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With the growing trend toward engagement in sedentary behaviors during childhood, a greater under-
standing of the relationship between cardiorespiratory fitness and cognition during development is of
increasing importance. Objective: The aim of this investigation was to assess the extent to which failures
in sustained attention may underlie deficits in cognition associated with poorer aerobic fitness. Method:
A sample of 62 preadolescent children between the ages of 9 and 10 years were separated into higher-
and lower-fit groups according to their cardiorespiratory fitness. Results: Findings indicated that
lower-fit children exhibited poorer overall response accuracy during a task requiring aspects of cognitive
control relative to their higher-fit counterparts, with a disproportionately greater number of errors of
omission, and longer, more frequent sequential errors of omission. Conclusions: These findings suggest
that poorer vigilance may contribute to deficits in cognitive control associated with poorer aerobic fitness.
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Over the past several decades there has been a growing empha-
sis on elucidating the effect of fitness on brain health and cogni-
tion, particularly during maturation, given increasing societal
trends for children to participate in sedentary activities (Depart-
ment of Health and Human Services & Department of Education,
2000). Findings from these investigations have indicated that
poorer cardiorespiratory fitness may be adversely related to cog-
nitive health and function with less aerobically fit children exhib-
iting reduced academic achievement—in the areas of reading and
arithmetic—and overall lower functioning on a number of aspects
of cognition relative to higher-fit children (i.e., perception, mem-
ory, and concentration; Castelli, Hillman, Buck, & Erwin, 2007;
Hillman, Castelli, & Buck, 2005; but see Sibley & Etnier, 2003
and Tomporowski, 2003 for review). However, these investiga-
tions assessing the influence of aerobic fitness on cognition have
predominately focused on the ability to execute a correct response
and thus have largely ignored the extent to which deficits in
cognition associated with poorer cardiorespiratory fitness may
relate to failures in sustained attention (i.e., the ability to maintain
attentional focus to task relevant details over time; Parasuraman,
1979; Warm, Parasuraman, & Matthews, 2008).

Traditional sustained attention (also referred to as “vigilance”)
tasks require participants to attend and respond to infrequent target
stimuli amid high-probability nontarget stimuli over long periods
of time. According to the resource theory, this maintenance of
attentional focus requires substantial neural resources such that
over a prolonged period of time, depletion of attentional stores
manifests as failures in sustained attention (i.e., a lack of a re-
sponse when an action is required, resulting in an error of omis-
sion; Helton & Warm, 2008; Temple et al., 2000; Warm, Para-
suraman, & Matthews, 2008). Thus, these failures in sustained
attention are thought to allow for the regeneration of neural re-
sources until attention can be reengaged (Fisk & Schneider, 1981).
A primary limitation of traditional vigilance tasks however, is that
they can only be utilized in participant populations that are con-
ducive to sitting still for a long enough period of time for atten-
tional stores to be depleted. Accordingly, these tasks can range
from as short as 8 minutes (Nuechterlein, Parasuraman, & Jiang,
1983; Temple et al., 2000) to over 40 min in duration (Warm,
1984) for attentional stores to sufficiently be depleted to observe
failures in sustained attention.

Interestingly, previous investigations have suggested that these
failures in sustained attention may be rooted in the information-
processing demands of the task (Hitchcock, Dember, Warm, Ma-
roney, & See, 1999; Warm, Dember, & Hancock, 1996). That is,
previous research has observed a negative association between
attentional vigilance and cognitive load, such that failures in sus-
tained attention occur with greater frequency as the amount of
cognitive control required is increased (Caggiano & Parasuraman,
2004; Fisk & Schneider, 1981; Parasuraman, 1979). The term
cognitive control (also referred to as “executive control”) describes
an overarching set of higher-order cognitive operations, which are
involved in the regulation of goal-directed interactions within the
environment (Botvinick, Braver, Barch, Carter, & Cohen, 2001;
Meyer & Keiras, 1997; Norman & Shallice, 1986). Accordingly,
these resource intensive cognitive operations act to exert top-down
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control during ongoing information processing, allowing for im-
proved attentional maintenance of task demands and representa-
tions (Diamond, 2006; MacDonald, Cohen, Stenger, & Carter,
2000). Therefore, consistent with a more theoretical perspective of
attentional vigilance; any task that sufficiently depletes neural
resources in the maintenance of attention should eventually man-
ifest with a lack of a response when an action is required—thus
indicating a failure in sustained attention (Helton & Warm, 2008;
Temple et al., 2000; Warm, Parasuraman, & Matthews, 2008).

Given the apparent link between cognitive control and failures
in sustained attention, the first purpose of this investigation was to
determine the extent to which a classical cognitive control task, the
Eriksen flanker task (Eriksen & Eriksen, 1974), might be utilized
as a short duration assessment of sustained attention. The Eriksen
flanker task is a paradigm that has been extensively utilized in
cognitive control research to tap aspects of inhibitory control, one
aspect of cognitive control. Inhibition is believed to be particularly
important for the effective functioning of other aspects of cogni-
tion (Barkley, 1997; Brocki & Brohlin, 2004), given that it relates
to the ability to override a prepotent response to perform a less
potent but correct response, gate out task irrelevant information in
the stimulus environment, and stop an ongoing response (Barkley,
1997; Davidson, Amso, Anderson, & Diamond, 2006). It is these
abilities that are thought to be vital to sustaining attention and
maintaining control over one’s actions (Diamond, 2006). Accord-
ingly, the Eriksen flanker task may provide fertile ground to assess
sustained attention, as the inhibitory demands of the task exert a
substantial toll on available neural resources (Eriksen & Eriksen,
1974) and may more quickly deplete attentional stores thus engen-
dering failures in sustained attention. Further, given the relatively
protracted development of inhibitory control, this task may be
particularly useful for the assessment of attentional vigilance dur-
ing preadolescent childhood as these processes are still largely
inefficient (Blakemore & Choudhury, 2006; Diamond, 2006;
Luna, Garver, Urban, Lazar, & Sweeney, 2004).

The second purpose of the present investigation was to deter-
mine how deficits in sustained attention might relate to deficits in
cognitive control associated with lower levels of cardiorespiratory
fitness. That is, poorer aerobic fitness has been previously found to
be associated with decreased cognitive performance across a va-
riety of tasks, with a selectively greater deficit for aspects of
cognition with larger cognitive control demands (Hillman, Buck,
Themanson, Pontifex, & Castelli, 2009; Pontifex et al., 2011; but
see Hillman, Erickson, & Kramer, 2008 for review). In particular,
findings from Hillman et al. (2009) and Pontifex et al. (2011) have
demonstrated that lower-fit preadolescent children exhibit behav-
ioral deficits in response accuracy, with no changes in reaction
time (RT), in response to a modified flanker task relative to their
higher-fit counterparts. Although the mechanisms underlying these
fitness-related differences in cognition are still unknown, a grow-
ing body of research has begun to investigate cardiovascular
fitness-related differences in brain structure and function during
development. Specifically, findings from these cross-sectional in-
vestigations of aerobic fitness have observed that lower-fit chil-
dren exhibit a reduced ability to allocate attentional resources,
delays in information processes, and inefficient action monitoring
(Hillman et al., 2009, 2005; Pontifex et al., 2011).

Accordingly, if inefficient neural resource utilization relates to
more frequent failures in sustained attention; children with lower

aerobic fitness should exhibit a greater number of errors of omis-
sion (indicative of failures in sustained attention) relative to
higher-fit children. Further, given that failures in sustained atten-
tion are believed to allow for the regeneration of neural resources
until attention can be reengaged (Fisk & Schneider, 1981), the
hypothesized sedentary behavior-related failures in sustained at-
tention should also be associated with longer delays in the reen-
gagement of attention as indexed by greater frequency of error of
omission runs (i.e., two or more sequential errors of omission) and
the mean distance of error runs (i.e., the number of sequential
errors). Accordingly, it was hypothesized that children with lower
aerobic fitness would exhibit more frequent and longer lapses in
sustained attention.

Method

Participants

Demographic and fitness data for all participants are provided in
Table 1. Sixty-two preadolescent children (between the ages of 9
and 11 years old) from the east–central Illinois region were re-
cruited from the general community through the use of University
list-serves and fliers to serve as participants. Participants were
separated based on aerobic fitness into higher-fit or lower-fit
groups depending on whether their VO2max fell above the 70th
percentile or below the 30th percentile according to normative data
provided by Shvartz and Reibold (1990). All participants provided
written assent and their legal guardians provided written informed
consent in accordance with the Institutional Review Board of the
University of Illinois at Urbana-Champaign. Before testing, legal
guardians’ completed a health history and demographics question-
naire, reported that their child was free of neurological diseases,
attentional disorders (as indexed by scores below the 80th percen-
tile on the ADHD Rating Scale IV; DuPaul, Power, Anastopoulos,
& Reid, 1998), or physical disabilities, and indicated normal or
corrected to normal vision. Legal guardians, in collaboration with

Table 1
Mean (SD) Values for Participant Demographics and
Fitness Data

Measure Higher-fit Lower-fit

N 28 (11 females) 34 (17 females)
Age (years) 10.0 � 0.6 10.1 � 0.6
Tanner stage 1.7 � 0.5 1.6 � 0.5
K-BIT composite (IQ) 115.3 � 8.3 113.6 � 15.1
Socioeconomic status (SES) 2.6 � 0.6 2.7 � 0.6
ADHD 7.2 � 4.5 6.9 � 4.6
VO2max (ml/kg/min)� 52.8 � 4.6 35.7 � 5.2
VO2max percentile� 83.1 � 4.6 8.9 � 5.3
Physical activity (hours) 6.3 � 7.6 4.2 � 4.6

Note. ADHD � raw scores on the Attention Deficit Hyperactivity Dis-
order Rating Scale IV. SES was determined using a trichotomous index
based on: (1) participation in free or reduced-price lunch program at
school, (2) the highest level of education obtained by the mother and father,
and (3) number of parents who worked full-time (Hillman et al., in press).
VO2max, maximum oxygen consumption. Normative values for VO2max
may be found in Shvartz and Reibold (1990). Physical activity, total hours
of self-reported physical activity per week.
� p � .05.
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their child, completed the Tanner Staging Scales (Taylor et al.,
2001), indicating that the participant’s pubertal status was at or
below a score of 2 (i.e., prepubescent) on a 5-point scale. Addi-
tionally, children were administered the Kaufman Brief Intelli-
gence Test (K-BIT; Kaufman & Kaufman, 1990) by a trained
experimenter to assess IQ with all children falling above a score of
85, which would indicate clinical impairment (Kaufman & Kauf-
man, 1990).

ADHD Rating Scale IV

The ADHD Rating Scale IV is an 18 item inventory completed
by the parent/legal guardian based upon the diagnostic criteria for
attention deficit hyperactivity disorder (ADHD) as described in the
fourth edition of the Diagnostic and Statistical Manual of Mental
Disorders. The overall score is based upon the sum of the scores
for each of the 18 items, normalized by age and sex based upon
data from a sample of over 2,000 U.S. children. This inventory has
been validated as a reliable instrument to assess ADHD symptoms
in children and adolescents (Faries, Yalcin, Harder, & Heiligen-
stein, 2001; Zhang, Faries, Vowles, & Michelson, 2005).

Tanner Staging Scales

The Tanner Pubertal Timing Scales (Taylor et al., 2001) are a
valid and reliable measure of pubertal status, which use self-ratings
based upon schematic drawings of secondary sexual characteristics
and have been found to correlate well with physical examinations
based on Tanner stages (Morris & Udry, 1980). In these self-rating
assessments, participants and their legal guardian are presented
with sex-appropriate schematic drawings and are asked to rate
where the participant falls on the scale based on the drawings.
Ratings across pictures yield a single score of pubertal status
(ranging from 1, prepubertal to 5, adult).

Kaufman Brief Intelligence Test

The K-BIT is a motor-free, individually administered screening
tool used to assess verbal and nonverbal intelligence in individuals
across the life span (Kaufman & Kaufman, 1990). This measure is
comprised of expressive vocabulary and definition subtests, which
make up a verbal intelligence score; a matrices section, which
makes up the nonverbal intelligence score; and a composite scale
comprised of the verbal and nonverbal intelligence scores. This
test is widely used within this age group and has been found to be
a valid and reliable instrument for rapidly assessing IQ, with
independent validation observing a high correlation between the
Verbal, Nonverbal, and Composite scales for the K-BIT and the
Wechsler Adult Intelligence Scale–Revised (Naugle, Chelune, &
Tucker, 1993, but see Canivez, Neitzel, & Martin, 2005 for re-
view).

Task

A modified flanker task (Eriksen & Eriksen, 1974; Pontifex et
al., 2009, 2011) was used to assess inhibitory aspects of cognitive
control. This paradigm is conceptually simplistic in that it requires
the discrimination of a centrally presented target stimulus amid
lateral flanking stimuli, with participants being instructed to make
a left hand thumb press when the target stimulus pointed left and

a right hand thumb press when the target stimulus pointed right. In
this task, perceptually induced response interference can be evoked
by manipulating the compatibility of the target and flanking stim-
uli. In the congruent array (e.g., ����� or �����), the target
stimulus and the flanking stimuli are identical, resulting in faster
and more accurate responses relative to the incongruent array (e.g.,
����� or �����), where the target and flanking stimuli are
mapped to opposing action-schemas (Eriksen & Schultz, 1979).
Two blocks of 100 trials were presented with equiprobable con-
gruency and directionality. The stimuli were 3 cm tall white
arrows, which were presented focally for 200 ms on a black
background with a response window of 100 to 1,650 ms after
stimulus onset, and a fixed intertrial interval of 1,700 ms. Errors of
commission were defined as incorrect responses, while errors of
omission were defined as a lack of a response during the response
window. No responses were observed outside of the 1,650 ms
response window (during the �50 to 100 ms window surrounding
stimulus-onset).

Cardiorespiratory Fitness Assessment

Maximal oxygen consumption (VO2max) was measured using a
computerized indirect calorimetry system (ParvoMedics True Max
2400) with averages for oxygen uptake (VO2) and respiratory
exchange ratio (RER; VCO2/VO2) assessed every 20 s. A modified
Balke protocol (American College of Sports Medicine [ACSM],
2006) was used using a motor-driven treadmill at a constant speed
with 2.5% increases in grade every 2 min until volitional exhaus-
tion. A Polar heart rate monitor (Polar WearLink�31, Polar Elec-
tro, Finland) was used to measure heart rate throughout the test,
and ratings of perceived exertion (RPE) were assessed every 2 min
using the children’s OMNI scale (Utter et al., 2002). Relative peak
oxygen consumption was expressed in ml/kg/min and was based
upon maximal effort as evidenced by: (1) a plateau in oxygen
consumption corresponding to an increase of less than 2 ml/kg/min
despite an increase in workload, (2) a peak heart rate �185 bpm
(ACSM, 2006) and a heart rate plateau (Freedson & Goodman,
1993); 3) RER �1.0 (Bar-Or, 1983); and/or 4) ratings on the
children’s OMNI scale of perceived exertion �8 (Utter et al.,
2002). All participants were able to complete the cardiorespiratory
fitness assessment.

Procedure

On the first visit to the laboratory, participants completed an
informed assent and the K-BIT (Kaufman & Kaufman, 1990).
Concurrently, participants’ legal guardians completed an informed
consent, health history, and demographics questionnaire, the
ADHD Rating Scale IV (DuPaul, Power, Anastopoulos, & Reid,
1998), a modified Tanner Staging System questionnaire, and the
Physical Activity Readiness Questionnaire (Thomas, Reading, &
Shephard, 1992) to screen for previous health issues that might be
exacerbated by exercise. Participants were then fitted with a Polar
heart rate monitor (Polar WearLink�31) and had their height and
weight measured using a stadiometer and a Tanita WB-300 Plus
digital scale, respectively. Participants were then invited to partic-
ipate in the second day of testing if their VO2max fell above the
70th percentile or below the 30th percentile according to norma-
tive data provided by Shvartz and Reibold (1990). On the second
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visit, participants were seated in a sound attenuated room and
provided task instructions, afforded the opportunity to ask ques-
tions, and provided with 40 practice trials before the initiation of
testing.

Statistical Analysis

Task performance (RT, response accuracy) was assessed sepa-
rately using a 2 (fitness: higher-fit, lower-fit) � 2 (congruency:
congruent, incongruent) multivariate repeated measures ANOVA.
Separate analyses were conducted to assess for potential fitness
differences in the distribution of commission and omission errors,
the number of error runs (two or more sequential errors), and the
mean distance (number of sequential errors) for commission and
omission errors using multiple probability corrected Mann–
Whitney tests with a family wise alpha level of p � .05. The
Mann–Whitney tests were chosen to account for the non-Gaussian
distribution of the error data (Motulsky, 1995). Estimates of effect
size, partial �p

2, are provided for all main effects and interactions.

Results

Preliminary analyses were performed to test for potential dif-
ferences between the first and second block of 200 trials on the
modified flanker task. Findings revealed no significant main ef-
fects or interactions involving trial block, Fs (1, 60) � 3.5, p �
.07, �p

2 � 0.06. Thus, all further analyses were collapsed across
blocks. Analyses were also performed to test whether sex was
related to any of the behavioral effects. Findings revealed no
significant main effects or interactions, Fs (1, 58) � 3.2, p � .07,
�p

2 � 0.05, thus all further analyses were collapsed across both
sexes.

Reaction Time

Analysis revealed a main effect of Congruency, with longer RT
latency for incongruent (582.0 � 15.8 ms) relative to congruent
(515.7 � 13.2 ms) trials, F(1, 60) � 93.0, p � .001, �p

2 � 0.61. No
fitness main effects or interactions were observed for RT latency,
Fs (1,60) � 2.2, p � .14, �p

2 � 0.04.

Response Accuracy

Analysis revealed main effects of Fitness, with poorer response
accuracy observed for the lower-fit group relative to the higher-fit
group, F(1, 60) � 7.6, p � .008, �p

2 � 0.11, and Congruency, with
decreased response accuracy for the incongruent (74.8 � 1.7%)
relative to congruent (84.9 � 1.6%) trials, F(1, 60) � 61.5, p �
.001, �p

2 � 0.51.

Error Analysis

Further examination of the observed fitness differences in re-
sponse accuracy was conducted by decomposing the distribution
of commission errors (incorrect responses) relative to omission
errors (non-responses). Findings revealed that a larger number of
errors of omission occurred for the lower-fit relative to the higher-
fit group, Mann–Whitney U � 329.5, Z � 2.1, p � .025 (see
Figure 1), with no significant group effects observed for errors of
commission (incorrect responses), Mann–Whitney U � 373, Z �
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Figure 1. Mean (�1 SE) response accuracy (A); number of errors by
error type (B); number of error runs (two or more errors in a sequence) by
error type (C); and mean distance (number of sequential errors) by error
type (D); based on cardiorespiratory fitness (white: higher-fit, black: lower-
fit).
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1.5, p � .15. Further decomposition of the observed group differ-
ences in response accuracy was conducted by examining the
number of error runs (two or more sequential errors) for omission
and commission errors. Analysis revealed that the lower-fit, rela-
tive to the higher-fit, group exhibited more frequent error runs for
both errors of omission, Mann–Whitney U � 320.5, Z � 2.3, p �
.02, and errors of commission, Mann–Whitney U � 293.5, Z �
2.7, p � .008 (see Figure 1). Lastly, examination of the mean
distance (number of sequential errors) revealed a larger number of
sequential errors of omission for the lower-fit relative to the
higher-fit group, Mann–Whitney U � 324, Z � 2.3, p � .023 (see
Figure 1). No Fitness differences were observed for the number of
sequential errors of commission, Mann–Whitney U � 348.5, Z �
1.8, p � .07.

Discussion

In this investigation, we assessed the extent to which the flanker
task might be utilized as a short duration assessment of sustained
attention and the relation of these behavioral indices of sustained
attention to deficits in cognitive control associated with lower aerobic
fitness. The current findings suggest that the flanker task is effective
in eliciting errors of omission, which are classically viewed as an
index of failures in sustained attention. Further, these findings indicate
that lower-fit children exhibited poorer overall response accuracy
relative to their higher-fit counterparts, with a disproportionately
greater number of errors of omission and longer, more frequent
sequential errors of omission. Accordingly, these results provide ini-
tial evidence to suggest that failures of sustained attention may, in
part, underlie fitness-related deficits in cognitive control.

Although the modified flanker task used within the present
investigation is substantially different from traditional vigilance
tasks (given that in essence every stimuli is a target stimuli rather
than only being presented with infrequent targets), the heavy
inhibitory control requirement to sustain attention and maintain
control over ones actions during the completion of this task (Di-
amond, 2006) appears to be sufficient to engender vigilance fail-
ures in preadolescent children. Accordingly, these findings provide
further support for the resource theory of sustained attention sug-
gesting that failures of sustained attention result from mental
fatigue and neural resource limitations (Davies & Parasuraman,
1982; Helton et al., 2009; 2010; 2011; Temple et al., 2000; Warm
et al., 2008). However, given the frequent responding and fast-
paced nature of the flanker task, an alternative interpretation for
the increased occurrence of errors of omission has been posited by
Helton and colleagues (2011). That is, when responses are made
frequently and rapidly, a ballistic feed-forward motor routine be-
gins to develop resulting in modulations in response strategy rather
than perceptual failures (Helton, Head, & Russell, 2011; Helton,
Kern, & Walker, 2009; Helton, Weil, Middlemiss, & Sawers,
2010). As participants begin to make errors when RT becomes too
rapid, one means of motor inhibition is the complete cessation of
motor actions resulting in an error of omission (Helton et al.,
2011). Thus, such an interpretation questions the extent to which
these short duration vigilance tasks assess vigilance or strategic
disengagement (Helton et al., 2011, 2010, 2009).

If these errors of omission are indeed the result of tactical decisions
to improve/maintain performance, rather than being indicative of
failures of sustained attention, two important relationships should be

observed. First, Helton and colleagues (2009) suggest that should this
ballistic-feed forward motor routine modulate response strategy, it
would be coupled with a correlation between RT and response accu-
racy such that as RTs become shorter, poorer response accuracy
occurs. Within the present investigation, no statistically significant
relationships were observed between mean RT and the number of
errors of commission, the number of errors of omission, or overall
response accuracy, rs � .22, ps � 0.09. The second indicator of motor
inhibition underlying these errors of omission should be evidenced by
shorter RT immediately before an error of omission relative to a
correct response (Helton et al., 2011). However, within the present
investigation, no statistically significant differences in RT were ob-
served between mean RT, the RT for trials immediately preceding an
error of omission, or the RT for trials immediately after an error of
omission, ts (61) � 1.4, ps � 0.16. Given that in both instances, no
relationship was observed, these findings suggest that cognitive con-
trol tasks—such as the flanker task—may indeed provide a short
duration means of probing attentional vigilance. However, one limi-
tation of the present investigation that should be noted is that a more
traditional vigilance task was not collected. Thus, further research is
still necessary to better determine the extent to which errors of
omission in traditional vigilance tasks and tasks such as the modified
flanker assess similar aspects of sustained attention.

Relative to cardiorespiratory fitness, the current findings add to
a growing body of literature suggesting that lower fitness is asso-
ciated with deficits in task performance (Hillman et al., 2009,
2005) and deficient post-error adjustments in behavior (Theman-
son et al., 2008). Specifically, in the current investigation, lower-fit
participants committed twice as many error of commission runs
(two or more sequential errors) than their higher-fit counterparts.
These findings replicate those reported by Themanson and col-
leagues (2008), who observed decreased post-commission error
accuracy for lower-fit, relative to higher-fit, participants; such that
subsequent post-commission error adjustments in cognitive control
were insufficient to prevent a second sequential commission error
(Rabbitt, 1966). Taken together, these findings suggest that lower
cardiorespiratory fitness may be associated with deficient compen-
satory adjustments in cognitive control to initiate behavioral cor-
rections after the commission of an error.

Novel to the present investigation was the assessment of behav-
ioral indices of sustained attention with lower-fit children exhib-
iting more frequent failures in sustained attention, as indexed by an
increased occurrence of errors of omission. Because failures in
sustained attention occur as attentional resources diminish, these
fleeting instances are thought to allow for the regeneration of
neural resources until attention can be reengaged (Fisk & Sch-
neider, 1981). A behavioral index of the ability to regenerate
neural resources can therefore be obtained by assessing the fre-
quency of omission error runs (i.e., two or more sequential errors
of omission) and the mean distance of omission error runs (i.e., the
number of sequential errors of omission). Findings from the cur-
rent investigation suggest that lower-fit children experience more
frequent and longer delays in the regeneration and engagement of
attention, exhibiting over twice as many error of omission runs and
taking nearly twice the number of trials to reengage (as indexed by
a greater number of consecutive errors of omission). Collectively,
these findings suggest that lower cardiorespiratory fitness relates
to an increased occurrence of failures in sustained attention during
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a cognitive control task, necessitating more frequent and longer
time for the regeneration of neural resources.

The mechanisms underlying fitness-related deficits in sustained
attention likely relate to differences in brain structure and function.
That is, a growing body of research has observed that lower cardio-
respiratory fitness during development is associated with decreased
integrity of the neural networks underlying aspects of cognitive con-
trol (see Chaddock et al., 2011 for review). Specifically, findings from
cross-sectional investigations of aerobic fitness in preadolescent chil-
dren have observed modulations in neuroelectric indices of cognition,
with lower aerobic fitness being associated with deficits in response
inhibition as indexed by increased N2 amplitude, reductions in the
allocation of attentional resources as indexed by smaller P3 ampli-
tude, delays in the speed of information processing as indexed by
longer P3 latency, and decreased integrity of action-monitoring pro-
cesses as indexed by increased ERN amplitude (Hillman et al., 2009,
2005; Pontifex et al., 2011). Accordingly, poorer aerobic fitness may
be associated with inefficient neural resource allocation resulting in
more frequent and longer lapses of sustained attention. Beyond func-
tional deficits in cognition associated with cardiorespiratory fitness,
deficits in neural structures in the basal ganglia and hippocampus have
also been observed in lower- compared to higher-fit children along
with poorer performance on inhibitory control and relational memory
tasks, respectively (Chaddock et al., 2010a, 2010b). It is important to
note however, that the current investigation was cross-sectional in
nature; thus future randomized controlled trials are necessary to de-
termine whether these failures in sustained attention are the result of
individual differences or group bias other than cardiorespiratory fit-
ness, and how these failures relate to changes in brain structure and
function.

Conclusions

Collectively, the findings reported herein replicate and extend pre-
vious research on children, which have observed deficits in higher-
order cognitive function associated with poorer aerobic fitness, and
provide initial evidence to suggest that these deficits may result from
failures in sustained attention. Specifically, lower-fit children exhib-
ited a disproportionately greater numbers of omission errors and
longer, more frequent sequential runs of omission errors. These find-
ings suggest that children with poorer-aerobic fitness experience more
frequent failures in sustained attention during a cognitive control task,
necessitating more frequent and longer time for the regeneration and
engagement of attention. Accordingly, these data suggest that cardio-
respiratory fitness may be an important modifiable lifestyle factor that
has implications for the effective maturation of networks underlying
attention and maximizing cognitive health and function during devel-
opment.
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