
system-specific  reliance on the prefrontal cortex, whose structural 
and morphological maturity is delayed until young adulthood 
(Huttenlocher and Dabholkar, 1997).

In addition to differences in their growth trajectories, the 
three subsystems of attention vary in their centrality to success-
ful academic achievement. There is growing evidence that con-
flict monitoring is most important in the acquisition of literacy 
(McCandliss et al., 2003), numeracy, and in a wide variety of other 
skills (Posner and Rothbart, 2007). Of the three networks, only 
conflict monitoring has been positively associated with school 
math achievement and tests of IQ, and negatively associated with 
peer reports of anti-social behavior (e.g., Konrad et al., 2005; 
Checa et al., 2008). Thus, while all three systems dynamically 
interact to support complex behavior, conflict monitoring seems 
to be more influential than orienting and alerting for achievement 
in educational settings.

Research regarding the central importance of conflict monitor-
ing in academic achievement has spurred the creation of programs 
specifically aiming to expedite its development. There are several 
recent examples of social-behavioral (Diamond et al., 2007) and 
computer-based programs used in young children (Rueda et al., 
2005; Thorell et al., 2008; Rabiner et al., 2010) that report positive 
results. Yet, in their evaluation of program efficacy, none of these 
prior studies has examined the dynamic conflict-sensitive upregu-
lation of control that is central to theories of conflict monitoring.
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monitoring demonstrated age-related improvements, with smaller conflict effect scores in older 
vs. younger participants. The influence of CMT on this system was similar to the influence of 
developmental maturity, with smaller conflict effects in the CMT vs. control group. To examine 
if CMT might also bolster conflict-triggered upregulation of attentional control, conflict effects 
were evaluated as a function of previous trial conflict demands (high conflict vs. low conflict). 
Smaller current-trial conflict effects were observed when previous conflict was high vs. low, 
suggesting that similar to adults, when previous conflict was high (vs. low) children in this age-
range proactively upregulated control so that subsequent trial performance was benefitted. 
The magnitude of conflict-triggered control upregulation was not bolstered by CMT but CMT 
did have an effect for current incongruent trials preceded by congruent trials. Thus, CMT’s 
influence on attention may be tractable and specific; it may bolster attentional alerting, conflict 
monitoring and reactive control, but does not appear to improve orienting.
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IntroductIon
Attention is a cognitive system essential for many forms of learning, 
as well as for regulating one’s thoughts, emotions, and actions. This 
system can be fractionated into the three subsystems of alerting, 
orienting, and conflict monitoring (Posner and Petersen, 1990). 
Alerting involves achieving and maintaining a vigilant or alert state 
of preparedness for fight or flight decisions. Orienting restricts 
processing to the subset of inputs that are relevant for the current 
task goals. Conflict monitoring resolves conflict between goals and 
performance, and prioritizes among competing tasks (for review, 
see Fan et al., 2002). There is growing evidence of heterochronic-
ity in the development of these subsystems from childhood into 
adulthood (see Rueda et al., 2005).

Alerting is thought to be fully mature by the age of 4 years (Rueda 
et al., 2004). While simple orienting (such as moving one’s eyes 
to an external flash) appears to mature quite early as well, more 
complex orienting processes which involve selection of relevant 
information in the face of distraction, mature later and are not at 
adult-levels even by age nine (Huang-Pollock et al., 2007). Some 
studies on the development of orienting indicate very early devel-
opment occurring before the age of six and very little improve-
ment after that age (Trick and Enns, 1998). Conflict monitoring 
is protracted in its development and is not fully developed until 
age 25 (See Diamond, 2006 for review; but see Rueda et al., 2005). 
These developmental differences have been attributed to differing 
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In tasks involving conflict monitoring, conflict trials contain 
distracting stimulus features associated with an incorrect response 
concomitant with a task-relevant stimulus. Cognitive demands are 
higher, response times are slower, and accuracy is lower for con-
flict vs. no conflict trials because these distracting features trigger 
stimulus-response mappings that must be overcome for successful 
performance. The difference between high and low current-trial 
conflict scores, referred to as the “conflict effect,” is smaller in older 
vs. younger children, and smaller in higher vs. lower achieving 
students (Fan et al., 2003; Rueda et al., 2004).

Computational theories of control processes like conflict moni-
toring and conflict adaptation that emphasize dynamic adjustments 
in control during response conflict tasks, have successfully demon-
strated when control is most likely to be engaged, modulated, or 
withdrawn (Botvinick et al., 2001; Brown and Braver, 2008). In the 
adult literature on conflict monitoring, many studies have shown 
that the conflict effect score is modulated by the conflict demands 
on the previous trial. Specifically, performance on high-conflict 
trials is better following high (vs. low) conflict trials (Gratton et al., 
1992; Botvinick et al., 1999; Kerns et al., 2004). This facilitated 
performance as a function of previous high conflict is referred to 
as conflict adaptation, and is proposed to result from a conflict-
triggered upregulation in cognitive control. Post-conflict trials, 
thus, enjoy greater access to control resources to resolve interfer-
ence from irrelevant stimulus features (Botvinick et al., 2001). This 
upregulation in control is proposed to rely upon the prefrontal 
cortex (see Mansouri et al., 2009). It is also referred to as a proac-
tive, as opposed to reactive control process, since it entails biasing 
information-processing before the onset of a critical stimulus (see 
Boy et al., 2010).

While a great deal is known about proactive control processes 
such as working memory maintenance as function of development 
(see Diamond et al., 2007), academic achievement (see Gathercole 
et al., 2004), and mental training (Klingberg et al., 2005; Jha and 
Kiyonaga, 2010), very little is known about conflict adaptation’s 
relationship to these contexts. No studies to date, have examined if 
conflict adaptation differs over the lifespan, academic achievement, 
or if it might be altered when children participate in programs 
designed to improve conflict monitoring.

Very few training programs for “augmented attention” in chil-
dren have been rigorously tested for efficacy and most are still in 
beta-testing phases (see Rabiner et al., 2010). Investigating if and 
how conflict adaptation is altered with training may help uncover 
the mechanisms of action by which training programs are able to 
bolster attentional processes. If, for example, a training program 
improves current-trial conflict effect scores but only when previ-
ous trial conflict is high, there would be positive support for the 
hypothesis that training may be bolstering the ability to dynamically 
upregulate proactive cognitive control. This level of specificity in 
understanding the route by which training bolsters performance 
may help inform next-generation treatment and training programs. 
In addition, it may allow training to be better targeted to individuals’ 
particular vulnerabilities. For example, training programs found to 
benefit proactive control might be offered to older adults (see Braver 
et al., 2007), patients with Parkinson’s disease (See Bonnin et al., 
2010), and incarcerated youth (Iselin and DeCoster, 2009) who 
all suffer from impairments in proactive but not reactive control.

One category of mental training techniques, which has been grow-
ing in popularity and in evidence-based support for salutary effects 
on attentional processes, is contemplative training involving medi-
tation (see Baer et al., 2006). Two recent studies in pre-school and 
elementary-aged school children reported improvements in atten-
tional processes after children participated in a multi-week medita-
tion training (MT) program using mindfulness meditation (Napoli 
et al., 2005; Flook et al., 2010). Mindfulness is characterized by full 
attention to present-moment experience without judgment, elabora-
tion, or emotional reactivity (see Jha et al., 2007). Mindfulness MT 
programs offer exercises and didactic guidance to help participants 
cultivate this mental mode. Numerous writings suggest that MT 
improves two disparate forms of attention described as “concentra-
tive” and “receptive” also referred to as “open monitoring” attention 
(Brown, 1977; Delmonte, 1987; see also Lutz et al., 2008). In the 
former, attention is restricted to a specific focus, such as the breath 
or a phrase (mantra). In the latter, attention is instead “objectless” 
and the goal is simply to keep attention fully “readied” in the present 
moment of experience without orienting, directing, or limiting it in 
any way. Whereas extraneous stimuli are considered distractors in 
concentrative attention, in receptive attention no stimuli are extra-
neous because attention is open to the entire field of experience.

There are many striking parallels between traditional concep-
tualizations of concentrative and receptive attention in the con-
text of meditation, and modern views of attention from cognitive 
neuroscience. Previous mindfulness studies in adults suggest that 
concentrative attention is similar to orienting and conflict moni-
toring, since both of these systems involve voluntary allocation of 
attention in the service of one’s goals. In contrast, receptive atten-
tion is akin to keeping attention in a readied or alert state (see Jha 
et al., 2007). Many studies in adults have confirmed that MT alters 
specific subsystems of attention. MT emphasizing concentrative 
attention has been found to improve attentional orienting (Jha 
et al., 2007; van den Hurk et al., 2009) as well as conflict monitoring 
(Chan and Woollacott, 2007; Tang et al., 2007; van den Hurk et al., 
2009), whereas MT emphasizing receptive attention has been found 
to improve attentional alerting (see Jha et al., 2007).

Yet other studies suggest that attentional changes may not be 
tied to the emphasis in training, but rather on the experience of the 
participants, with novices in meditation improving in concentrative 
attention and experts improving in receptive attention (for discus-
sion see Jha et al., 2007). Thus, prior studies in meditation have 
reported changes in all three systems of attention, as well as many 
other aspects of attentional functioning in adults (Brefczynski-
Lewis et al., 2007; Slagter et al., 2007; Srinivasan and Baijal, 2007; 
Lutz et al., 2009; MacLean et al., 2010; for review see Lutz et al., 
2008). In addition to training programs involving mindfulness 
meditation, training involving transcendental meditation has also 
found positive benefits in children and adults (Cranson et al., 1991; 
Rosaen and Benn, 2006). Transcendental meditation involves recita-
tion and repetition of an individually prescribed phrase (mantra) 
and is thus, a form of concentrative meditation training (CMT) 
with many of reported salutary effects (see Wallace, 1970; Alexander 
et al., 1993; Vegors, 1999).

Since some studies with children (Napoli et al., 2005; Flook 
et al., 2010) and adults (Grossman et al., 2004) indicate possible 
benefits of MT, further investigation into its mechanisms of action 
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44 males) was provided as a part of their regular academic cur-
riculum. The 13-year-old children in the CMT group (N = 29) had 
already received “relaxation training” (a pre-cursor to CMT) for at 
least one year (when they were 12-year-old) prior to participation 
in this study and in general, had spent a few months practicing 
meditation. The 14- (N = 26) and 15-year-old (N = 24) in the CMT 
group had received training in transcendental meditation for an 
average of at least 1 and 2 years respectively which involved daily 
exercises of 10 min, twice a day, involving a silent mantra (sound) 
chanting as an object of meditation performed in a group setting 
at the school. Transcendental meditation is practiced worldwide by 
millions of people (for more details, see Shear, 2006). The training 
also included pulse reading for 1 min and pranayam (breathing 
exercise) for 2–3 min in the morning session.

The control participants (control group: N = 76, 60 males; N = 25 
in 13-year-old, N = 25 in 14-year-old, and N = 26 in 15-year-old) 
were recruited from a different public school, which did not provide 
CMT or any other form of MT. Both schools were comparable in 
terms of the socio-economic status and academic background of 
the students (if at all the school that provided MT is considered 
more likely to have students with lesser socio-economical status 
given that it was less expensive). Most of the students in the schools 
came from geographical area around the schools and informal 
interviews with teachers indicated that there was no special reason 
for most of the students attending the schools. The CMT school 
was less expensive to attend and not as well known as a specially 
desired school by self-report of the teachers in that school.

All students performed the Attention Network Test (ANT; 
Fan et al., 2002). Three children from the meditation group and 
five from the control group were excluded from data analysis for 
accuracy performance more than two SD below the group mean, 
leaving N = 76 in the CMT group and N = 70 in the control group 
for the final analysis. The study was approved by the University of 
Allahabad Institutional Ethics Review Board and informed consent/
ascent conformed to the University’s ethical standard practices of 
research with children.

StImulI and deSIgn
All participants were given the ANT 1.3.0 version developed by 
Fan et al. (2002). Details about the stimulus conditions are given in 
Figure 1. Participants viewed a 15″ laptop screen from a distance of 
55 cm and responses were obtained through two input keys on the 
mouse. A central fixation cross was part of the standing background 
throughout the experiment. With the exception of no-cue trials, 
all trials began with the presentation of a warning cue for 100 ms. 
Cue offset was followed by a 400 ms delay. Each trial ended with 
the presentation of a target that appeared 1.068° above or below 
fixation. The target remained on the screen until a response was 
executed but for no longer than 1700 ms. The inter-trial inter-
val (ITI) varied randomly from 400 to 1600 ms across trials. One 
hundred ms with no stimuli were added to the ITI of no-cue trials 
so that the total trial duration for all trial types was comparable.

The target was an arrow pointing either leftward or rightward. 
The participant’s task was to indicate the direction in which the 
arrow pointed, as quickly and accurately as possible, while main-
taining fixation on the central cross throughout the trial. The par-
ticipants responded with the index finger of each hand and were to 

is warranted and necessary. Yet prior studies of MT have primarily 
involved either young children or adults. Very little is known about 
the impact of MT in adolescents (but see Zyloska et al., 2008).

Herein, we aim to investigate if CMT influences multiple atten-
tional processes including alerting, orienting, conflict monitoring, 
and conflict adaptation in adolescents. Monastic traditions, which 
offer CMT as part monastic training, do not offer formal medita-
tion to young monks until early adolescence, coinciding with the 
age-range of our study population. Thus, from an Indo-Tibetan 
monastic perspective, that this age-range may offer a critical win-
dow in which learning these techniques can be beneficial. From a 
neurodevelopmental perspective, the adolescent brain may be in a 
critical period of functional development to benefit from CMT. The 
rate of PFC maturation in the form of pruning, as well as neural 
growth in the form of localized increases in callosal density near 
temporal-parietal regions reach peak levels in the 13–15 year age-
range (see Thompson et al., 2000). Thus, engaging in mental train-
ing aimed at promoting greater attentional control might benefit 
from being offered in a critical window of developmental changes 
within brain structures known to subserve different attentional 
processes.

In the adult literature of meditation’s impact on attentional 
processes, quasi-experimental studies on individuals who have 
long-term experience with meditation practices, and who have self-
selected over their lifetimes, to engage in meditation practice, are 
far more common (e.g., Brefczynski-Lewis et al., 2007; Slagter et al., 
2007; Lutz et al., 2009) than studies with randomized-controlled 
designs involving novices. The logic is that those with long-term 
practice, who have made a commitment to voluntarily engage in 
meditation practices, are likely to have performance benefits that 
are more stable, and thus more tractable and specific. Yet, these 
quasi-experimental studies suffer a significant weakness, preclud-
ing any causal claims. It is possible that the group-wise differences 
between those with MT vs. controls, could be due to selection biases, 
pre-existing differences, or motivational differences. Nonetheless, 
observational/quasi-experimental studies have been deemed a 
necessary pre-cursor to large-scale and costly randomized design 
studies to be conducted in novices.

The current study used a quasi-experimental design to examine 
if there were tractable effects of CMT on the three subsystems of 
attention and conflict adaptation in 13–15 year olds. Similar to 
quasi-experimental studies in adults, we did not randomly assign 
individuals to receive or engage in CMT. Instead, we examined if 
attending a school which offered CMT vs. a school that did not, 
would influence attentional functioning. The study was conducted 
in India, where there is normative cultural acceptance of attending a 
CMT school, and engaging in CMT, and the two schools participat-
ing in this study were approximately matched for socio-economic 
status of students.

materIalS and methodS
PartIcIPantS
Two groups of school-aged children were recruited from two 
schools in Allahabad. Both schools had similar demographics in 
terms of religion with majority of the students in both schools 
being Hindu. The meditating participants were recruited with prior 
consent from a public school where CMT (CMT group, N = 79, 
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 monitoring) was examined separately via paired subtractions 
across subsets of conditions. These analyses considered only trials 
on which the target was flanked by arrows, excluding the neutral 
target condition. Alerting was indexed by the difference between 
scores on double-cue trials and no-cue trials (collapsed across target 
congruency condition). Orienting was indexed by the difference 
between scores on spatial-cue trials and center-cue trials (collapsed 
across target congruency). Conflict monitoring was indexed by the 
difference between scores on congruent target trials and those on 
incongruent target trials (collapsed across cue-type). The results 
of these paired subtractions will be referred to as subsystem dif-
ference scores. This method of analysis has been used extensively 
with the ANT and has been reported in detail elsewhere (e.g., Fan 
et al., 2002; Jha et al., 2007).

The mean subsystem difference scores for CMT and control 
participants of each age group are reported in Table 1. To explore 
the relationships between ANT subsystems, age, and MT in the 
academic context, we conducted univariate analyses of covariance 
(ANCOVA). Each analysis included a dependent variable of subsys-
tem difference score (alerting, orienting, or conflict monitoring) for 
both RT and accuracy, the fixed factor of group (CMT vs. control) 
and the covariate of age (13–15 year olds).

The ANCOVAs for Alerting revealed no main effect of age, but 
did reveal a main effect of group for both RT [F(1,143) = 4.22, 
p < 0.05; see Figure 2A] and accuracy [F(1,143) = 6.21, p = 0.01]. 
The Alerting subsystem difference scores were smaller for RTs and 
more positive for accuracy in the CMT vs. control group. The direc-
tion of these group-wise differences suggests that the CMT group 
had better alerting ability relative to the control group (see Fan 
et al., 2002). The ANCOVA for orienting revealed no main effects 
of age or group (see Figure 2B) for either RT or accuracy. The 
ANCOVA for conflict monitoring revealed a main effect of age 
for RT [F(1,143) = 5.86, p < 0.05] and accuracy [F(1,143) = 8.37, 
p < 0.01] and group (see Figure 2C) for both RT [F(1,143) = 5.51, 
p < 0.05] and accuracy [F(1,143) = 4.01, p < 0.05]. Conflict monitor-
ing scores were smaller in older vs. younger participants (Figure 3), 
and these scores were smaller in the CMT vs. control group, suggest-
ing that greater developmental maturity and CMT both improve 
conflict monitoring ability. Analysis on RTs based on group and 
congruency indicated that the benefit due to CMT is obtained with 
incongruent trials (p < 0.05).

press the left or right button on the mouse to indicate their response. 
In most cases, four arrows – two to the right and two to the left – 
flanked the target arrow, and the participant’s task was to indicate 
the direction of only the center arrow. Thus, the target could be 
unflanked (neutral target), pointing in the same direction as the 
flanking arrows (congruent) or in the opposite direction (incon-
gruent) of the flanking arrows. Each target presentation was pre-
ceded by one of four cue conditions: (1) no-cue: the fixation point 
remained on the screen during the cue presentation period but no 
cue was presented; (2) double-cue: asterisks appeared simultane-
ously at target positions above and below fixation; (3) center-cue: a 
single asterisk appeared at fixation; (4) spatial-cue: a single asterisk 
appeared at the location of the upcoming target. The spatial cue 
was 100% predictive of the target position and was equally likely 
to occur above or below the fixation point. Thus, cue conditions 
varied in the temporal and spatial information they provided about 
the subsequent target presentation. No-cue trials provided neither 
temporal nor spatial warning – the target simply appeared – while 
double- and center-cue trials provided only temporal warning, and 
spatial-cue trials provided both temporal and spatial warning about 
the upcoming target. After an initial practice session, all participants 
performed a total of 312 experimental trials.

reSultS
All analyses were performed on reaction time (RT; ms) scores for 
correct trials only, and accuracy (% correct) scores. The efficiency 
of each attentional network (alerting, orienting, and  conflict 

Figure 1 | Trial sequence and timing for the attention network test. 
Participants were instructed to keep their eyes fixated on the center cross 
during all trials. The experiment consisted of four cue conditions and two 
target conditions. All trial types were randomly intermixed and equally 
probable.

Table 1 | Mean subsystem difference scores for meditators and controls 

from each age group.

group Age Alerting Orienting Conflict 

monitoring

rT Accuracy 

(%)

rT Accuracy 

(%)

rT Accuracy 

(%)

Control 13 54.43 −1.8 66.18 0.18 159.59 5.5

14 49.10 −0.71 56.69 1.7 130.69 4.3

15 45.72 −0.58 62.74 1.3 130.32 2.1

Meditation 13 41.32 −0.064 61.40 0.39 124.20 3.5

14 36.08 0.33 57.98 1.3 128.23 2.4

15 32.53 0.91 62.63 0.56 93.29 1.9
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scores were the conflict monitoring difference score only for current 
trials on which the preceding trial had an incongruent target. The 
results of these ANOVAs, for RT and accuracy conflict difference 
scores, are reported in Table 2.

There was a main effect of Previous Congruency for both RT, 
F(1, 140) = 82.081, p < 0.0001 and accuracy F(1, 140) = 32.960, 
p < 0.001; conflict monitoring scores were smaller when the previ-
ous trial had been an incongruent target. Importantly, there was no 
significant two way interaction between group and previous con-
gruency for RT difference scores (See Figure 4). However, there was 
a close to significant interaction between group and previous con-
gruency for accuracy difference scores, F(1, 140) = 3.598, p = 0.06. 
While the conflict monitoring accuracy effect sizes were comparable 
across groups when the previous trial was incongruent, the CMT 
group had conflict monitoring scores of much smaller magnitude 
than the controls when the previous trial was a congruent target 
(p < 0.05). These results suggest that conflict monitoring was more 
efficient in the CMT vs. control group for previous congruent trials. 
There was a main effect of age for accuracy but not for RT. The 
interaction between age, group, and previous congruency was not 
significant for both accuracy and RT difference scores.

As reviewed above, the central analysis here for all three attention 
systems involved use of system-specific difference scores, as is typical 
in studies of the ANT (see Fan et al., 2002). Yet, for the conflict moni-
toring system, in particular, we wanted to ensure that performance 
on individual congruent and incongruent trials was in the expected 

conflIct adaPtatIon
Based on prior conflict adaptation results, we investigated whether 
the target congruency condition of trial n−1 (the immediately pre-
ceding trial) might impact the magnitude of the conflict monitoring 
effect score on trial n (the current trial), and whether the impact of 
trial n−1 congruency might also be sensitive to CMT. This sequen-
tial analysis as a function of previous trial type was conducted 
on only the conflict monitoring subsystem effect scores. The trial 
structure of the ANT precludes sequential trial-by-trial analysis of 
the trials comprising the other subsystems1.

To examine the influence of previous trial target congruency on 
conflict monitoring, we conducted repeated measures ANOVAs on 
conflict monitoring subsystem difference scores separately for RT 
and accuracy. The ANOVAs included the within subjects factor of 
previous congruency (target congruency on trial n−1; congruent 
vs. incongruent) and the between-subjects factor of group (CMT 
vs. control) and age (13 vs. 14 vs. 15). Previous congruent scores, 
for example, consisted of the magnitude of the conflict monitor-
ing subsystem difference score calculated for only trials on which 
the preceding trial (of the current congruent or incongruent trial) 
had a congruent target. Likewise, previous incongruent difference 

Figure 3 | (A) Reaction time conflict monitoring score for each age (collapsed across groups). (B) Accuracy conflict monitoring score for each age (collapsed across 
groups).

Figure 2 | reaction time difference scores for (A) alerting, (B) orienting, and (C) conflict monitoring as a function of group.

1While most trials have either an incongruent or congruent flanker condition in 
which the current trial was preceded by another flanker condition, the consecutive 
occurrence of trial types comprising the alerting and orienting systems are too rare 
to allow for a similar sequential analysis.
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Thus, these trial-specific analyses corroborate the findings 
reported for the conflict monitoring difference scores above. The 
results indicate that conflict adaptation is present in this age-range, 
with RT patterns comparable to those previously reported in adults 
(see Egner, 2008 for review). That is, 13–15 year old children are able 
to proactively upregulate control when previous trial was incongru-
ent. The control adaptation RT patterns did not differ between the 
CMT and control group indicating that CMT might not produce a 
significant effect on conflict adaptation in this age-range, and may 
not improve proactive control.

The CMT-related improvements were not observed during task 
conditions in which proactive control was triggered by the task 
context – when the previous trial was incongruent vs. congruent; 
or when the need for attentional control was minimal – during cur-
rent congruent trials. Instead, CMT’s benefits were found in a task 
context devoid of proactive control triggers (previous congruent 
trial) but high current-trial demands for control to ensure correct 
performance (current incongruent trials).

direction, and that current × previous trial interactions were consist-
ent with prior conflict adaptation results. Conflict adaptation studies 
do not typically use the difference score methodology, but rather an 
individual trial-specific analysis (see Egner, 2008). As such, ANOVAs 
were conducted on RTs and accuracy with training group and age as 
between-subjects factors, and two within subjects factors [current-
trial congruency (trial n): congruent vs. incongruent; and previous 
congruency (trial n−1): congruent vs. incongruent].

The results demonstrated (1) a significant main effect of 
 current-trial congruency for RTs, F(1, 140) = 533.754, p < 0.0001, 
and accuracy, F(1, 140) = 80.771, p < 0.001, with faster RTs and 
higher accuracy for current congruent vs. incongruent trials; (2) 
a significant main effect of previous trial congruency for RTs, 
F(1, 140) = 16. 996, p < 0.001 and accuracy, F(1, 140) = , 30.728, 
p < 0.001, with faster and more accurate performance when the trial 
n−1 flankers were incongruent vs. congruent; and (3) a significant 
current congruency × previous congruency interactions for RTs, F(1, 
140) = 82.081, p < 0.001 and accuracy, F(1, 140) = 32.960, p < 0.001.

Consistent with the conflict adaptation literature (See Egner, 
2008) – for current congruent trials, participants were faster for 
previous congruent trials, but for current incongruent trials par-
ticipants were significantly faster for previous incongruent trials 
(p < 0.05). Accuracy for current congruent trials was the compara-
ble and near-ceiling regardless of the condition of the previous trial, 
but for current incongruent trials accuracy was higher for previous 
incongruent than previous congruent trials (p < 0.05). In terms of 
CMT and its effects on conflict adaptation, there was no three-way 
interaction for current congruency × previous congruency × group 
observed in the analysis of RTs (see Figure 4). However, the three-
way current congruency × previous congruency × group interac-
tion for accuracy was significant, which was driven by significant 
group-wise differences in only the trials that had current incongru-
ent and previous congruent targets (p < 0.05), with higher accu-
racy scores in that condition for the CMT vs. control group (see 
Figure 5). Importantly, while there was a significant effect of age, 
the interaction between age, group, and previous congruency was 
not significant, nor was the four-way interaction.

Table 2 | repeated measures ANOVA results for the conflict monitoring 

difference score, including the within-subjects effect of previous trial 

target congruency and between-subjects factor of group and age.

effect rT Accuracy df

F p F p

Group 4.544 0.035 2.547 0.113 1,140

Age 2.575 0.080 7.262 0.001 2,140

Group × age 1.343 0.264 0.473 0.624 1,140

Previous congruency 82.081 0.000 32.960 0.000 1,140

Group × previous 

congruency

0.321 0.572 3.598 0.060 1,140

Age × previous 

congruency

5.668 0.004 0.332 0.718 2,140

Group × age × previous 

congruency

0.829 0.439 1.942 0.147 2,140

Figure 4 | reaction time conflict monitoring score (rT for incongruent 
target trials-rT for congruent target trials) when previous trial was either a 
congruent or incongruent trial as a function of group and age.

Figure 5 | Conflict monitoring subsystem accuracy scores when trial 
n−1 was either a congruent or incongruent target condition trial, as a 
function of both group and current-trial congruency.
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interfering, yet incorrect, motor programs activated by distract-
ing flankers, for example, conflict adaptation may involve control 
processes which cannot be specific to the upcoming motor inhi-
bition demands – since the upcoming trial has not yet occurred. 
Conflict adaptation may involve control processes that are able to 
be proactively prepared in the absence of specific stimulus features, 
such as narrowing or restricting of the aperture of attention so 
that only the narrow center of the target array is attended during 
flanker performance.

The current results are that conflict resolution, indexed by cur-
rent-trial performance, regardless of previous trial conditions, was 
significantly improved in the students attending the CMT school vs. 
other school, in all age groups. While conflict adaptation was not 
improved in this group, relative to the control group in terms of RT, 
there was an improvement in terms of accuracy. This CMT-related 
benefit during previous trial analysis, involved a convergence of 
age and trial conditions in which proactive control was least likely 
to have been engaged. That is, the CMT group’s accuracy was sig-
nificantly better than the control group, when the current trial was 
incongruent and preceded by a congruent trial. This context may 
maximize the need to employ reactive control, and it was only under 
these circumstances that the CMT outperformed the control group.

Many questions remain for next-generation randomized con-
trol studies of CMT. For example, might CMT improve reactive 
control more so than proactive control? The ANT task used herein 
does not aim to fractionate attentional processes in these terms and 
is not well suited to answer this question. Studies using response 
conflict tasks in which the probability of congruent vs. incongruent 
trials is manipulated have been used previously to index the neural 
bases, and age-related changes in reactive vs. proactive control (see 
Braver et al., 2007). Future studies should examine the impact of 
CMT using this methodology. Nonetheless, it is noteworthy that 
similar to conflict adaptation, orienting, which has been consid-
ered by many models as an index of proactive control (see Shulman 
et al., 2001), was also insensitive to CMT. Yet, studies in novice 
and experienced adult MT-practitioners of mindfulness MT have 
found that orienting is bolstered with MT (see Jha et al., 2007; 
van den Hurk et al., 2009). Thus, it is not clear if the null effects 
in conflict adaptation and orienting observed herein are due to 
the specific nature of the training (CMT as opposed to mindful-
ness training) or the age of the participants (early adolescents as 
opposed to adults).

The current study found that in addition to conflict monitoring, 
alerting was bolstered by CMT group membership. Only one previ-
ous study has reported MT-related changes in the alerting system 
(Jha et al., 2007). Yet the alerting system benefits in the study of 
Jha et al. (2007) and those observed herein are quite distinct. Jha 
et al. (2007) reported improvements in the no-cue condition after 
participation in an intensive 1-month retreat in experienced adult 
MT-practitioners. These benefits were interpreted as improved 
readiness of attention, without provocation, due to the receptive 
skills cultivated during the 1-month retreat. In the current study, the 
direction of the RT effects observed in the CMT vs. control group 
in the calculation of the alerting difference scores, suggest that the 
CMT group was more responsive or “reactive” to the double-cue 
trials relative to the control group. Thus, the nature of the benefits 
of MT in the current study and that of Jha et al. (2007) appear to 

dIScuSSIon
The current study aimed to examine the influence of long-term 
(1–3 years) practice of CMT, via enrollment in a school offer-
ing daily transcendental meditation exercises, on subsystems of 
attention in adolescents. Alerting and conflict monitoring, but not 
orienting differed between the CMT and control group. Conflict 
adaptation differed between the CMT and control group among 
the 13 year old children. Conflict monitoring demonstrated age-
related improvements, with smaller conflict effect scores in older 
vs. younger participants. The influence of membership in the CMT 
group on this system was similar to the influence of developmental 
maturity, with smaller conflict effects in the CMT vs. control group.

We acknowledge that the conclusions that can be drawn regard-
ing the benefits of CMT on attention, are weak because of the quasi-
experiment (vs. experimental) nature of our study design. Many 
factors other than group-wise differences of engaging in concentra-
tive meditation practices could have contributed to the pattern of 
results observed herein. The students in the two training groups 
were not explicitly matched along genetic or demographic variables, 
such as parental/familial attitudes regarding meditation, meditation 
practice in the home, or baseline attentional or motivational differ-
ences. Thus, this study shares the pitfalls of many previous studies 
investigating the impact of meditation on attention, using similar 
designs, in adults (see Lutz et al., 2008). Nonetheless, attentional 
benefits of membership in the CMT group are consistent with the 
impact of CMT observed in previous studies in adults (see Jha 
et al., 2007). As such, while the nature of the design precludes causal 
claims regarding the beneficial effects of CMT, the results suggest 
that a full-scale randomized control trial in novices is warranted 
in this age-range.

Despite our inability to draw strong conclusion regarding CMT, 
this study does advance understanding of conflict adaptation effects 
in this age-range, which have not yet been reported in the develop-
mental literature. All age groups demonstrated conflict adaptation 
in their RT scores, suggesting that children in the early adolescent 
age-range are capable of context-sensitive dynamic upregulation 
of proactive control. Yet there was no influence of CMT-group 
membership on the conflict adaptation RT effects. Although this 
is a null-result regarding training-group membership in conflict 
adaptation, we argue that this result does provide novel insight 
into the development of conflict adaptation, as well as its putative 
independence from systematic changes (that we observed to be tied 
to training-group membership) in conflict effect scores.

Counter to initial models on the topic (Botvinick et al., 2001), 
recent studies suggest that the nature of control operations sup-
porting conflict resolution vs. conflict adaptation may be distinct 
(Bonnin et al., 2010; Boy et al., 2010). Conflict resolution occurs in 
response to experienced conflict when attentional control mecha-
nisms have been used to overcome conflict after it has been expe-
rienced. Conflict adaptation refers to control mechanisms that are 
engaged prior to the appearance of the stimulus requiring conflict 
resolution. That is, whereas conflict resolution is reactive, conflict 
adaptation is considered a proactive control process (see Bonnin 
et al., 2010). As such, recent studies have argued (Boy et al., 2010) 
that the specific control operations engaged during conflict reso-
lution and conflict adaptation may be distinct. Whereas conflict 
resolution involves engaging control to overcome the particular 
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be distinct. Further, the pattern of results observed herein, are more 
in line with improvements in reactive control following CMT, more 
so than proactive control.
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is interesting that this component was sensitive to age and CMT. 
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