRAIN INJURY

MARK R. DIXON AND MOLLIE J. HORNER

SOUTHERN ILLINOIS UNIVERSITY

AND

JOHN GUERCIO

CENTER FOR COMPREHENSIVE SERVICES

We investigated the effects of a concurrent physical therapy activity (keeping the hand
open) during delays to reinforcement in an adult man with acquired brain injuries. Once
a relatively stable level of hand-open behavior was obtained, the participant was asked to
choose between a small immediate reinforcer and a larger delayed reinforcer contingent
on keeping the hand open at greater-than-baseline duration. Afterwards, the participant
was asked to select between a larger delayed reinforcer with no hand-open requirement
and the identical larger delayed reinforcer with a progressively increasing hand-open re-
quirement. Results suggest a shift in preference to larger delayed reinforcers and an even-
tual preference for the hand-open requirement option.

DESCRIPTORS: self-control, impulsivity, physical therapy, delayed reinforcement

Self-control occurs when a participant se-
lects a larger delayed reinforcer over a con-
currently available smaller immediate rein-
forcer. Persons with acquired brain injury are
sometimes resistant to physical therapy, per-
haps choosing the immediate reinforcement
of escape from the aversiveness of the ther-
apy over the delayed reinforcement of even-
tually returning to a higher level of func-
tioning.

One step is to increase the choice to en-
gage in the therapy. Strategies that can be
used to promote more optimal choice mak-

This project was completed in partial fulfillment of
the MS degree in Behavior Analysis and Therapy at
Southern Illinois University by the second author un-
der direction of the first. We thank the other members
of that thesis committee, Anthony J. Cuvo and Ruth
Anne Rehfeldt, for their shaping of this final product.
Thanks are also extended to Debbie Braunling-
McMorrow and Anita Daneshdoost of the Center for
Comprehensive Services of Carbondale, Illinois, for
their support for this project.

Address all correspondence to Mark R. Dixon, Be-
havior Analysis and Therapy Program, Rehabilitation
Institute, Southern Illinois University, Carbondale, Il-
linois 62901 (e-mail: mdixon@siu.edu).

ing include the fading of delay duration
(Dixon & Cummings, 2001) or the intro-
duction of a concurrent activity to be emit-
ted during the delay (Dixon, Rehfeldt, &
Randich, 2003). Another way to alter pref-
erence has been via the implementation of a
signal or discriminative stimulus associated
with one delayed alternative (Vollmer, Bor-
rero, Lalli, & Daniel, 1999). Such stimuli
may enhance preference for this option over
a more immediate (and less optimal) alter-
native by serving a conditioned reinforcing
function (Stromer, McComas, & Rehfeldt,
2000). Although Vollmer et al. demonstrat-
ed that a signaling stimulus such as a card
or object can alter choice preference, it is
unknown whether an actual low-probability
behavior emitted by the participant could
function similarly. Therefore, the purpose of
the present study was to shift reinforcer pref-
erences to those of more delayed options and
assess the relative value of a concurrent phys-
ical therapy activity during the delays to re-
inforcement in a participant with acquired
brain injuries.



“If delay discounting moderates treatment effectiveness, it follows 
that information about an individual’ s propensity to discount 
delayed rewards may be quite useful when it comes to choosing 
intervention components.” 



Future implications and utility for TBI:
Effort research

Altruism
Neuroeconomics



Future implications and utility for TBI:
Mindfulness 

Acceptance and Commitment Therapy
Progressive delay

Brain plasticity research
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Send questions to
karl.gunnarsson@neurorestorative.com

Thanks!


