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Impulsivity criticaly relates to many psychiatric disorders. Given the multifaceted construct that impulsivity
represents, defining core aspects of impulsivity is vita for the assessment and understanding of clinica
conditions. Choice impulsivity (Cl), involving the preferential selection of smaller sooner rewards over larger
later rewards, represents one important type of impulsivity. The International Society for Research on
Impulsivity (InSRI) convened to discuss the definition and assessment of Cl and provide recommendations
regarding measurement across species. Commonly used preclinica and clinical Cl behaviora tasks are
described, and considerations for each task are provided to guide Cl task selection. Differences in assessment
of Cl (sef-report, behaviora) and calculating Cl indices (e.g., area-under-the-curve, indifference point, and
steepness of discounting curve) are discussed along with properties of specific behaviord tasks used in
preclinical and clinical settings. The InSRI group recommends inclusion of measures of Cl in human studies
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examining impulsivity. Animal studies examining impulsivity should also include assessments of Cl and these
measures should be harmonized in accordance with human studies of the disorders being modeled in the
preclinical investigations. The choice of specific CI measures to be included should be based on the goals of
the study and existing preclinical and clinical literature using established Cl measures.

Keywords: delay discounting, delay of gratification, impulsivity, self-control, personality

Among its many definitions, impulsivity has been described as
a “predisposition toward rapid, unplanned reactions to internal or
external stimuli with diminished regard to the negative conse-
quences of these reactions to the impulsive individual or to others’
(Evenden, 1999; Moeller et a., 2001; Potenza & de Wit, 2010).

Impulsivity has been related to multiple psychiatric conditions
including bipolar, substance-use, and many different personality
disorders (Chamorro et al., 2012; Moeller et a., 2001). Given that
measures of impulsivity have been linked to clinically relevant
constructs like treatment outcomes (Blanco et al., 2009; Krishnan-
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Sarin et a., 2007; MacKillop & Kahler, 2009; Stanger et al.,
2012), precise and consistent assessments of impulsivity may help
improve clinical care provided to multiple psychiatric populations.

There has been considerabl e discussion and some debate regard-
ing impulsivity’s precise boundaries and components (Gullo et al .,
2014). For example, a recent review of impulsivity and its asso-
ciated neurobiological correlates described facets relating to re-
sponse, choice, reflection, and decision-making (Fineberg et al.,
2014), and some researchers have advocated for a parsimonious
approach to considering the main factors or domains contributing
to impulsivity (Gullo et a., 2014). Based on the definition of
impulsivity above, lack of planning and lack of regard for future
consequences are both important features of impulsivity, as is
rapid responding to external and internal stimuli. Consistent with
the multiple dimensions of impulsivity based on the definition,
prior studies have shown that impulsivity is a multifaceted con-
struct of which two or more components have typicaly been
identified in factor analyses of both self-report and behavioral
measures (Broos et al., 2012; Meda et al., 2009; Reynolds et al.,
2008; Verdejo-Garciaet al., 2008). One component of impulsivity,
rapid response impulsivity (discussed in the accompanying man-
uscript), may be further fractionated into impulsive actions relating
to refraining from initiating an action versus stopping an action
that has been initiated (see Fineberg et al., 2014 and accompanying
manuscript). A second component, choice impulsivity (Cl), refers
to making impulsive decisions and involves tendencies to select
smaller-sooner rewards over larger-later rewards (e.g., the choos-
ing of immediate but smaller vs. delayed and larger rewards) and
may relate to difficulties in delaying gratification or exerting
self-control (Fineberg et a., 2010). In a metaanaysis of
impulsivity-related measures, there was moderate convergence
between Cl and trait impulsivity (as assessed by self-report and
informant-report questionnaires, Duckworth & Kern, 2011).

Cl includes two aspects from the definition of impulsivity, lack
of planning, and lack of regard for future consequences
(Blakemore & Robbins, 2012; Grant & Chamberlain, 2014; Ham-
ilton & Potenza, 2012; Peters & Buchel, 2011). Additional terms
that have been used to describe this component are delay discount-
ing and temporal discounting, among others (Fineberg et al., 2014;
Fineberg et a., 2010). Further evidence supporting Cl as a dimen-
sion of impulsivity is provided by studies showing that groups with
elevated impulsivity on a clinical level also have higher Cl, and
these groups include individuals with borderline personality dis-
order, bipolar disorder, and addictions (Ahn et a., 2011; Lawrence
et a., 2010). Cl aso has been suggested to be a trans-diagnostic
process underlying addictions, gambling, obesity, poor headth
practices, and financial mismanagement underscoring the impor-
tance of delay-discounting research to public health (Bickel et al.,
2012b; Hamilton & Potenza, 2012). The need for studying trans-
diagnostic processes recently has received increased emphasis
(e.g., by the RDoC initiative of the National Institute of Mental
Health; Insel et al., 2010).

The extent to which other processes relating to information
gathering (as assessed by information-sampling tasks, DeVito et
al., 2009) and risk/reward decision-making more generally (as
assessed by such tasks as the lowa Gambling Task; Bechara et al.,
1994) are encompassed by CI or distinct from Cl has been debated
and isan area of active research (Broos et ., 2012; Fineberg et al .,
2014; Verdejo-Garciaet a., 2008). In this article, we will consider
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Cl as the preferential selection of smaller-sooner rewards over
larger-later rewards, and use the term ClI to refer to such a process,
typically assessed behavioraly through the use of intertemporal
choice tasks (ITCTs).

As the term impulsivity has been used in multiple and varied
fashion, the goal of the current manuscript is to review and make
recommendations regarding the assessment of Cl. The manuscript
follows the 2013 meeting of the International Society for Research
on Impulsivity (InSRI), which was devoted to the discussion of
this topic, and a working group that resulted to review and syn-
thesize information for inclusion in this manuscript. The manu-
script reviews nonhuman (particularly rodent) and human research
assessments of Cl and the use of the latter in clinical populations.
The manuscript concludes with recommendations based on exist-
ing findings.

Cl Relates Prospectively to Harmful Behaviors

Studying Cl is critical because it relates prospectively to detri-
mental behaviors (Audrain-McGovern et a., 2009; Chabris et al.,
2008; Fernie et a., 2013; Kishinevsky et al., 2012; Yoon et a.,
2007) and is reliably elevated in multiple, relevant patient popu-
lations (Caceda et al., 2014; Rogers et al., 2010). Additionaly, the
trandational aspect of the Cl construct facilitates its measurement
in animals and humans.

Cl is associated with avariety of problematic behaviors, includ-
ing gambling (Leeman & Potenza, 2012; Madden et al., 2011),
binge eating (Davis et a., 2010), suicide (Dombrovski et al.,
2011), violence (Cherek & Lane, 1999; Cherek et al., 1997),
substance use (Kollins, 2003), and risky sexual behaviors (Johnson
& Bruner, 2012). CI studies have revealed higher levels of delay
discounting in abusers of many drugs, including alcohol (Lejuez et
al., 2010; Petry, 2001), tobacco (Reynolds et a., 2007; Reynolds et
al., 2004; Sweitzer et a., 2008), cocaine (Bornovalovaet al., 2005;
Heil et al., 2006; Kirby & Petry, 2004; Petry, 2003), and heroin
(Kirby & Petry, 2004; Petry, 2003), than by nonabusing control
subjects. Cl is associated with overall substance-use patterns (e.g.,
Lejuez et a., 2010) and substance use on a momentary basis. For
example, within a single drinking session, baseline levels of Cl
relate prospectively to blood alcohol level in socia drinkers when
they consume alcohol (Moore & Cusens, 2010). Not only does
substance use occur more often in individuals with high levels of
Cl, substance useitself may increase Cl (Bickel et al., 1999; Petry,
2001; Sweitzer et a., 2008).

Cl aso impacts sexua decision-making. Impulsive choices
about hypothetical sexual outcomes and erotic stimuli on delay
discounting tasks (Lawyer, 2008; Lawyer et al., 2010) conform to
the hyperbolic-like function that describes the discounting of non-
sexual delayed consequences (Myerson & Green, 1995; Rachlin et
al., 1991). The contribution of CI to risky sexual behavior was
further evident in a hypothetical Sexual Discounting Task (John-
son & Bruner, 2012) in which there was an effect of participants
choosing to engage in immediate unprotected sex rather than use a
condom when obtaining a condom involved a delay. Further, the
effect of Cl to decrease condom use is this effect was correlated
with self-reported real-life risky sexual behaviors, underscoring
the importance of CI to public health (Johnson & Bruner, 2012).

The important role of Cl in health-risk behaviors is evidenced
by longitudina research in which Cl levels were prospectively
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related to subsequent health risk behaviors, including smoking
acquisition and acohol involvement in adolescents (Audrain-
McGovern et a., 2009; Chabris et a., 2008; Fernie et al., 2013;
Kishinevsky et a., 2012; Yoon et a., 2007). Not only does Cl
prospectively relate to the acquisition of health risk behaviors, it
also prospectively relates to substance abuse treatment outcomes
in adolescents and adults (MacKillop & Kahler, 2009; Sheffer et
al., 2013; Stanger et a., 2012). The predictive relationship between
Cl and substance use outcomes observed in clinical research also
is evident in preclinical research. For example, in a rodent model
of nicotine addiction, ClI prospectively related to nicotine seeking
during abstinence and an enhanced vulnerability to relapse when
exposed to nicotine cues (Diergaarde et al., 2008). Similarly, in a
rodent model of cocaine addiction, Cl related prospectively to
extinction and propensity to relapse in the context of cocaine cues
(Broos et a., 2012). Clinical and preclinical research evidencing
the predictive validity of Cl in health risk behaviors speaks to the
importance of including measures of CI in research.

Assessing ClI

ITCTs involve choices between smaller-sooner rewards and
larger-later rewards. A series of choices are presented to determine
the extent to which individual preferences for smaller-sooner ver-
sus larger—Iater rewards exist. Greater discounting of the large
reward (e.g., steeper discounting) is indicative of more impulsive
behavior, although differences in temporal judgment and reward
sensitivity also may contribute to such propensities. Similarly, as
delayed rewards carry variable degrees of uncertainty in rea life,
some ITCTs incorporate a probabilistic element. Thus, while sen-
sitivities to delay and uncertainty may influence decisions to select
options of differing reward magnitudes and individuals may show
varying degrees of probabilistic discounting, the current manu-
script will focus predominantly on assessing delay discounting.

Several measures of impulsive choice may be derived from
ITCTsincluding an indifference point between the two options, the
area under the curve (AUC), and percent choice of the large (or
small) reward. Indifference points refer to the change in preference
from later to sooner or sooner to later, and can occur at any
percentage where preferences change.

The indifference points for a series of delays and rewards can be
used to produce a discount curve, which typically describes the
rate at which the value of a reward decreases as a function of
increased time to reward receipt (Mazur, 1987; Mendez et al.,
2010; Odum, 2011; Richards et a., 1997). Moreover, this method
permits investigations of subjective “easy” versus “hard” choices
by those trials that deviate more from an individua’s indifference
point (Amlung et al., 2014; Hoffman et al., 2008; Monterosso et
al., 2007). Indifference points for a series of reward or delay-time
choice options can be used to create a discount curve to reflect the
rate at which the value of a reward decreases as a function of
increased time to reward receipt.

Characterizing patterns of delay discounting is useful for help-
ing investigators to more fully understand Cl and make better
predictions regarding Cl-related behavioral outcomes. In a hyper-
bolic discounting function, the value of a reward declines rapidly
for small delay periods but more slowly for longer delay periods.
By contrast, in exponential discounting the reward value is dis-
counted by a factor that increases with the length of delay. Hy-
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perbolic discounting is the most commonly used mathematical
model, and research suggests that discounting follows hyperbolic,
rather than exponential, trajectories (Mazur & Biondi, 2009; Ra-
chlin et a., 1991).

The hyperbolic discounting function can be summarized by the
equation V = A/(1+kD), in which V, the value of the delayed
reinforcer (present value of the reward or indifference point), is
equal to the amount of the reinforcer (A), divided by the delay to
the reward (kD). In this equation, k is a free parameter that
describes the steepness of the discount function (i.e., the scaling
factor that manipulates kD and describes the degree to which value
is affected by the delay; Dallery & Locey, 2005; Mazur, 1987;
Odum, 2011; Richards et a., 1997). A higher k reflects greater Cl.
The benefit of using a k value as the index measure of delay
discounting is that it is relatively stable and has test—retest reli-
ability. For example, Kirby and colleagues found that with re-
peated testing using similar test situations, individuals had similar
discounting rates (i.e., k values) up to 1 year later (i.e., test—retest
reliability = .71) on a questionnaire measure of discounting
(Kirby, 2009). A potential downfall of fitting a curve using this
mathematical model is that while the overal fit may be good, it
may overestimate indifference points when delays are short and
underestimate points when delays are longer.

By contrast, the AUC method may more directly represent
patterns of indifference points. To calculate the AUC, the delay
and associated subjective value (or response on the large reinforcer
lever in anima ITCTs) are expressed as a proportion of their
respective maximum values. The normalized values are used as x-
and y-coordinates, respectively, and the AUC is caculated by
summing the results of (X, — X,)[(Y; + Y.)/2], where x, and x, are
successive delays and y, and y, are the subjective values associ-
ated with those delays. AUC values range between 0.0 (steepest
possible discounting) and 1.0 (no discounting); larger AUCs rep-
resent less discounting or lower CI (Myerson et a., 2001; Odum,
2011). As with indifference points and percent choice, AUCs are
not dependent upon theoretical assumptions regarding the form of
the discounting functions (Myerson et a., 2001; Odum, 2011).
However, this feature also constitutes a disadvantage as the data
represent the subjective value expressed as a proportion of the
nomina value and AUCs from different experiments may not be
appropriately compared without adjusting for differencesin range.
A second disadvantage is that the AUCs of two discounting
functions may be the same even though the two functions have
different shapes (Myerson et al., 2001). However, neither AUCs
nor k values represent a direct measure of behavior. A third
disadvantage is that in a small proportion of cases indifference
points for individual subjects cannot be fitted to the hyperbolic
equation because of irregular choice patterns.

In preclinical research, another measure of discounting is per-
cent choice, which typically refers to the percent choice of the
large, delayed reinforcer at different delays as the dependent
measure. A benefit of this measure is that it directly indexes the
observed behavior. This method may be used when the responses
to multiple delays are assessed within a single session (“within-
session shifts” design) or in multiple sessions (“between-session
shifts” design; Evenden & Ryan, 1996; Mitchell & Wilson, 2012;
Winstanley et a., 2003). Some benefits of percent choice include
ease of calculation and relative insensitivity to the number of
responses or omitted trials. However, it is of note that the number
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of omissions can vary depending on the method used to analyze
percent choice (e.g., percent selections out of either total trials or
total responses), which may require researchers to set a criterion
for an acceptable number of omissions. A caveat of percent choice,
however, is that it complicates collapsing choice behavior over
different delaysinto asingle value as it confounds discounting rate
at specific delays with overal responding. For example, five
different delay contingencies are often used in within-session
designs. As with AUC, choice behavior between individual ani-
mals may result in very different curves but yield the same “over-
all” or collapsed value for percent choice. Asaresult, most studies
of this kind do not yield a single “percent choice” value by which
subjects can be compared, but rather represent data as a series of
points, with percent choice at different delays representing impor-
tant comparators. However, thisis not as ideal as asingle value by
which individuals may be classified.

In summary, there are severa different measures of impulsive
choice that can be obtained from ITCTs. Each of the different
measures (k, AUC, percent choice, etc.) has advantages and dis-
advantages. To our knowledge, the predictive validity of the dif-
ferent measures of Cl has not been compared empirically, which
represents an important direction for future research. In addition,
the reporting of multiple measures of Cl could facilitate compar-
isons across studies.

The Neurocircuitry of ClI

Cl can be conceptudized as the manifestation of an imbaance
between neurobiological systems subserving control and motivation.
In Cl, choicesfor asmall but immediate outcome are associated with
activation in reward-related areas including the ventral striatum (VS)
and media prefrontal cortex (mPFC), whereas choices for a larger
delayed outcome have been associated with activation in cortical
aressincluding the dorsolateral (dl) and ventrolateral prefrontal cortex
(VIPFC; McClure, Laibson, Loewenstein, & Cohen, 2004). Alternate
conceptualizations exist in which a distinct segregation is less clear
(Kable & Glimcher, 2007).

Experiments involving the manipulation of PFC activation pro-
vide evidence supporting regional contributions. Temporarily in-
creasing PFC activation directly resulted in reduced CI during the
manipulation (Sheffer et a., 2013), while temporarily decreasing
PFC activation resulted in increased Cl (Figner et al., 2010). PFC
hypoactivation underlying delay discounting also prospectively
relates to future health risk behaviors that are associated with ClI.
In obese women, lower prefrontal and parietal activation during a
delay discounting task was associated with future weight gain
(Kishinevsky et a., 2012). Consonant with these findings, PFC
activation prospectively related to successful weight loss in obese
subjects (Weygandt et a., 2013).

Connectivity of the hippocampus (HC) with the medial rostra
prefrontal cortex (mrPFC) and anterior cingulate cortex (ACC) ap-
pears important in reducing delay discounting (Benoit et d., 2011).
Imagining future rewards attenuated delay discounting, and this effect
was related to connections of the HC to the mrPFC (Benoit et 4.,
2011) and ACC (Peters & Buchel, 2011). The HC has been impli-
cated in scene construction (Hassabis & Maguire, 2007), and the
effect of imagining future rewards to attenuate Cl may be based on an
interaction between regions supporting the construction of events(i.e,
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HC) and the representation of the event’s reward magnitude (i.e.,
mrPFC; Benait et d., 2011).

Animal Models of ClI

Although there are several studies examining nonhuman pri-
mates (Woolverton et a., 2007), the majority of studies examining
Cl userodents performing ITCTsthat are similar in design to those
used in humans. In these tasks, rodents are placed in operant
chambers (although T-mazes can aso be used; Mariano et a.,
2009; Papale et al., 2012) and are presented with choice opportu-
nities between smaller-sooner or larger-later rewards (or more
precisely reinforcers, although we will use reward throughout to
maintain consistency with the human literature discussed else-
where in the manuscript; the reward in these studiesis usually food
or water, athough intracranial self-stimulation can also be used;
Rokosik & Napier, 2011). An animal’s Cl is indexed by the time
delay to receipt of reward at which the animal prefers the smaller-
sooner reward. Rodent measures of delay discounting have dem-
onstrated a high-level of test—retest reliability, with individual
equivalence point scores remaining highly consistent over time
when tested for the first time in early adolescence (postnatal Day
28—-42) and then retested in adulthood (postnatal Day 58-64;
McClure et a., 2014).

Several systematic manipulations or variations can be imple-
mented in animal ITCTs. ITCTsin animas may be conducted with
either within-session or between-session shifts in delays. In a
within-session design, each delay condition is presented to the
animal in each test session, generally in blocks of trials using the
same delays (e.g., Block 1 may contain a 0-s delay to the large
reward, Block 2 a 10-s delay, Block 3 a 20-s delay, etc.; Evenden
& Ryan, 1996; Mitchell & Wilson, 2012; Winstanley et al., 2003).
Each of these blocks usually begins with severa forced choice
trials in which only one lever is extended at atime, “forcing” the
animal to experience the contingencies of each lever (i.e., which
lever is designated the smaller-sooner reward and which is desig-
nated the larger-later reward). Following these “forced choice”
trialsare “free choice’ trials on which both levers are extended and
the animal can choose which lever they prefer.

In a between-session design, the delay associated with the
larger-later reward does not shift within a test session, as previ-
ously described, but rather over the course of days. In this protocol,
asingle delay to the larger-later reward (e.g., 10 ) is presented for
the entire test session for one or several sessions before the delay
is changed (Adriani & Laviola, 2003). To create a discounting
function a series of delays are examined over the course of severa
sessions. There are several methods used in the context of
between-sessions designs: infrequently percent choice of the larger
delayed reward is examined (Poulos et al., 1995), but more fre-
quently one alternative is adjusted during the session to obtain an
indifference point in a manner analogous to that used in severa
tasks used with humans. Basically, with this procedure, the ani-
mal’s choices during the session determine whether in subsequent
trials the magnitude of the smaller-sooner reward will be adjusted
(adjusting amount procedures), or the delay to which the larger-
later reward is received will be adjusted (adjusting delay proce-
dure). For example, if the animal favors the larger-later reward,
either the size of the smaller-sooner reward (adjusting amount
procedure) or the delay to the larger-later reward (adjusting delay
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procedure) is increased. The measure of interest is the adjusting
amount or delay at which animals are indifferent between the two
choice alternatives.

Regardless of procedure, most studies include a condition or
block for which there is a 0-s delay to the larger reward. The O-s
delay trial has several benefits. It can be used to assess potential
alterations in reward-magnitude sensitivity driving changes in the
delay discounting function (da Costa Araujo et a., 2010). In
addition, delay orders can be varied either between blocks (within-
sessions) or between sessions to provide assurance that the animals
have learned the task and that the responding profile does not
reflect a side bias or perseveration (Tanno et al., 2014). Addition-
ally, the 0-s delay may illuminate long-term carryover effects of
repeated training in the task, such as a conditioned place aversion
to the delayed response lever (Wilhelm & Mitchell, 2010). Such a
delay condition may be particularly helpful when training mice.
Whether a rodent has developed an aversion to the delayed side
(i.e., the area around the delayed nose-poke aperture) can be tested
by measuring the amount of time the rat spends in this area of the
box. Murine versions of ITCTs are generally compressed in that
they require smaller rewards, fewer trials, and shorter delays than
do those used in rats (details of procedures for measurement of
delay discounting in mice are discussed in Mitchell, 2014). Typ-
icaly training mice is more onerous (with more intermediate
steps), although whether this is because of issues associated with
maintaining motivation or attention, the development of biases, or
insensitivities to contingencies is unclear (Mitchell, 2014, 2006).
Reward magnitudes (e.g., one pellet each) or delays (e.g., 0-s
delay) may be equated between two choices, or the order in which
the delays are presented may be reversed, to determine whether
mice can switch between the two reward magnitudes and if they
understand the delay contingencies.

One possible advantage of the within-session design over the
between sessions procedures is that it permits the effects of phar-
macological agents on choice behavior with different delay lengths
to be assessed more rapidly, as performance under arange of delay
durations may be assessed in a single test session. In contrast, the
between-sessions design requires multiple test sessions to assess
the effects of a single manipulation across delay durations (that
could lead to sensitization or tolerance to the effects of the ma-
nipulation), and this may have advantages and disadvantages. The
between-sessions design aso has the possible advantage that the
behavior may be more rapidly acquired than in the within-sessions
design (Foscue et a., 2012). A benefit of adjusting procedures is
that they are more similar to the tasks used in research with human
subjects, in which both delays and reward magnitudes shift
within a session, allowing for calculations of k values. Tasks
with both adjusting and nonadjusting procedures are useful for
assessing the effects of chronic manipulations (e.g., knock-outs
or lesions) or trait-like aspects of impulsive choice (Helms et
al., 2006; Mendez et al., 2010; Winstanley et al., 2004). Given
that certain approaches (e.g., optogenetic or genetic modifica-
tions) are feasible in research with rodents but not humans, Cl
research in animal models offers complementary insight that
can inform the study of personality disorders and other psychi-
atric conditions.

In summary, future animal studies should take into account the
disorders being modeled and extant data in the corresponding

human conditions when choosing the type of ITCT and other
specific aspects of Cl measures as discussed above.

Human ITCTs

Recent characterizations of Cl as a trans-diagnostic process
underlying addiction, gambling, obesity, poor health practices, and
financial mismanagement underscore the importance of Cl re-
search to public health (Bickel et al., 2012b; Hamilton & Potenza,
2012). ITCTs are used to assess Cl in humans (Madden & John-
son, 2010; Odum, 2011). Most ITCTs require participants to make
a binary choice between a smaller reward that is delivered sooner
and alarger reward that is delivered later (Peters & Buchel, 2011).
Although different modes have been used to administer ITCT tasks
(i.e., computer-based and paper and pencil), both administration
modes generate important data that may be comparable across
delivery modalities (Smith & Hantula, 2008). In both human and
animal research, hyperbolic curves typically provide a better fit to
delay discounting data than do exponential curves (Mazur &
Biondi, 2009; Rachlin et a., 1991). A discussion of different
ITCTs, variants, and outcome measures follows (for overview, see
Table 1).

The Richards Task

The Richards computerized delay-discounting task is distin-
guished from traditional ITCTs by the use of an adjusting-amount
protocol by which choices of smaller-sooner rewards over larger-
later rewards cause subsequent choice alternatives to be dynami-
cally modified until an indifference point is reached. Additionally,
the task incorporates a probabilistic component to some of the
delayed rewards. The task also includes realized contingencies that
enhance ecologica validity, as participants are informed that,
depending upon their choices during the task, they may receive
varying amounts of money at the conclusion of the experiment or
sometime thereafter (Richards et al., 1999). Variants of this pro-
cedure have been developed and used by numerous other research
groups to assess Cl in distinct clinical groups, including individ-
uals with attention-deficit hyperactivity disorder (ADHD; Paloye-
liset al., 2010), adolescent smokers (Fields et a ., 2011), and socia
drinkers (Reynolds et al., 2006). The Richards task has a high level
of test—retest reliability, with an r of 0.89 when the interva
between the first and second assessments was about 8 days
(Weafer et al., 2013). Additionally, unlike many other behavioral
Cl tasks, delay and probability discounting on the Richards task
positively correlate with self-report measures of impulsivity,
thereby suggesting construct validity of this task (Richards et al.,
1999). Although it has been suggested that a limitation of the task
might involve a relative insensitivity to experimental manipula
tions (e.g., methylphenidate administration, acute alcohol admin-
istration) when compared with other tasks measuring delay dis-
counting in the same experiment, other research has reported
effects of d-amphetamine on Cl as assessed using the Richards
task (de Wit et al., 2002).

The Experiential Discounting Task (EDT)

The Experiential Discounting Task (EDT; Reynolds & Schiff-
bauer, 2004) is a computerized real-time assessment of temporal
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discounting processes. Participants make choices between a de-
layed (0-s, 7-s, 14-s, or 28-s) probabilistic (35% chance of occur-
rence) option ($0.30) and an adjusting immediate option that is
certain (initially $0.15). All choice consequences are experienced
during the assessment period, including monetary earnings deliv-
ered from a coin dispenser. Because the EDT involves rea-time
choice consequences, it is sensitive to state changesin discounting
and is appropriate for use with children.

Asameasure of temporal discounting, the EDT exhibits validity
in severa ways. Specificaly, principal component analysis sug-
gests the EDT loads on the same component as other recognized
measures of discounting (Reynolds et al., 2008), discounting tra-
jectories are similar to those identified in other measures of Cl
(i.e., discounting curves from the EDT are more hyperbolic than
exponentia in shape; Reynolds & Schiffbauer, 2004), and the EDT
differentiates drug-using versus nonusing groups (Reynolds et al.,
2006). Furthermore, methylphenidate (a stimulant medication used
for treatment of ADHD) decreased discounting on the EDT in
children diagnosed with ADHD (Shiels et al., 2009), whereas
dopamine agonists increased discounting on the EDT (Barake et
al., 2014; Voon et a., 2010). Additionally, administration of acute
alcohol aso increased delay discounting on the EDT (Reynolds et
al., 2006). However, it has been argued that the EDT may link
closely with other constructs (e.g., boredom proneness, probability
matching) as opposed to delay discounting per se (Smits et al.,
2013).

Little research has evaluated test—retest reliability of discounting
for the EDT. One small study of 26 participants suggests reliability
is modest, with a test—retest correlation of .32 (p = .11) for
assessments given over a 7-day period (Smits et al., 2013). Further
research is needed to more thoroughly evaluate reliability for the
EDT.

Monetary Choice Questionnaire

The Monetary Choice Questionnaire (MCQ; Kirby et al., 1999)
is a 27-item paper-and-pencil discounting assessment (an initial
version of the MCQ had 21 items; Kirby & Markovic, 1996). Each
item requires choice between alarger-later sum of money available
following a delay (7—186 days) and a smaller-sooner sum of
money available immediately. The 27 items are divided into three
magnitude conditions: small ($25-35), medium ($50—60), and
large ($75-85), alowing for caculation of a discounting param-
eter for each magnitude condition.

The MCQ was developed by assuming a hyperbolic model
(Mazur, 1987), and determining the values of smaller-sooner,
larger-later, and the delay to the larger-later based on specified
discount rates (k) that range from alow of .00016 and a high of .25.
The MCQ is scored by assigning a value equal to the geometric
mean of the adjacent discount rates resulting in the highest pro-
portion of consistent responses across each magnitude condition;
thus, 10 discount rates (including the two endpoint values) are
possible.

The MCQ has test—retest reliability of .71 across 1 year (Kirby,
2009) and is associated with impulsivity-related outcomes such as
initiation of drug use (Audrain-McGovern et a., 2009; MacKillop
et a., 2011), drug demand (Field et al., 2006; MacKillop et al.,
2010), and craving (Giordano et a., 2002). Another primary
strength of the MCQ is the ease and brevity of administration. As
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discussed below, one limitation of the MCQ is that it may be less
sensitive in the prediction of treatment outcomes than other mea-
sures of delay discounting (e.g., the EDT; Krishnan-Sarin et al.,
2007; Reynolds et al., 2006; Shiels et al., 2009). Other limitations
include the potential for ceiling and floor effects and limited
modifiability while preserving task characteristics.

Task Considerations. Real Versus Hypothetical
Rewards and Delays

Regardless of which human ITCT is used, whether tasks using
hypothetical rewards and delays yield results comparable with
those using real reward and delay procedures has been questioned.
Rea reward assessments may involve randomly selecting and
honoring one choice from al the choices the participant made
during the Cl assessment, thereby resulting in either a delayed or
immediate reward depending on which choice is selected by the
experimenter. Some evidence indicates that discounting rates are
steeper when using areal reward procedure compared with purely
hypothetical rewards and delays (Kirby, 1997), athough the re-
viewed studies had considerable differences in methods and out-
come amounts used across studies (Lawyer et al., 2011). Severa
studies directly comparing the two reward types reported no dif-
ferences in discounting rates for real and hypothetical rewards
(Baker, Johnson, & Bickel, 2003; Johnson & Bickel, 2002; Lawyer
et al., 2011; Madden et al., 2003; 2004), with one study reporting
that discounting rates involving real and hypothetical rewards are
statistically equivalent (Matusiewicz et a., 2013) and another
reporting comparable outcomes at four different monetary
amounts ($10, $25, $100, and $250; Johnson & Bickel, 2002). CI
assessed using hypothetical rewards was associated with real-
world economic behavior, a finding that speaks to the predictive
validity of hypothetical rewards (Bickel et al., 2010). Furthermore,
a neuroimaging study revealed that brain activation associated
with discounting did not differ depending on whether real or
hypothetical rewards were used in the task (Bickel et al., 2009).
Discounting for both types of rewards was associated with activa-
tion in an executive function area, the lateral prefrontal cortex, as
well in reward-relevant limbic areas, including the anterior cingu-
late, posterior cingulate, and striatum. However, it is important to
note that the realistic element in most of these “real reward” tasks
was limited, with only one choice or a subset of choices paid to the
participant, so probability may also been a factor influencing
responding.

Although many lines of research suggest that tasks using real
and hypothetical rewards have a high level of concurrent validity,
different relationships with the two types of tasks also have been
reported, particularly with respect to effects of pharmacological
manipulations and to specific clinical populations (Acheson & de
Wit, 2008; Acheson et al., 2006; de Wit, 2009; McDonald et al.,
2003; Mitchell & Wilson, 2012; Paloyelis et a., 2010; Reynolds et
al., 2006; Richards et al., 1999). Acute acohol increased choice
impulsivity on the EDT, which differs from the rea reward as-
sessments described above in that rewards and delays are experi-
enced by the participant for every choice as opposed to one
randomly selected choice, but had no effect on the Richards
delay-discounting task, which is more hypothetical in nature, as
only a subset of choices are rewarded in the Richards task at the
conclusion of the experiment of sometime thereafter (Reynolds et



This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

190

al., 2006). Similarly, the EDT was sensitive to stimulant medica-
tion effects in children diagnosed with ADHD whereas the Rich-
ards task was not (Shiels et al., 2009). However, when comparing
participants with the combined subtype of ADHD (ADHD-CT) to
healthy controls, the ADHD-CT group had a higher level of Cl
only when assessed by the hypothetical delay-discounting task, but
not when assessed by a real-time delay-discounting task (Paloyelis
et al., 2010). Furthermore, variation in dopamine-related genes
(i.e., COMT and DAT1) was related to discounting rates in hypo-
thetical tasks, but not in real-time tasks (Paloyelis et al., 2010).
However, in a separate line of research, discounting on a delay-
discounting task using hypothetical rewards was not related to two
dopamine D2 receptor gene polymorphisms (i.e., ANKK1 TaglA
and C957T), athough Cl was increased under stress only in
individuals with a specific dopamine D2 receptor polymorphism
genotype (i.e.,, the CC genotype of the C957T polymorphism;
White et al., 2009; 2008). Among adolescent smokers, discounting
on the EDT was not related to discounting on the MCQ, and scores
on the former but not the latter related prospectively to treatment
outcome measures (Krishnan-Sarin et al., 2007).

While findings from research comparing real and hypothetical
rewards have yielded divergent results, consideration of each of
the studies separately is subject to differences in sample size and
characteristics. A quantitative meta-analytic examination of Cl
research would provide more conclusive evidence about the con-
vergent validity of research using real and hypothetical rewards. In
alarge meta-analysis that included delay discounting research with
real and hypothetical rewards, there was no evidence for differ-
ences in convergent validity between the two reward types (Duck-
worth & Kern, 2011). Given this finding, it is reasonable to
conclude that the inclusion of both types of rewardsin Cl research
may not be necessary, particularly when the assessment battery for
a study is aready large or burdensome.

Health, Money, and Other Commodities

The majority of human CI studies use measures that focus on
choices between two financial outcomes (e.g., the MCQ). The
popularity of this approach may be attributed to its robust
reliability and validity across arange of clinical and nonclinical
populations. An advantage is its concrete and quantifiable prop-
erties (therefore, making these measures easily scalable) that
make it both easily understandable across human populations
and transferable to everyday behavior in modern society that
relies upon money and financial decisions. Further, as a gener-
alized conditioned reinforcer, monetary stimuli may be more
useful for studies seeking atrait measure of Cl that may be used
to predict and explain an individual’s stable pattern of behavior
across ranges of contexts and time. Indeed, research has shown
predictive validity between financial measures of Cl and be-
haviors ranging from substance use and addiction (Bickel et al.,
2014) to binge-eating disorder and obesity (Davis et al., 2010;
Fields et al., 2013) to pathological gambling (Alessi & Petry,
2003). Finally, although robust outcomes have been reported in
multiple Western cultures, its use in other cultures is less well
reported and, therefore, should be approached cautiously. A few
cross-cultural studies using monetary stimuli have reported
both similar performance of the hyperbolic discounting equa-
tion as well as expected cultural differences in the rate, with
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Western cultures typically discounting delayed rewards more
steeply than Eastern cultures (Du et al., 2002; Kim et al., 2012)
and in one study, showing greater activation of the ventral
striatum when discounting future rewards (Kim et al., 2012).

Although money is the most commonly reported task stimu-
lus, multiple ClI tasks using nhonmonetary commodities have
shown good test—retest reliability and validity. The array of
stimuli includes both primary natural reinforcers such as food
(Estle et al., 2007; Rasmussen et al., 2010), sexual activity
(Johnson & Bruner, 2013; Lawyer & Schoepflin, 2013; Lawyer
et al., 2011; 2010), alcohol and other substances of abuse
(Bickel et al., 2014; Odum, 2011), and conditioned, secondary
reinforcersincluding music CDs, books, and DV Ds (Charlton &
Fantino, 2008), availability of social interactions (Charlton et
al., 2013), and more abstract hypothetical concepts such as
various types of health and environmental outcomes (Baker,
Johnson, & Bickel, 2003; Hardisty & Weber, 2009; Miller &
Chapman, 2001).

In general, although different discounting rates have been
obtained across different commodities (Charlton & Fantino,
2008; Odum, 2011), the degree of discounting between hypo-
thetical commoditiesis highly correlated (Odum, 2011), and the
same temporal discounting equations have been found to work
well with these nonmonetary commodities, with the hyperbolic
function most commonly recommended (Charlton et al., 2013).
For more abstract outcomes such as delayed health and envi-
ronmental outcomes associated with behavioral choices, fram-
ing appears to be particularly important, with delayed gains
typically discounted at higher rates than delayed losses (Baker,
Johnson, & Bickel, 2003; Hardisty & Weber, 2009; Miller &
Chapman, 2001; Mitchell & Wilson, 2010). Commodities that
are able to be immediately consumed and are directly metabo-
lized, such as food, alcohol, and substances, tend to be tempo-
raly discounted at higher rates than commodities that serve
more of an exchange function, such as music, books, and money
(Charlton & Fantino, 2008). This domain effect, or specificity
effect, extends to observations that substance users discount
their particular substance of abuse more steeply than monetary
outcomes (Bickel et al., 2014; Odum, 2011), and specific com-
modities are typically more closely related to a congruent
domain-specific behavior than other commaodities. For example,
choice tasks using sexual activity and food stimuli were more
predictive of sexual behavior and body fat percentage, respec-
tively, than monetary stimuli (Lawyer & Schoepflin, 2013;
Rasmussen et al., 2010). As such, studies focused on particular
clinical populations or behaviors of interest (e.g., cocaine use or
binge-eating) may benefit from supplementing a generalized
monetary trait measure of Cl with a domain-specific task (e.g.,
cocaine or food stimuli, respectively) to maximize the ability to
discriminate between populations and predict relevant behav-
iors, and to better disentangle potential roles of temperament
and conditioned learning in those behaviors.

Cl Research in Special Populations

As described above, Cl is considered an important aspect of
psychiatric disorders (e.g., ADHD, addictions). Cl also is a key
feature of personality disorders, particularly cluster-B disorders
like borderline and antisocial personality disorders. Additionally,
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Cl patterns change across the life span (Christakou et al., 2011).
This section considers how best to implement and utilize ITCTs
and self-reported measures of Cl in clinical settings and with other
special populations. This section reviews task features and partic-
ipant characteristics that could influence results, the relative merits
of task standardization versus modification and the potential clin-
ical utility and treatment implications of Cl research.

Task and Participant Considerations
in Special Populations

Hypothetical Versus Experiential

As described previously, although results from hypothetical and
experiential Cl tasks correlate, this pattern may not be uniform
across populations. For example, experiential tasks may be more
suitable for those with difficulties with abstract reasoning. While
including a probability component in a task may increase face
validity, the increased cognitive load should be considered.

Reward Modality

As described previously, the reward modality and its salience in
the population under examination should be considered. For ex-
ample, cross-commodity studies in smokers suggest that drug
choices are discounted more steeply than monetary rewards
(Mitchell, 2004). Similarly, discounting rates appear to be some-
what commodity-dependent in cocaine users (i.e., k is elevated for
both money and cocaine, but higher for cocaine than for money;
Bickel et al., 2011a). Differences between consumable (primary)
reinforcers and nonconsumable (secondary) reinforcers may aso
influence cross-commaodity discounting in specific groups (Odum
& Baumann, 2007).

Rate Dependence

Baseline discounting rates, which may differ across clinica
groups and ages (Bickel et al., 2011a), are correlated with changes
in delay discounting in clinical trials (Bickel et al., 2007; Bickel &
Yi, 2008). Given such differences, one might consider testing for
regression to the mean or including the intercept or baseline
discounting rate in models along with changes in delay discount-

ing.

Demographic Factors: Age, Socioeconomic Status
(SES), and Intelligence

Cl is not uniform across the life span (Reimers et a., 2009);
delay discounting tends to be higher in childhood and adolescence
(Casey & Jones, 2010; Odum, 2011), reduces as the prefrontal
cortex (PFC) developsin adulthood (Christakou et a ., 2011; Green
et al., 1996; L 6ckenhoff et al., 2011; Samanez-Larkin et al., 2011),
and possibly increases again in older age (Harrison et a., 2002;
although see Green et ., 1996; L 6ckenhoff et al., 2011; Samanez-
Larkin et a., 2011). In addition, SES and |Q are associated with
multiple psychiatric disorders but also are independently associ-
ated with CI; thus, it may prove chalenging to determine the
individual contributions of SES and IQ to delay-discounting be-
haviors in certain clinical populations. Intelligence inversely cor-

relates with delay discounting in both adults (de Wit et al., 2007)
and adolescents, independent of age (Olson et al., 2007). In par-
ticipants with 1Qs at or approaching the classification for an
intellectual disability, this effect may in part result from limited
understanding of the task. For this reason, a minimum IQ cut off
should be used for study inclusion when possible. Experiential
tasks may be more suitable for individuals with difficulties with
abstraction, although as yet this has not been empiricaly tested.
With regard to SES, an association of Cl with socioeconomic
status, income or education has been reported in some studies (de
Wit et a., 2007), athough results from other studies have not
supported this conclusion (Olson et al., 2007). Subjects should be
matched on these variables when groups are compared (Baker,
Johnson, & Bickel, 2003; Bickel et al., 1999).

Temporal Processes

It is thought that Cl can be affected by time perception and
temporal horizons (Ohmura et al., 2005). Indeed, sleep-deprived
participants underestimated intervals and had increased discount-
ing compared with their own performances when in a nonsleep-
deprived state (Reynolds & Schiffbauer, 2004). ClI tasks may
assume that temporal processes such as time perception and tem-
poral horizons are uniform across populations. However, individ-
ual, cultural, and disorder-based differences may exist in envision-
ing the future (Kim et al., 2012; Petry et a., 1998; Teuscher &
Mitchell, 2011). Although k remained the most important factor
when time sensitivity was added to a two-parameter model of
choice impulsivity (Jones et a., 2009), such analyses have only
been conducted in healthy (control) populations. Therefore, it
would be pertinent to incorporate assessments of temporal pro-
cesses in Cl studies.

Cigarette Smoking

While potential confounding effects of medications and illicit
drugs on Cl are commonly considered, cigarette smoking is often
overlooked, despite data demonstrating increased discounting in
smokers (Bickel et a., 1999; Reynolds, 2006). Thisis particularly
relevant when studying clinical groups who smoke at higher rates
than the general population (Wing et al., 2012).

State Versus Trait Effects

Cl issubject to state effects, such as sleep deprivation (Reynolds
& Schiffbauer, 2004). Changes in mood also are associated with
changesin CI (Weafer et a., 2013). In addition, individual differ-
ences in delay-discounting responses to stress have been related to
trait-like measures of perceived stress (Lempert et al., 2012).
Groups with high impulsivity may not be consistently impulsive,
but rather may have moments of impulsive behavior in certain
situations, disease states, while intoxicated, or while in drug with-
drawal (Giordano et a., 2002). Individuals with drug addictions
made more impulsive decisions when presented with cues induc-
ing craving (Dixon et a., 2006). Certain groups (e.g., those with
borderline personality disorder) may show greater Cl under emo-
tionally stressful circumstances. Thus, it is important to consider
settings and context in Cl research.

The above list is not meant to be exhaustive, and potential
confounds should be considered for each research study, ideally at
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the design rather than analysis stage. Although removing all con-
founds may not be possible, they may be addressed by either
experimental (i.e., matching) or statistical (i.e., covariation) con-
trol. A disadvantage of matching is that unrepresentative groups
may be studied (e.g., patients with schizophrenia with above
average |Qs). Additionally, by systematically matching on a given
measured variable one may be mismatching on an unmeasured
variable (Meehl, 1971). However, despite these possibilities, one
should also be cautious about covariation techniques (Miller &
Chapman, 2001). Ancther option may involve using a relevant
clinical control group. Qualitative research may also be used to
reveal hidden confounders by providing insight into participants’
perspectives, unexpected task interpretations, and performance
strategies. Such approaches could be systematically incorporated
into Cl studies, but caution should be taken to avoid inadvertently
influencing task results; aternatively, such efforts may be con-
ducted in a pilot fashion.

Standardization Versus Task Modification

Establishing the generalizability of Cl measuresisimportant for
both between-groups (e.g., comparing k scores of individuals with
and without substance-use disorders) and within-group studies
(e.g., comparing k across the life span). Several potential methods
are available for testing the generalizability of Cl results. In formal
tests of measurement invariance, group or condition differences
can be tested by comparing fit of constrained and unconstrained
models. Tests of measurement invariance (Meredith & Horn,
2001) involve comparing models with increasingly constrained
parameters (Widaman & Reise, 1997) and this approach is estab-
lished within the psychometric literature to formally test compa-
rability of assessments across groups (Borsboom, 2006). However,
given measures of delay discounting may be derived from finding
indifference points rather than estimating a latent variable from
numerous manifest indicators, these tests of invariance are essen-
tially nonexistent within the literature. Instead, some researchers
have examined whether the form of discounting (e.g., a hyperbolic
discounting function) is invariant across groups to bolster support
that differences in discount rates are quantitative rather than qual-
itative. A study involving 935 individuals found the form of
discounting is invariant (i.e., hyperbolic) across age, gender, eth-
nicity, 1Q, or SES, suggesting differences in discounting in these
groups may be attributable to quantitative rather than qualitative
differences (Steinberg et a., 2009). Additionaly, researchers
could utilize multiple types of Cl tasks to estimate alatent variable
representing a discounting rate to facilitate formal tests of mea-
surement invariance.

If tasks are not equivalent across groups, researchers should
consider the advantages (e.g., more appropriate for the test group
and, therefore, perhaps more valid) and disadvantages (e.g., less
comparable to healthy control group) of implementing a modified
task within the context of the research question. For example,
modifications could include a child-friendly interface and rewards,
or utilizing an adapting paradigm, such as those used in neuroim-
aging studies, which base questions on subjects previous re-
sponses. Although task equivalence is a prerequisite for any
between-groups comparisons, it may be advantageous to imple-
ment a modified task for a certain population in which group
comparisons will be made (e.g., modifying atask for children, and
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then testing whether children with ADHD differ from children
without ADHD). If possible, administering both standard and
modified tasks would aid the accumulation of comparable data
across studies, while still asking new and popul ation-specific ques-
tions. Modifications should not be made lightly as the more data
that are collected using standardized tasks, the more the results
may be compared across studies.

Clinical Utility and Treatment Implications

The association of Cl with multiple clinical disorders (Reynolds,
2006) and clinically relevant phenomena like treatment outcome
(Fernie et a., 2013; Sheffer et al., 2013; Stanger et a., 2012)
suggest that Cl tasks could be applied in clinical settings. Potential
uses include identification of patients at risk for future harmful
behavior and as a treatment target and response indicator. Treat-
ments such as contingency management may have potential in
mitigating high impulsivity. Alternatively, cognitive (e.g., working
memory) training targeting the executive system has been shown
to decrease delay discounting in cocaine users (Bickel et al.,
2011b) and improve acohol and obesity treatment outcomes
(Nederkoorn et a., 2012; Verbeken et a., 2013). However, it is
important to note that psychiatric disorders like addictions are not
synonymous with high impulsivity (Bechara et al., 2001) and
patients with normal discounting rates may respond differentially
to specific treatment strategies. Thus, Cl tasks may help inform
treatment personalization.

Despite the potential utility of Cl tasks, research has largely
been confined to group comparisons with less data on values that
predict treatment outcome in individual patients. For Cl tasks to
develop into clinicaly useful tools, standard cut-off scores for
dysfunctional k or AUC values are important to establish. Al-
though large-cohort Cl studies have been conducted to meet this
aim (Bickel et al., 2012a; Reimers et a., 2009), larger samples
using standard tasks and taking into account variables such as age
and education should be conducted in control, clinical, and devel-
opmental groups (e.g., children, adolescents, and older adults). In
addition, as task scoring can be complicated, particularly for
people in clinical settings without training, the development of a
short, reliable, and easy-to-administer task would facilitate clinical
assessments as treatment settings are often characterized by time
constraints.

Conclusions

Cl isan important component of impulsivity that is: (a) reliably
elevated in multiple, relevant patient populations; and, (b) trans-
lational, in that it can be measured in animals and humans. Cl is
also unique; measures of Cl show little if any correlation with
other types of impulsivity measures, although there was moderate
convergence between Cl and trait impulsivity (as assessed by
self-report and informant-report questionnaires) in a meta-anaysis
of impulsivity-related measures (Duckworth & Kern, 2011). With
respect to rapid-response impulsivity, there are differences be-
tween populations regarding the two types of impulsivity, and the
underlying neurobiology of rapid-response impulsivity and ClI
differs in preclinical studies. This supports the argument that CI
measures should be included in any battery that is intended to
assess the construct of impulsivity. With a large body of research
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to date showing the importance of impulsivity in a variety of
psychiatric disorders and the focus of the National Institute on
Mental Health on Research Domain Criteria (RDoC) rather than
specific psychiatric disorders (Insel et a., 2010), having a com-
prehensive battery of measures to assess the construct of impul-
sivity is critically important. Such an approach is consonant with
efforts (e.g., PhenX) that seek to identify and characterize clini-
cally relevant transdiagnostic measures.

There appears to be less evidence supporting which specific Cl
measures to include in a battery measuring impulsivity. Some
investigators have argued that real rewards should be included in
measures of impulsivity as opposed to hypothetical rewards. How-
ever, as discussed above, most data indicate that responding for
real rewards is similar to responding for hypothetical rewards.
Based on research that has shown that nonadjusting CI measures
such as the MCQ and adjusting computer measures correlate but
are not interchangeable (Epstein et al., 2003), inclusion of one of
each (adjusting and nonadjusting) would allow for the greatest
comparison with prior studies. However, there are pros and cons to
individual measures of CI that make the choice of specific measure
less critical than the inclusion of a measure of Cl in the battery. As
discussed in this review, use of a standardized battery across
studies would allow for more certainty regarding comparison of
results across studies and subject populations. This was one of the
goals of the PhenX Toolkit (https://www.phenxtoolkit.org) that
now includes at least one measure of Cl, the MCQ. One goal for
the future of impulsivity research is a greater consensus on Cl
tasks that should be used in a standardized impulsivity battery.
Important in this consideration may be the addition for specific
conditions of disorder-specific commodities (food for obesity,
drugs for addiction) in addition to monetary discounting. Addi-
tionally, the extent to which Cl may reflect state-like or trait-like
features warrants consideration and this may be examined through
state manipulations (e.g., Cl under stressed and nonstressed states).
Other aspects of choice beyond magnitude and delay (involving
risk, ambiguity, and other factors) may be manipul ated experimen-
tally and should be considered in ongoing and future studies
(Tymula et a., 2012). Considering the human conditions being
modeled in animal studiesisimportant, and efforts should be made
to harmonize in as much as possible measures across species to
facilitate cross-species comparisons and maximize translational
impact of such research. With these points in mind, the field of
research into Cl and related constructs may be considered at a
relatively early stage, and further refinements in recommendations
are anticipated as the field matures further.

In summary, there was consensus among InSRI participants that
at least one measure of Cl should be included in any research
battery of impulsivity. The details of which measure to include and
pros and cons of specific measures produced less consensus.
However, al participants agreed that further research is warranted
in this area, particularly in the area of the relationship between CI
measures and clinical outcomes.
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