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ABSTRACT—In this longitudinal study, the proportion of
time preschoolers directed their attention away from re-
warding stimuli during a delay-of-gratification task was
positively associated with efficiency (greater speed without
reduced accuracy) at responding to targets in a go/no-go
task more than 10 years later. The overall findings suggest
that preschoolers’ ability to effectively direct their atten-
tion away from tempting aspects of the rewards in a delay-
of-gratification task may be a developmental precursor for
the ability to perform inhibitory tasks such as the go/no-go
task years later. Because performance on the go/no-go task
has previously been characterized as involving activation
of fronto-striatal regions, the present findings also suggest
that performance in the delay-of-gratification task may
serve as an early marker of individual differences in the
functional integrity of this circuitry.

Cognitive control is the foundation of the ability to guide and
control behavior and optimize outcomes (Braver & Cohen, 2001;
Miller & Cohen, 2001). When individuals perform tasks in the
service of a desired goal, cognitive control enables them to
suppress attention and responses to irrelevant information, even
when that information is highly salient (Allport, 1987). Although
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individual differences in cognitive control seem to be evident as
early as 18 months of age (Rothbart, Derryberry, & Posner,
1994), the degree to which these differences in early life predict
cognitive control later in life has not been assessed. The present
longitudinal investigation examined this ability with the delay-
of-gratification task in preschoolers and the go/no-go paradigm
when they became adolescents and young adults. Both tasks
require the individual to effectively control attentional and
behavioral responses to salient information, a hallmark of cog-
nitive control and cognitive development (Casey, Durston, &
Fossella, 2001).

Many developmental studies have shown that cognitive con-
trol becomes more efficient (i.e., faster and more accurate) with
development (Keating & Bobbitt, 1978), not reaching full ma-
turity until after age 12 (Passler, Isaac, & Hynd, 1985). The
increase in efficiency from early childhood to adolescence is
marked by a decrease in an individual’s susceptibility to inter-
ference from competing information (e.g., Casey, Tottenham, &
Fossella, 2002). To study cognitive control in children and
adolescents, researchers have used a range of tasks, including
Stroop-like (Tipper, Bourque, Anderson, & Brehaut, 1989), di-
rected-forgetting (Harnishfeger & Bjorkland, 1993), and go/no-
go tasks (Luria, 1961). In the go/mo-go task, a well-studied
measure of cognitive control, participants are instructed to re-
spond to target stimuli, but to refrain from responding to non-
target stimuli. Children ages 7 to 12 show greater difficulty than
adults on this task (twice as many errors overall and slower re-
action time; Durston, Thomas, Yang, et al., 2002). Moreover,
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parametrically increasing the number of target (go) stimuli pre-
ceding a nontarget (no-go) stimulus has been shown to increase
the task difficulty. Specifically, as the number of preceding
consecutive go trials increases, people show a greater proportion
of false alarms to no-go trials (Durston, Thomas, Worden, Yang, &
Casey, 2002) and longer reaction times to go trials (Liston et al.,
2006). This manipulation provides a particularly sensitive probe
of developmental changes in attentional control (Durston, Tho-
mas, Yang, et al., 2002; Liston et al., 2006).

Performance in the classic delay-of-gratification task has
been shown to reflect preschoolers’ ability to control their at-
tention in the face of temptation (Mischel, 1974; Mischel,
Shoda, & Rodriguez, 1989). In this paradigm, preschoolers try to
postpone immediate gratification in order to attain a more valued
outcome later (e.g., two cookies instead of just one). Research
using this paradigm has provided compelling evidence for
meaningful individual differences in cognitive control (Ro-
driguez, Mischel, & Shoda, 1989). Although some children are
able to wait the entire 15-min period in order to obtain the more
valued reward, other children are not. Extensive research has
shown that a key ingredient of success in the delay situation is
the ability to allocate attention strategically during the waiting
period (Mischel et al., 1989). Specifically, those children who
are able to direct their attention away from the reward-related
stimuli in the task (low temptation focus) are able to wait longer
than those children who direct their attention toward the reward-
related stimuli (high temptation focus).

The delay-of-gratification task has been widely studied, in
part, because 4-year-olds’ performance in this task is diagnostic
of consequential long-term outcomes, including adaptive social,
cognitive, and emotional functioning in adulthood. For example,
4-year-old children who are more successful at waiting in the
delay-of-gratification situation have been found to be more at-
tentive, to be better able to concentrate, and to exhibit greater
self-control and frustration tolerance than their peers when they
are adolescents (Mischel, Shoda, & Peake, 1988; Shoda, Mis-
chel, & Peake, 1990). They also score higher on the SAT and are
perceived as more interpersonally competent by parents and
peers (Mischel et al., 1989). As adults, they are less likely to use
drugs (Ayduk et al., 2000).

It is noteworthy that there are significant procedural differ-
ences in the delay-of-gratification task and the go/no-go task.
Nevertheless, the two paradigms share a fundamental feature: In
both tasks, performance requires controlling a prepotent re-
sponse, whether it is producing a behavioral response in the go/
no-go task or attending to the temptations in the delay-of-grat-
ification task. Performance on the two tasks may rely, in part, on
similar neural circuitry. The go/no-go paradigm has been linked
to the development of fronto-striatal and related circuitry (Booth
et al., 2003; Casey, Trainor, Orendi, et al., 1997; Durston,
Thomas, Worden, et al., 2002; Vaidya et al., 1998). Although no
empirical study has directly examined the neural and biological
basis of performance in the delay-of-gratification paradigm,
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existing research (e.g., Rothbart et al., 1994) suggests that
prefrontal circuitry may account for individual differences in the
ability to effectively and flexibly deploy attention during this
task (Mischel & Ayduk, 2004). Thus, circumstantial evidence
indicates that performance in the delay-of-gratification and
go/mo-go tasks reflects similar biological and neural systems.
In the present study, we examined whether the proportion of
time preschoolers spent directing attention toward tempting
stimuli in the delay-of-gratification task would predict their
performance on a go/no-go task when the same individuals were
late adolescents and young adults. Previous longitudinal work
(Carlson, Mandell, & Williams, 2004) has demonstrated that
individual differences in executive functioning, including at-
tention deployment in delay tasks, are relatively stable between
the ages of 24 and 39 months. However, the extent to which
individual differences in early life predict abilities in late
adolescence and young adulthood has not yet been examined.
We hypothesized that compared with preschoolers who focused
on the salient and tempting aspects of the delay situation (in-
dividuals with high temptation focus), those who were able to
focus their attention away from those features (individuals with
low temptation focus) would later be more able to focus on the
task demands of the go/no-go task (i.e., responding to targets but
not to distractors), as indexed by faster reactions to go trials and
fewer false alarms to no-go trials. The number of consecutive go
trials preceding a no-go trial was used to increase the tendency
to respond and thus the need for cognitive control, as discussed
in more detail in the Method section. Thus, we predicted that
individual differences in cognitive control would be most visible
in conditions in which cognitive demands were highest (i.e.,
when multiple consecutive go trials preceded a no-go trial).

METHOD

Participants

Fifteen females and 19 males participated in a delay-of-grati-
fication assessment when they were approximately 4 years of age
(mean age = 4 years 10 months, SD = 3 months; range = 4.33—
5.25 years). At follow-up, they were approximately 14 years
older (mean age = 18 years 2 months, SD = 3 years 3 months;
range = 11.36-22.82 years old). The mean estimated 1Q of the
participants, based on subtests of the Wechsler Abbreviated
Scale of Intelligence (Wechsler, 1999), was 119 (SD = 10,
range = 105-138). Written consent (and assent when appli-
cable) was obtained prior to testing, and procedures followed all
applicable guidelines for human research subjects.

Procedure

Delay-of-Gratification Situation

Atage 4, each participant was asked by a female experimenter to
indicate a preference for either a smaller reward (e.g., one
cookie) or a larger reward (e.g., two cookies). Each child

479



Delay of Gratification and Cognitive Control

selected the larger reward. The experimenter then explained to
the child the rules of the game. The child was told that the ex-
perimenter would have to leave the room for a while to prepare
for the next activity. If the child waited for the experimenter to
return, without eating the reward or getting up from the seat, the
child would receive the larger reward. If instead the child did not
want to wait, he or she could ring a desk bell to summon the
experimenter and receive the smaller reward. After confirming
the child’s understanding of the game, the experimenter seated
the child at a table with the two rewards and the bell. There were
no toys, books, pictures, or other potentially distracting items in
the room. The experimenter left the room and did not return until
15 min had passed or the child had rung the bell, eaten the
rewards, stood up, or shown any signs of distress.

The child’s behavior during the waiting period was videotaped
unobtrusively through a one-way mirror and subsequently coded
second by second to provide fine-grained measures of attentional
control. Temptation focus was the proportion of time that the child
spent attending to consummatory aspects of the task, specifically,
looking at or touching the bell or rewards. This score ranged from
0 (no time attending to the bell or rewards) to 1.0 (100% of the
time attending to the bell or rewards). Delay time was recorded as
the number of seconds that the child was able to wait before
ringing the bell, eating the rewards, or leaving his or her seat.

The Go/No-Go Paradigm

The computer-administered go/no-go task (see Fig. 1) required
the subject to press a button whenever a target (go) stimulus was
present (75% of trials), but not to respond to an infrequently
presented nontarget (no-go) stimulus (25% of trials). The task
included a manipulation of context (i.e., the number of con-
secutive go trials that preceded a no-go trial). No-go trials were
pseudorandomly presented following a series of 0 to 6 go trials.
This manipulation also provided go trials that were pseudo-
randomly presented following O to 5 go trials. Thus, “no-go-1”
refers to no-go trials that followed a single go trial, “no-go-2” to
those following 2 go trials in a series, and so on. “Go-1" refers to
go trials that immediately followed a no-go trial, “go-2” to go
trials that followed a single go trial, and so on. There were 16
trials in each go and no-go condition, with the exception of go-6
(go trials following 5 go trials) and no-go-6 (no-go trials following
6 go trials), for which there were 8 trials each in order to keep the
design balanced.! As the number of sequential go trials in-
creased, the salience of the “go” response increased, as did the
probability of a no-go trial (e.g., the probability of a no-go trial
following a single go trial was .18; the probability of a no-go trial
following a series of 5 go trials was .66). Thus, the parametric
manipulation of increasing the number of preceding go trials was
expected to increase conflict between the two response options,
requiring greater cognitive control to perform the task.

"To avoid strategic responding, we also included 8 no-go-0 catch trials (no-go
trials following another no-go trial). Results for these trials were not analyzed.
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Fig. 1. Schematic representation of the go/no-go task. Stimuli were pre-
sented for 500 ms, and the interstimulus interval was 1,000 ms (trial length
= 1,500 ms). Participants were instructed *‘to feed a mouse by pressing to
get the cheese, but not to press otherwise.”” The target (go) stimulus was a
picture of cheese; the nontarget (no-go) stimulus was a picture of a cat. The
illustrations depict (a) the trial sequence for the no-go-1 condition (i.e., a
no-go trial preceded by 1 go trial) and (b) the sequence for the no-go-3
condition (i.e., a no-go trial preceded by 3 go trials). The task consisted of
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384 trials divided into two 192-trial runs, and lasted 576 s. Cartoons were
chosen as stimuli because related studies (e.g., Davidson et al., 2004) have
found them to be appropriate and motivating for both children and young
adults.

RESULTS

In the delay-of-gratification task, the children waited an average
of 530 s, or 8.8 min (range = 12-900s, SD = 365 s). A total of 13
children waited for the entire 900-s period, and 21 did not. As in
previous studies (Peake, Hebl, & Mischel, 2002), children who
waited the full 900 s spent proportionally less time attending to
the bell than other children did (7%, SD = 0.05, vs. 13%, SD =
0.11), t(31.06) = 2.04 (¢ test adjusted for unequal variances),
p = .05,p,., (i.e., the probability of an exact replication; Killeen,
2005) = .92, Cohen’s d = 0.62. We created high- and low-
temptation-focus groups by dividing the sample at the median
score for temptation focus (.35). Table 1 presents demographic
data for the two groups.

Age and Performance on the Go/No-Go Task

False alarm errors to no-go trials (M = .15, SD = .15) were
negatively correlated with age at follow-up, r = —.64, p < .0001,
Drep = .99.2 Correlations between age and false alarms on no-go
trials as a function of the number of preceding go trials were as
follows: no-go-1,r = —.57,p < .001; no-go-2,r = —.41,p = .02;

2All analyses were also performed using hierarchical linear modeling, which
simultaneously models both within- and between-subjects effects, represented
as continuous variables. The results obtained (available on the Web at
http://shodalab.psych.washington.edu/collaborative/eigstiO6hlm.pdf) were highly
similar to those reported here.
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TABLE 1

Characteristics of the High- and Low-Temptation-Focus Groups

Temptation focus”

Variable

High (n = 18)

Low (n = 16)

Mean proportional temptation focus
Mean age in years

Mean delay time in seconds
Number who waited the full 900 s in the delay task 11
Gender

Estimated 1Q"
Socioeconomic status®

49 (SD = .11; range = .36-.78)
17.3 (SD = 3.4; range = 11-22)
514 (SD = 388; range = 12-900)

10 male, 8 female
120 (SD = 10; range = 105-138)
64 (SD = 5; range = 50-66)

.22 (SD = .09; range = .08-.35)
18.3 (SD = 3.1; range = 11-22)
549 (SD = 349; range = 13-900)
10

9 male, 7 female

119 (SD = 10; range = 105-135)
63 (SD = 4; range = 53-66)

“The temptation-focus groups were created by splitting temptation focus in the delay-of-gratification task at the median (.35). Compared with low-

temptation-focus participants, high-temptation-focus participants spent a greater proportion of time focusing their attention toward tempting
features (the rewards or bell). "IQ was measured with the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999). “Socioeconomic status (SES)
was coded using the Hollingshead Four-Factor Index of Social Status (Hollingshead, 1975). All participants fell into the highest or next-highest
stratum. Although SES is a strong predictor of many achievement measures (e.g., literacy, language skills, and academic test scores), it does not
seem to be related to performance on delay-of-gratification tasks (Noble, Norman, & Farah, 2005). Thus, although the SES range of this sample was

limited, the results are likely applicable beyond this range.

no-go-3, r = —.64, p < .0001; no-go-4, r = —.47, p = .006;
no-go-5, r = —.55, p < .001; no-go-6, r = —49, p = .003.2
Similarly, although misses (i.e., incorrectly failing to respond to
go trials) were infrequent (M = .02, SD = .04), the number of
misses correlated with age (r = —.50, p = .002, p., = .99).
These results suggest that older participants made fewer false
alarms and misses than younger participants.

To test for the interaction between age and context in the data
for false alarms, we divided participants into younger (18 years
old and younger) and older (19 years old and older) groups. A
mixed analysis of variance (ANOVA) with age as the between-
subjects factor and the six levels of context (i.e., number of go
trials preceding a no-go trial) as the within-subjects factor in-
dicated a significant Age X Context interaction, F(5, 160) =
3.68,p = .03, pyep = .94, n? = .10." The main effects of age and
context were also significant, F(1, 32) = 8.70, p = .0006, p,., =
97,m% = .21, and F(5, 160) = 7.99, p = 001, p,ep = .99, % =
.20, respectively. As shown in Figure 2, false alarm rates in-
creased as the number of preceding go trials increased; the test
for the linear contrast was significant, F(1, 32) = 10.10, p =
003, pe, = .98, n? = .24, indicating that the context manip-
ulation effectively increased the task difficulty. Moreover, the
difference in false alarm rates between adolescents and adults
increased linearly (Age x Context linear contrast interaction)
as the number of preceding go trials increased; that is, the

*Because there were half as many trials in the no-go-6 condition as in the other
conditions, the reliability of the proportion of false alarms for no-go-6 trials was
reduced, and the correlation involving these trials is likely to be an under-
estimate. This issue of reliability is analogous to that observed for self-report
questionnaires, such that the fewer items a test contains, the less reliable it will
be, and the more attenuated its expected correlations with other measures will
be.

*Because variances for differences among the within-subjects conditions were
not all equal, p values reported here were corrected using Greenhouse-Geisser’s
formula.
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younger participants made relatively more false alarms as the
number of preceding go trials increased, although the increase
did not reach significance, F(1, 32) = 3.54, p = .07.

For the entire sample, the mean reaction time on go trials was
318 ms (SD = 37 ms). Age was not significantly associated with
average reaction times on go trials (r = —.24, p = .18). ANOVA
results showed a significant main effect of context on reaction
time, F(5, 160) = 4.73, p = .007, p,., = .97, n® = .13, with a
statistically significant cubic function, F(1, 32) = 15.14, p <
.001, p,ep, = .99, n? = .32, and no significant main effect of age,
F(1, 32) = 2.13, p = .15, or Age X Context interaction, F(5,
160) = 0.88, p = .44.
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Fig. 2. False alarm rates on no-go trials as a function of age (adolescent
vs. adult) and context (number of preceding go trials). Participants who
were 11 through 18 years old were classified as adolescents, and those who
were at least 19 years old were classified as adults. Bars represent 1 SEM.
The values presented are the means for the indicated no-go conditions
(e.g., the value for no-go-1,2 is the mean proportion of false alarms for the
no-go-1 and no-go-2 conditions).
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Individual Differences in the Delay Task and Go/No-Go
Task Performance

No significant correlations were found between delay time and
false alarms (r = .11, p = .55), misses (r = —.17, p = .34), or
mean reaction time (r = .17, p = .33); results were essentially
identical when delay time was log-transformed (rs were .07,
—.11, and .14, respectively, all ps n.s.). Thus, delay time was not
significantly related to performance on the go/no-go task, as-
sessed more than 10 years later. We consider these null findings
further in the Discussion section.

Temptation focus, defined as the proportion of delay time
preschoolers spent attending to the reward and bell, was posi-
tively correlated with mean reaction time to go trials (r = .38,
P = .03, prep = .94). The correlations between temptation focus
and reaction times on go trials as a function of the number of
preceding go trials were as follows: go-1,r = .27, p = .13; go-2,
r=.37,p=.03; go-3,r =.34,p = .05; go-4,r = .39, p = .02;
g0-5, 7 = 41, p = .02; go-6, r = .31, p = .08.°

Temptation focus was not significantly associated with false
alarms or misses, although correlations (r = .15,p =.40, and r =
.10, p = .56, respectively) were in the expected direction.
ANOVA results showed a significant main effect of context on
false alarms, F(5, 160) = 8.14, p = .001, and no main effect of
temptation focus, F(1,32) = 0.18, p = .68, or Temptation Focus
x Context interaction, F(5, 160) = 0.70, p = .49. The rates of
false alarms and misses, however, were very low, especially
among older participants, as in previous studies (Durston,
Thomas, Yang, et al., 2002), and the resultant floor effect may
have masked individual differences.

Reaction times were not significantly correlated with misses
(r = .05, p = .76) or false alarms (r = —.11, p = .53), indicating
that faster reaction times on go trials were not at the expense of
greater error (i.e., were not due to a speed-accuracy trade-off). In
addition, temptation focus and reaction times remained sig-
nificantly correlated when controlling for 1Q (pr = .38, p = .03,
Prep = -94), age (pr = .34, p = .05, p,;, = .92), and accuracy (pr =
40, p = .02, py, = .95). These results indicate that individuals
who focused their attention away from tempting aspects of the
delay situation were, on average, faster, though no less accurate,
in performing the go/no-go task than were individuals who fo-
cused more on the temptations in the delay situation.

A mixed ANOVA performed on the median split (Mdn = .35)
of temptation focus showed a significant Context X Temptation
Focus interaction term, F(1, 30) = 3.87, p = .0L, p,., = .97,
n? = .11 (see Fig. 3).° Moreover, the test for the linear effect of
the context-by-temptation-focus interaction was statistically
significant, F(1, 32) = 4.98, p = .03, p,e, = .94, T]2 = .14,

supporting our prediction that as the need for cognitive control

°For the same reason described in footnote 3, the correlation involving go-6
trials is likely to be an underestimate.

%When 3 individuals whose scores were exactly at the median were excluded
from analyses, the Context X Temptation Focus interaction remained similar to
that reported here, although it was no longer statistically significant (p = .097).
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Fig. 3. Mean reaction time on go trials as a function of temptation focus
(high vs. low) and context (number of preceding go trials). Bars represent 1
SEM. The values presented are the means for the indicated go conditions
(e.g., the value for go-1,2 is the mean reaction time for the go-1 and go-2
conditions).

increased, differences between low- and high-temptation-focus
individuals in their reaction time on go trials would also in-
crease. The finding that the magnitude of the temptation-focus
effect depended on the task context suggests that differences in
performance as a function of temptation focus are not due simply
to differences in general speed of processing (e.g., Kail &
Salthouse, 1994), but reflect differences in cognitive-control
abilities.

The main effect of temptation focus was also significant,
F(1,32) =4.30,p = .05, p,e, = .92, n2 = .12. This result, which
is consistent with the correlations reported earlier, indicates that
the low-temptation-focus group exhibited faster reaction times
overall. The main effect of context was also significant, F(5, 160)

= 4.77,p = .005, p,o, = .98, 1% = .13.

DISCUSSION

Cognitive control, broadly defined, involves the ability to inhibit
task-irrelevant responses that may occur at different stages of
processing (Casey et al., 2002). A notable aspect of the present
findings is that preschoolers’ cognitive control at the level of
stimulus selection, assessed in the delay-of-gratification situa-
tion, predicted their performance more than 10 years later on a
task that required cognitive control at the level of response
execution. Specifically, compared with preschoolers who di-
rected their attention toward the rewarding aspects of the classic
delay-of-gratification situation (the high-temptation-focus group),
preschoolers who directed their attention away from those
features (the low-temptation-focus group) were faster at per-
forming the go/no-go task without making more errors. Although
false alarm rates are one way to index cognitive control in
this task, the present findings are consistent with research
demonstrating effects on reaction times to go trials (Liston et al.,
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20006), as well as with the classic Stroop effect and a variety of
interference-suppression paradigms in which cognitive control
isreflected in reaction times (e.g., Fan, Fossella, Sommer, Wu, &
Posner, 2003).

The go/no-go task in the present study also included a para-
metric manipulation to increase the need for cognitive control.
As participants encountered an increasing number of con-
secutive go trials, the “go” response became increasingly salient
and automated. At the same time, the probability of the next trial
being a no-go trial increased. Thus, a greater number of con-
secutive go trials resulted in greater conflict between the two
response options, which in turn required greater cognitive
control for the task to be performed quickly and accurately. As in
previous research (Durston, Thomas, Worden, et al., 2002;
Durston, Thomas, Yang, et al., 2002), and providing support that
the parametric manipulation increased task difficulty, rates of
false alarms increased as the number of preceding go trials in-
creased, and this effect was more pronounced for younger than
for older participants. Although an age-by-context interaction
was not observed for reaction times to go trials, there was an
interaction of temptation focus and context. Specifically, dif-
ferences between the high- and low-temptation-focus groups
were greater as the number of consecutive preceding go trials
increased. This suggests that in order to perform with a low error
rate similar to that of low-temptation-focus participants, high-
temptation-focus participants compensated by slowing down
their speed of responding, particularly in trials following a large
number of consecutive go trials.

Surprisingly, findings did not indicate a relation between go/
no-go task performance and the number of seconds of waiting
time measured in the preschool delay task more than 10 years
earlier. One possible explanation of these null findings lies in
the fact that the distribution of the delay-time variable, even
when log-transformed, was characterized by a significant pro-
portion of scores at ceiling (13 participants waited the entire 15-
min period). More generally, it may be that delay time depends
not only on effective attentional control, but also on a number of
other factors, such as motivation to obtain the delayed rewards.
Preschoolers’ focus in the delay task, in contrast, is a more direct
measure of attentional control, which appears to be particularly
heuristic for predicting self-regulatory competence (e.g., Der-
ryberry & Rothbart, 1988; Sethi, Mischel, Aber, Shoda, & Ro-
driguez, 2000).

A possible alternative interpretation of the present findings is
that the relation between attentional control in the delay task
and reaction time in the go/no-go task reflects a more general
speed-of-processing ability (Kail & Salthouse, 1994) rather than
cognitive control. However, if the results were mainly due to
differences in speed of processing, the high- and low-tempta-
tion-focus groups should have differed in reaction time re-
gardless of the number of preceding go trials, our manipulation
of the need for cognitive control. Instead, reaction time differ-
ences between high- and low-temptation-focus participants in-
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creased as a function of the number of preceding go trials (i.e.,
increased as greater cognitive control was required to meet the
interference between competing task demands). This result is
consistent with our interpretation that individual differences at
age 4 predict cognitive control as assessed by the go/no-go task.

Previous studies have documented striking individual dif-
ferences in the efficiency of cognitive control (Fan, McCandliss,
Sommer, Raz, & Posner, 2002) and, further, have found pro-
mising links between these individual differences and genetic
variability (Fan et al., 2003). Extending this work, the present
findings suggest that an effective attentional control system, as
reflected in preschoolers’ ability to direct attention away from
tempting aspects of the rewards in a delay-of-gratification task,
may share a common mechanism with, or serve as a precursor
for, long-term ability to inhibit attentional and behavioral re-
sponses, as reflected years later in performance on the go/no-go
task. Moreover, because inefficient performance in the go/no-go
task has been well documented as being associated with im-
mature development of fronto-striatal and related circuitry
(Booth et al., 2003; Casey, Trainor, Giedd, et al., 1997; Davidson
et al., 2004; Durston, Thomas, Worden, et al., 2002; Durston,
Thomas, Yang, et al., 2002; Durston et al., 2003; Konishi et al.,
1999; Vaidya et al., 1998), the findings suggest that temptation
focus in the delay-of-gratification task at age 4 may already be a
marker of the subsequent development of individual differences
in this system in adolescence and adulthood.

Acknowledgments—This work was supported in part by
Grants RO1-MH63255, R21-DA15882, and R01-DA018879 to
B.J.C. and Grant R37-MH39349 to W.M.

REFERENCES

Allport, A. (1987). Selection for action: Some behavioral and neuro-
physiological considerations of attention and action. In H. Heuer
& A.F. Sanders (Eds.), Perspectives on perception and action (pp.
395-419). Hillsdale, NJ: Erlbaum.

Ayduk, O., Mendoza-Denton, R., Mischel, W., Downey, G., Peake, PK.,
& Rodriguez, M. (2000). Regulating the interpersonal self: Stra-
tegic self-regulation for coping with rejection sensitivity. Journal
of Personality and Social Psychology, 79, T76-792.

Booth, J.R., Burman, D.D., Meyer, J.R., Lei, Z., Trommer, B.L., Dav-
enport, N.D., Li, W., Parrish, T.B., Gitelman, D.R., & Mesulam,
M.M. (2003). Neural development of selective attention and re-
sponse inhibition. Neurolmage, 20, 737-751.

Braver, T.S., & Cohen, J.D. (2001). Working memory, cognitive control,
and prefrontal cortex: Computational and empirical studies.
Cognitive Processing, 2, 25-55.

Carlson, S.M., Mandell, D.J., & Williams, L. (2004). Executive function
and theory of mind: Stability and prediction from ages 2 to 3.
Developmental Psychology, 40, 1105-1122.

Casey, B.J., Durston, S., & Fossella, J.A. (2001). Evidence for a
mechanistic model of cognitive control. Clinical Neuroscience
Research, 1, 267-282.

483



Delay of Gratification and Cognitive Control

Casey, B.J., Tottenham, N., & Fossella, J. (2002). Clinical, imaging,
lesion, and genetic approaches toward a model of cognitive con-
trol. Developmential Psychobiology, 40, 237-254.

Casey, B.J., Trainor, R., Giedd, J., Vauss, Y., Vaituzis, C.K., Hamburger,
S., Kozuch, P., & Rapoport, J.L. (1997). The role of the anterior
cingulate in automatic and controlled processes: A developmental
neuroanatomical study. Developmental Psychobiology, 30, 61-69.

Casey, B.J., Trainor, R.J., Orendi, J.L., Schubert, A.B., Nystrom, L.E.,
Giedd, J.N., Castellanos, F.X., Haxby, J.V., Noll, D.C., Cohen, J.D.,
Forman, S.D., Dahl, R.E., & Rapoport, J.L. (1997). A develop-
mental functional MRI study of prefrontal activation during per-
formance of a go-nogo task. Journal of Cognitive Neuroscience, 9,
835-847.

Davidson, M.C., Horvitz, J.C., Tottenham, N., Fossella, J.A., Watts, R.,
Ulug, A.M., & Casey, B.J. (2004). Differential cingulate and
caudate activation following unexpected nonrewarding stimuli.
Neurolmage, 2.3, 1039-1045.

Derryberry, D., & Rothbart, M.K. (1988). Affect, arousal, and attention
as components of temperament. Journal of Personality and Social
Psychology, 55, 958-966.

Durston, S., Thomas, K.M., Worden, M.S., Yang, Y., & Casey, B.J.
(2002). The effect of preceding context on inhibition: An event-
related fMRI study. Neurolmage, 16, 449-453.

Durston, S., Thomas, K.M., Yang, Y., Ulug, A.M., Zimmerman, R.D., &
Casey, B.J. (2002). A neural basis for the development of in-
hibitory control. Developmental Science, 5, F9-F16.

Durston, S., Tottenham, N.T., Thomas, K.M., Davidson, M.C., Eigsti,
[.-M., Yang, Y., Ulug, A.M., & Casey, B.J. (2003). Differential
patterns of striatal activation in young children with or without
ADHD. Biological Psychiairy, 53, 871-878.

Fan, J., Fossella, J.A., Sommer, T., Wu, Y., & Posner, M.I. (2003).
Mapping the genetic variation of executive attention onto brain
activity. Proceedings of the National Academy of Sciences, USA,
100, 7406-7411.

Fan, J., McCandliss, B.D., Sommer, T., Raz, A., & Posner, M.1. (2002).
Testing the efficiency and independence of attentional networks.
Journal of Cognitive Neuroscience, 14, 340-347.

Harnishfeger, K.K., & Bjorkland, F. (1993). The ontogeny of inhibition
mechanisms: A renewed approach to cognitive development. In
M.L. Howe & R. Pasnek (Eds.), Emerging themes in cognitive
development (Vol. 1, pp. 28-49). New York: Springer-Verlag.

Hollingshead, A.B. (1975). Two-factor index of social status. New Ha-
ven, CT: Yale University Press.

Kail, R., & Salthouse, T.A. (1994). Processing speed as a mental ca-
pacity. Acta Psychologia, 86, 199-225.

Keating, D.P., & Bobbiit, B.L. (1978). Individual and developmental
differences in cognitive processing components of mental ability.
Child Development, 49, 155-167.

Killeen, PR. (2005). An alternative to null-hypothesis significance
tests. Psychological Science, 16, 345-353.

Konishi, S., Nakajima, K., Uchida, 1., Kikyo, H., Kameyama, M., &
Miyashita, Y. (1999). Common inhibitory mechanism in human
inferior prefrontal cortex revealed by event-related functional
MRI. Brain, 122, 981-991.

Liston, C., Watts, R., Tottenham, N., Davidson, M.C., Niogi, S., Ulug,
AM., & Casey, B.J. (2006). Frontostriatal microstructure mod-
ulates efficient recruitment of cognitive control. Cerebral Cortex,

16, 553-560.

484

Luria, D.M. (1961). The role of speech in the regulation of normal and
abnormal behavior. New York: Liveright.

Miller, E.K., & Cohen, J.D. (2001). An integrative theory of prefrontal
cortex function. Annual Review of Neuroscience, 24, 167-202.

Mischel, W. (1974). Processes in delay of gratification. In L. Berkowitz
(Ed.), Advances in experimental social psychology (Vol. 7, pp. 249—
292). San Diego, CA: Academic Press.

Mischel, W., & Ayduk, O. (2004). Willpower in a cognitive-affective
processing system: The dynamics of delay of gratification. In K.D.
Vohs & R.F. Baumeister (Eds.), Handbook of self-regulation: Re-
search, theory, and applications (pp. 99-129). New York: Guilford
Press.

Mischel, W., Shoda, Y., & Peake, P.K. (1988). The nature of adolescent
competencies predicted by preschool delay of gratification. Jour-
nal of Personality and Social Psychology, 54, 687—696.

Mischel, W., Shoda, Y., & Rodriguez, M.L. (1989). Delay of gratification
in children. Science, 244, 933-938.

Noble, K.G., Norman, M.F., & Farah, M.J. (2005). Neurocognitive cor-
relates of socioeconomic status in kindergarten children. Develop-
mental Science, 8, 74-87.

Passler, M.A., Isaac, W., & Hynd, G.W. (1985). Impulsivity: A multi-
dimensional concept with developmental aspects. Journal of
Abnormal Child Psychology, 8, 269-2717.

Peake, PK., Hebl, M., & Mischel, W. (2002). Strategic attention de-
ployment for delay of gratification in working and waiting situa-
tions. Developmental Psychology, 38, 313-326.

Rodriguez, M.L., Mischel, W., & Shoda, Y. (1989). Cognitive person
variables in the delay of gratification of older children at risk.
Journal of Personality and Social Psychology, 57, 358-367.

Rothbart, M.K., Derryberry, D., & Posner, M.I. (1994). A psychobio-
logical approach to the development of temperament. In J.E. Bates
& T.D. Wachs (Eds.), Temperament: Individual differences at the
interface of biology and behavior (pp. 83-116). Washington, DC:
American Psychological Association.

Sethi, A., Mischel, W., Aber, J.L., Shoda, Y., & Rodriguez, M.L. (2000).
The role of strategic attention deployment in development of self-
regulation: Predicting preschoolers’ delay of gratification from
mother-toddler interactions. Developmental Psychobiology, 36,
767-771.

Shoda, Y., Mischel, W., & Peake, PK. (1990). Predicting adolescent
cognitive and social competence from preschool delay of gratifi-
cation: Identifying diagnostic conditions. Developmental Psy-
chology, 26, 978-986.

Tipper, S.P., Bourque, T.A., Anderson, S.H., & Brehaut, J.C. (1989).
Mechanisms of attention: A developmental study. Journal of
Experimental Child Psychology, 48, 353-378.

Vaidya, C.J., Austin, G., Kirkorian, G., Ridlehuber, H.-W.Q., Desmond,
J.E., Glover, G.H., & Gabrieli, J.D. (1998). Selective effects of
methylphenidate in attention deficit hyperactivity disorder: A
functional magnetic resonance study. Proceedings of the National
Academy of Sciences, USA, 95, 14494-14499.

Wechsler, D. (1999). Wechsler Abbreviated Scale of Intelligence. New
York: The Psychological Corp.

(RECEIVED 5/10/05; REVISION ACCEPTED 8/1/05;
FINAL MATERIALS RECEIVED 8/23/05)

Volume 17—Number 6



This document is a scanned copy of a printed document. No warranty is given about the accuracy
of the copy. Users should refer to the original published version of the material.



