
No Sustained Attention Differences in a Longitudinal
Randomized Trial Comparing Mindfulness Based Stress
Reduction versus Active Control
Donal G. MacCoon1,2*, Katherine A. MacLean4,5, Richard J. Davidson1,2,3, Clifford D. Saron5,6,

Antoine Lutz1,2,7,8

1 Waisman Center for Brain Imaging and Behavior, University of Wisconsin–Madison, Madison, Wisconsin, United States of America, 2 Center for Investigating Healthy

Minds at the Waisman Center, University of Wisconsin–Madison, Madison, Wisconsin, United States of America, 3 Department of Psychology, University of Wisconsin–

Madison, Madison, Wisconsin, United States of America, 4 Department of Psychiatry and Behavioral Sciences, Johns Hopkins University School of Medicine, Baltimore,

Maryland, United States of America, 5 Center for Mind and Brain, University of California Davis, Davis, California, United States of America, 6 The Medical Investigation of

Neurodevelopmental Disorders Institute, University of California Davis, Davis, California, United States of America, 7 INSERM U1028, CNRS UMR5292, Lyon Neuroscience

Research Center, Brain Dynamics and Cognition Team, Lyon, France, 8 Lyon 1 University, Lyon, France

Abstract

Background: Mindfulness Based Stress Reduction (MBSR) is a secular form of meditation training. The vast majority of the
extant literature investigating the health effects of mindfulness interventions relies on wait-list control comparisons.
Previous studies have found that meditation training over several months is associated with improvements in cognitive
control and attention.

Methodology/Principal Findings: We used a visual continuous performance task (CPT) to test the effects of eight weeks of
mindfulness training on sustained attention by comparing MBSR to the Health Enhancement Program (HEP), a structurally
equivalent, active control condition in a randomized, longitudinal design (ClinicalTrials.gov, NCT01301105) focusing on a
non-clinical population typical of MBSR participants. Researchers were blind to group assignment. 63 community
participants were randomized to either MBSR (n = 31) or HEP (n = 32). CPT analyses were conducted on 29 MBSR participants
and 25 HEP participants. We predicted that MBSR would improve visual discrimination ability and sustained attention over
time on the CPT compared to HEP, with more home practice associated with greater improvements. Our hypotheses were
not confirmed but we did find some evidence for improved visual discrimination similar to effects in partial replication of
other research. Our study had sufficient power to demonstrate that intervention groups do not differ in their improvement
over time in sustained attention performance. One of our primary predictions concerning the effects of intervention on
attentional fatigue was significant but not interpretable.

Conclusions: Attentional sensitivity is not affected by mindfulness practice as taught in MBSR, but it is unclear whether
mindfulness might positively affect another aspect of attention, vigilance. These results also highlight the relevant
procedural modifications required by future research to correctly investigate the role of sustained attention in similar
samples.
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Introduction

Introduced more than 20 years ago [1], Mindfulness-Based

Stress Reduction (MBSR; [2]) provides a secular form of training

in mindfulness meditation for stress reduction and emotion

regulation. Mindfulness is a broad term that can encompass many

different meditation practices and cognitive skills, including skills

conceptualized as involving attention regulation and response

inhibition [3]. In the context of MBSR, Kabat-Zinn embraced a

broad view of mindfulness which he has defined as ‘‘paying

attention in a particular way: on purpose, in the present moment,

and non-judgmentally’’ [4], p. 4) and included a variety of

attention, emotional, and interoceptive techniques with clinical

efficacy (for a discussion of clinical effects, see [5]), such as yoga,
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body-focused practices, and walking and sitting meditation

involving compassion, self-acceptance, and breath awareness.

Reflecting a trend toward more detailed and mechanistic

accounts of MBSR – and meditation training more generally –

some authors have more rigorously explicated each of these latter

three components [6]. On the other hand, traditional Buddhist

accounts emphasize and clarify different aspects of meditation,

including focused attention meditation, which involves moment by

moment selective attention focused on a particular object (e.g.,

sensations associated with the breath), and open monitoring or

open presence meditation, which involves an open awareness of

any stimuli that occur in the present moment and a subsequent

shift away from a steady focus on one particular object [7].

Though a source of some debate (see [3]), the mindfulness

meditation taught in MBSR is likely to include aspects of both

types of meditation. The current study is part of this trend toward

a focus on mechanism generally, and sustained attention in

particular.

Sustained attention has been found to be related to intensive

meditation practice [8,9]. For instance, three months of intensive

vipassana practice led to reductions in trial-by-trial variability in

reaction times in a sustained attention task, a standard behavioral

marker of attention stability [8]. MacLean and colleagues [9]

found meditation-related improvements on a continuous perfor-

mance task (CPT) with participants randomly assigned to a three-

month residential focused attention meditation training program

(retreat 1) or the wait-list control condition (who then went on to

do their own three-month retreat 2). After retreat 1, individuals in

the meditation training group, but not those in the wait-list control

group, showed improvements in visual discrimination (ability to

discriminate targets from non-targets), but not improvements in

vigilance (performance over time). In retreat 2, vigilance was

related to visual discrimination: with visual threshold settings held

constant from pre to post retreat, individuals in retreat 2 showed

improvements in both visual discrimination and improvements in

sustained performance over time on the CPT. The overall pattern

of results from the Lutz et al. [2] and MacLean et al. [3] studies

suggests that meditation training can improve both visual

perceptual sensitivity and sustained attention.

Furthermore, there are theoretical reasons to suggest that

sustained attention may be trained in MBSR specifically. As

clarified by Lutz and colleagues [7], Mindfulness meditation is a

form of attentional control training by which individuals first

develop the ability to direct and maintain attention towards a

chosen object. To this end, mindfulness practice requires skills

involved in monitoring the focus of attention and in detecting

distraction, disengaging attention from the source of distraction,

and flexibly (re)directing and engaging attention to the intended

object. In addition to this training of attention, mindfulness

meditation cultivates the skill to maintain a non-judgmental, open

presence to the present moment. This form of meta-awareness

consists of non-reactively monitoring the content of experience

from moment-to-moment without being carried away by thoughts,

emotions, or perceptions. While MBSR seems to focus more on

the second aspect of mindfulness, it still offers exercises that aim at

strengthening attention control (e.g. breath awareness meditation).

It is thus plausible that MBSR affects sustained attention, even if it

may not be the dominant cognitive mechanism of action of MBSR

training. In addition, the formal practice of developing mindful

attention is carried out over periods of time similar to the sustained

attention task used in this study – 24 minutes – and therefore what

is cultivated during the formal practice of mindfulness could

reasonably be conjectured to transfer to such a task. Finally,

‘‘sustained attention’’ as measured in CPT-type tasks reflects the

transient and repeated application of the attentional skills of

detecting distraction and reorienting attention and is not, per se,

‘‘sustained’’ in the sense of absorption on an object in an

unwavering sense. This is another reason that the CPT-type task is

a good candidate for measuring changes in attention associated

with mindfulness meditation.

These theoretical and empirical issues raise the possibility that

sustained attention may be an active ingredient in less intensive

clinical interventions with meditation-naı̈ve populations. A recent

review of 23 meditation studies with adult samples and neuropsy-

chological measures [10] revealed mixed effects of mindfulness

training on different aspects of attention. However, only three of

the reviewed studies were randomized controlled trials involving

eight-week interventions (MBSR or Mindfulness-Based Cognitive

Therapy) and each of them used a wait-list condition as their

control [11–13]. Two studies focused on autobiographical

memory and meta-awareness, finding group differences in favor

of MBCT [12,13]. A third study [11] found no attention

differences between their MBSR and wait-list control groups in

sustained attention as measured by the Vigil Continuous

Performance Test (The Psychological Corporation), a task

involving the identification of a target letter (e.g., ‘‘K’’) in a series

of other letters.

This literature raises two issues that should be resolved. First,

there are inconsistent findings pointing to improvements in various

aspects of attention. Second, a significant weakness inherent in this

(and other clinical) research investigating mindfulness-based

trainings is the lack of a good control condition. To address these

issues, the present study uses a randomized, controlled, longitu-

dinal design (see [5]), focuses on sustained attention, using the

identical CPT as the MacLean et al study [9] (retreat 1), and

running concurrently with that study. Study participants complet-

ed their lab assessments from August, 2006 to April, 2007. One

potential benefit of using the same task as MacLean et al is that we

can gain some insight into the importance of training dosage on

attention effects since our study uses 8-week interventions while

theirs uses a 3-month intervention.

Second, we also used an active control condition, the Health

Enhancement Program (HEP), an intervention designed to isolate

mindfulness as a testable active ingredient while addressing the

three major limitations typical of active controls in behavioral

intervention research: researcher allegiance, structural equiva-

lence, and factors common to any effective group intervention [5].

This approach allowed us to test the effects of a less intensive dose

of meditation of more relevance to a typical population on the

identical task used by MacLean.

Using this framework, and consistent with some of the extant

literature, we hypothesized that MBSR would improve measures

of sustained attention compared to HEP and that home practice

would be associated with improvements in attention in MBSR

relative to HEP.

Methods

The protocol for this trial and supporting CONSORT checklist

are available as supporting information; see Checklist S1 and

Protocol S1.

Ethics Statement
All study and task details were approved by the UW-Madison

Health Sciences Internal Review Board. Participants provided

written informed consent for all study procedures.

No Sustained Attention in MBSR vs. Active Control
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Participants
Participants were recruited as part of a larger study comparing

MBSR and HEP (see [5] for details). In brief, participants were

recruited for a study on ‘‘health and well-being’’ and offered $475

plus a free ‘‘8 week Health Enhancement Program’’ or a free ‘‘8

week Mindfulness-Based Stress Reduction Class’’. After telephone

screening, 94 people attended one of four information sessions in

which the study was described by project scientists, the classes

were described by instructors, written consent was obtained, and

lab visits were scheduled. Participants were organized into two

cohorts based on schedules and class size restrictions, and

members of each cohort were randomized to intervention by a

logistical staff member through a random-number generator at the

time of assignment, and underwent identical procedures separated

by approximately 4 weeks. Our sample size was comparable to

other MBSR studies and power analyses based on effect sizes

reported in the literature. Participants were masked to research

questions and researchers were masked to intervention assignment

throughout data collection. As part of our effort to maximize the

potential effectiveness of both interventions, our inclusion/

exclusion criteria (see Table 1) included elements important for

both MBSR and HEP. For example, just as we required

inexperience in meditation practice prior to participating in

MBSR, we required relative inexperience in HEP components as

well (e.g., excluding participants with ‘‘Engagement in moderate

sport and recreational activities more than 5 times a week.’’). Data

were collected and analyzed at UW-Madison. All analyses

reported are based on participants who started and completed

their intervention. There was no significant difference in drop-out

between MBSR (1 person dropped, 3.2%) and HEP [3 people

dropped, 9.7%; F(1,60) = 1.05, n.s.]. Reasons for dropping,

discussions with participants, and dates of drop suggest random

life events as the cause (see Figure 1; see Table 2 for participant

demographic information).

Interventions
Both HEP and MBSR were structurally equivalent, having a

group format, and meeting once a week for 2.5 hours (3 hours for

first and last sessions) for 8 weeks with an ‘‘all day’’ component (9

a.m. to 4 p.m.) after week 6. Furthermore, all participants were

asked by their instructors to complete 45 minutes of practice at

home for 6 of 7 days each week. Analyses detailed in MacCoon, et

al. (2012) indicated no group differences in variables relevant to

structural equivalence, including drop status, number of classes

attended, length of time spent in class, or time spent on home

practice (on average, 1849 min of homework were completed

during an 8-week class, about 44 min of for 6 of 7 days per week

compared to 45 min assigned). The only exception to this was a

group difference in number of sessions of home practice completed

where HEP practiced more often than MBSR (M = 95.60 and

M = 61.19 sessions respectively).

The content of the HEP intervention met the following criteria:

(1) class activities were chosen to match MBSR activities as closely

as possible (see Table 3), (2) these activities represented valid,

active, therapeutic ingredients in their own right, and (3) these

ingredients did not include mindfulness. Thus, the purpose of

walking in MBSR is to cultivate awareness in movement, whereas

the purpose of walking in HEP is the benefits of the physical

activity for cardiovascular training and followed recommendations

from the Centers for Disease Control regarding intensity and

frequency of physical activity [14]. Similarly, the purpose of yoga

in MBSR is largely to cultivate nonjudgmental awareness of

physical sensations and respecting one’s own physical limits as they

change over time. In contrast, the purpose of the balance, posture,

and agility exercises in HEP’s functional movement is to augment

one’s physical strength, balance, agility and joint mobility resulting

in a physically more resilient individual less prone to sustain injury

from spontaneous or unpredictable events (e.g., tripping on a curb,

slipping on icy ground, lifting a heavy object; e.g., [15,16]). The

music therapy component included an exercise that matched the

body scan in several ways with a primary difference being the

importance of the music as the change agent rather than MBSR’s

emphasis on awareness of one’s own internal states. The nutrition

component included didactic material and reading, both modal-

ities used in MBSR but the content was not related to mindfulness.

For further details about the two interventions, see [5].

Procedure
Participants were asked to complete laboratory visits before the

classes began (and before random assignment was completed; T1),

after the classes ended (T2), and approximately 4 months following

completion of the classes (T3). The CPT was administered during

these laboratory visits. Task stimuli, instructions and administra-

tion procedures were identical to those used by MacLean and

colleagues [9] in their first study (retreat 1) except where noted.

The first, and possibly most important deviation, was the fact

that in our study participants were tested at T1 prior to being

randomized to group whereas in the MacLean et al. study,

participants knew their group assignment prior to being tested.

Specifically, McLean et al. randomly assigned participants to a

wait-list or retreat group. Both groups were assessed pre, mid, and

post a 3-month retreat (retreat 1). When this was complete, the

wait-list group was assessed again pre, mid, and post their 3-month

retreat (retreat 2).

Participants in our study were tested in a quiet, darkened room

using Presentation software (Neurobehavioral Systems, available

from http://www.neurobs.com) and a Windows laptop computer.

At each assessment, participants completed a threshold procedure

(,10 min) followed by a 24-min CPT (although this was 8 min

shorter than the task used by MacLean et al, the analysis in

MacLean et al focused on training-related improvements in

vigilance that were evident within the first 16 min of task

performance). In both tasks, participants saw a single vertical line

appear at the center of the screen. This line was either a frequent

(90%) long non-target or a rare (10%) short target. Stimuli

appeared for 150 ms, followed by a mask of dotted lines presented

during the variable interstimulus interval of 1550 to 2150 ms.

Speed and accuracy of responding was emphasized and partici-

pants responded by pressing a key on the computer keyboard

whenever a target appeared.

In the threshold procedure, the length of the target line varied

according to a parameter estimation (PEST) algorithm [17], which

determined the target line length that participants could correctly

detect at 75% accuracy. The length of the target on the CPT was

set to each participant’s threshold at each time point (T1 through

T3).

As in MacLean et al (2010) [9], a nonparametric index of

perceptual sensitivity (A9, [18]), was calculated from hit (correct

response to a target) and false alarm (incorrect response to a non-

target) rates for each of six continuous 120-trial blocks during the

CPT. Improvements in vigilance were operationalized as positive

(or less negative) changes in the slope of A9 during the first four

blocks of the task.

Participants with hit rates below 50% in block 1 of the CPT

(indicating lack of successful thresholding to 75% accuracy) were

removed (n = 5) from analyses. In addition, analyses were

conducted with and without participants who had outlier (.1.5

SD) A9 values for any block relative to their mean A9 for that

No Sustained Attention in MBSR vs. Active Control

PLOS ONE | www.plosone.org 3 June 2014 | Volume 9 | Issue 6 | e97551

http://www.neurobs.com


Figure 1. CONSORT diagram detailing retention rates by study phase and reasons for dropouts.
doi:10.1371/journal.pone.0097551.g001

No Sustained Attention in MBSR vs. Active Control
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timepoint. Because results were similar with and without these

outliers, analyses reported here include those participants. Data

with RTs greater than 2 SD from participant’s own mean for each

task half were removed. Furthermore, outliers were removed

based on boxplot graphs of A9 for the entire task and for first and

second half of the task for each time point. One participant was

removed as an extreme outlier for Time 1 A9. Another was

removed as the only participant with outlier A9 data for both

halves at Time 2. Finally, two participants were removed from

analyses who had extreme outlier scores on target threshold at any

time point. Thus, there were 29 MBSR participants and 25 HEP

participants for analyses. All analyses are conducted with

participants’ originally assigned interventions.

We also collected diary reports of both minutes and sessions of

class-related home practice during the intervention (between T1

and T2) and from the end of the intervention to the four-month

follow-up (between T2 and T3). By summing these data, we

created variables indicating practice minutes and sessions from T1

to T2 and the same variables extending from T1 to T3.

Self-report measures were also collected at each time point (see

[5] for details about the measures and primary self-report results).

Primary self-report measures included the 90-item Symptom

Checklist-90-R (SCL-90-R; [19]) consisting of nine subscales and

three global scales. The Global Severity Index (GSI) provides a

measure of overall psychological distress and has demonstrated

sensitivity to change and adequate internal consistency [20]. The

Table 1. Inclusion/Exclusion Criteria.

Inclusion criteria

Able to lie still in the scanner for 90 minutes

Meets MRI safety standards

Weighs under 300 pounds

18–65 years old

Right-handed

No previous experience with meditation.

No daily practice with other mind-body techniques (e.g., yoga, tai-chi, but previous exposure to yoga is okay)

In good general health as determined by the investigator

Able to walk

Able to understand and speak English

Able to provide written consent prior to admission

Able to see without glasses (as if looking through binoculars)

Exclusion Criteria

Diabetes

Peripheral vascular disease, peripheral arterial disease, Raynaud’s disease, or any other

diagnosed circulatory disorders

Body mass index (BMI) below 18.5

Any involuntary motor disorders

Allergic to adhesive tape

A history of problems of any kind during blood draws or needle phobia

2 or more of the following: Diagnosed hypertension, Hyperlipidemia, High cholesterol, Obesity, Smoke cigarettes, Family history of coronary or atherosclerotic disease
(parents/siblings prior to age 55)

Current medical disorders that might make interpretation of scan data difficult

Has a problem with alcohol or non prescription drugs

Currently uses or plans to start medications that affect CNS function, including psychotropics, opiate medication or corticosteroids, during the last 3 months (including
medications for anxiety, depression, or other psychological problems)

Takes inhaled steroids for asthma? (e.g., Fluticasone)

Takes any corticosteroids

Night shift workers (11 pm to 7 am) d/t potential disruption of cortisol level variability

Diabetes requiring insulin treatment

Has TMJ (Temporal Mandibular Joint) disorder or other problems with biting/chewing

Previous training in meditation

Currently meditates on a regular basis

Daily yoga, tai-chi, or Qigong practice

Engagement in moderate sport and recreational activities more than 5 times a week

Engagement in vigorous sport and recreational activities more than 4 times a week

Not able to attend an informational session, all class meetings, and all clinic visits

doi:10.1371/journal.pone.0097551.t001

No Sustained Attention in MBSR vs. Active Control
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depression, anxiety, and hostility subscales also were used

(Cronbach’s alpha = .90, .85, and .84 respectively; test-retest

reliabilities are r = .82, .80, and .78 respectively). The Medical

Symptoms Checklist (MSC; [21]) measures the number of medical

symptoms participants’ experienced as problems in the last month.

While the MSC has demonstrated sensitivity to change in past

studies of MBSR [22], no further psychometric data is available.

Results

Discrimination (Target Height)
Target height (the length of the short line determined by the

visual threshold procedure) served as an index of participants’

ability to discriminate between target and non-target lines, with

increases in target height indicating better visual discrimination

(see [9]). To test the effects of Intervention, Time, and their

interaction, univariate ANOVAs. We report repeated-measures

ANOVAs as our primary analyses for these measures to facilitate

comparison with MacLean et al (2010) [9] but report HLM-based

results when they differ. Univariate ANOVAs were calculated

using intervention as a between-participant variable and the

Target Height for each time point (T1, T2, and T3) as a repeated,

within-participant variable. There were significant linear main

effects of time, F(1, 49) = 9.44, p = .003, g2 = .16, indicating that

Target Height increased at each time point (M = 96.93, 99.14, and

100.34 respectively). There were no other significant effects.

Because target height was calibrated at each time point, any group

differences in target height have the effect of making the task more

difficult for the group with the greater target height. Thus, we

performed simple comparisons in the form of univariate analyses

for each time point, with Target Height as the dependent variable

and Intervention as the between-participant variable. There were

no group effects at any time point [T1: F(1, 56),1; T2: F(1,

51) = 3.24, p = .08, g2 = .06; T3: F(1, 49),1], though the Time 2

trend is toward a higher Target Height for the MBSR relative to

the HEP group (M = 101.35 and 97.25 respectively; see Table 4

for discrimination means by time and intervention). However,

when Hierarchical Linear Models (HLM) were applied to test

these effects, the estimated coefficient for the Intervention6Time

(T1, T2, T3) effect was 21.796, p = .021 (with robust standard

errors), implying that the MBSR group was able to identify targets

at a reduced target height at T2 and T3 relative to HEP.

Finally, we found no significant correlations between Target

Height change and either total minutes of practice or sessions of

practice from T1 to T2 (all r’s,.09) or from T1 to T3 (the

presence of two outliers in the HEP group was responsible for a

significant correlation between Target Height change from T1 to

T3 and Total practice minutes over the same time period,

r(44) = .49, p = .04, which was seen in the HEP group, r(21) = .43,

p = .05, rather than the MBSR group, r(23) = .17, n.s.).

Average Sensitivity
Similar to Maclean and colleagues (2010), we tested for overall

group differences in ability to discriminate between targets and

non-targets by computing average sensitivity (A9) collapsing across

blocks. We found no group differences in average A9 (across all 6

blocks) at any time point (all F’s,1), nor were their Inter-

vention6Time interactions between T1 and T2 (all F’s,2.5) or

between T1 and T3 (all F’s,1.3; see Table 4 for sensitivity by time

and intervention). We also found no correlations between average

A9 differences between T1 and T2 or between T1 and T3 and our

measures of practice (the only significant correlation was between

Average A9 from T1 to T3 and Total practice sessions and only for

the MBSR group, r(23) = .43, p = .04, but was due to the presence
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of one outlier). We also found no significant Intervention6Time

interactions for the relationship between Target Height and A9

either between T1 and T2 (F,1.2) or between T1 and T3 (F,1).

Finally, there were no Intervention6Time interactions for the

relationship between average A9 and our primary self-report

measures between T1 and T2 (all F’s,1.3, except the Inter-

vention6Time effect for the MSC, which was also non-significant

but had a larger F-value, F(1,40) = 2.46, p = .13.) or between T1

and T3 (all F’s,1.3).

Vigilance
Using hierarchical linear models (HLMs), we modeled changes

in vigilance as a function of the random effects of block (slope) and

group, and their interaction, with random intercepts to allow for

individual differences in initial performance (A9 during block 1)

and random slopes. We used random slopes as opposed to fixed

slopes so as to treat subjects as the units of analysis in testing for

intervention effects, as subjects were the level at which random-

ization was applied. Though MacLean et al (2010) reported their

results based on analyses with fixed slopes, their results were

similar when random slopes were used. Furthermore, the results

we report use threshold as a covariate. Both our results and

MacLean’s results were similar when threshold was used as a

covariate. The estimated coefficient for the Intervention6Time

(T1, T2)6Block effect was .0114, p = .006 (with robust standard

errors), implying that the MBSR group showed .011 units

improved vigilance (negative A9 slope) on the task at T2 compared

to HEP, controlling for vigilance at T1 (see Figure 2). Although

this effect implies confirmation of our hypothesis, further

inspection revealed that the result is likely due to the fact that

the MBSR group performed more poorly than the HEP group in

early blocks at T2 relative to HEP (see Figure 3). Thus, the flatter

slope (implying less fatigue) is not consistent with our hypothesis

(see Table 4 for vigilance slopes by time and intervention). Because

slope appeared inadequate as a model of sustained attention/

fatigue, we attempted a number of alternative ways of modeling

fatigue effects, including quadratic approaches, and became

confident that the significant interaction was not consistent with

our hypothesis that MBSR training improved sustained attention

(or less fatigue) relative to HEP training. There was no significant

Intervention6Time (T1, T3)6Block effect at T3 (results did not

differ substantively with analyses involving various outlier strate-

gies).

Hierarchical linear models used to investigate the relationship

between changes in sustained attention and both self-report

measures at T1 and changes over time in self-report measures

revealed no significant effects. Hierarchical linear models were also

used to investigate the effects of minutes and sessions of home

practice on changes in sustained attention. Controlling for these

respective practice effects in separate HLMs did not change the

vigilance results reported above. There were no significant

Intervention6Time interactions for change in slope and our

primary self-report measures. Finally, there were no statistically

significant effects of practice on A9 slope across sessions and no

interaction with group.

Discussion

In the present study, we investigated the effect of mindfulness

training on sustained attention, hypothesizing that MBSR would

improve sustained attention, as measured by a visual continuous

performance task (CPT), compared to a novel active control group

(HEP). Some of our results are consistent with our predictions and

Table 3. Intervention content comparison.

MBSR HEP

In-Class Homework In-Class Homework

Body Scan Body Scan and light reading Music Therapy: Relax, listen to music,
imagery, and drawing

Relax, listen to music, imagery, and
drawing

Sitting Meditation Body Scan, Sitting Meditation,
and light reading

Nutrition Education around Food Guide
Pyramid

Planning meals, tracking diet, food
labels, journaling

Yoga Alternate Yoga and Body Scan,
and Sitting Meditation

Functional Movement (posture, balance,
core movement)

Posture, balance, coordinated
movement

Walking Meditation Walking and other practices Physical Activity (walk/jog, stretch) Walking and stretching

All Day (7 hours): Work with all
practices, Group
discussion & exercises

– ‘‘Spa Day’’ (7 hours): Work with all
practices, Group discussion & exercises

–

doi:10.1371/journal.pone.0097551.t003

Table 4. Means by Intervention and Time for Discrimination (Target Height), Sensitivity (Average A9), and Vigilance (A9 slope over
blocks).

HEP MBSR

T1 T2 T3 T1 T2 T3

Discrimination 95.83 97.25 99.61 98.04 101.35 101.07

Average Sensitivity 0.91 0.91 0.90 0.91 0.90 0.91

Vigilance 20.021 20.017 20.024 20.014 20.009 20.014

doi:10.1371/journal.pone.0097551.t004
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replicate the results from MacLean et al (2010) [9] and some do

not.

Whereas MacLean and colleagues [9] found a significant group

effect of discrimination (g2 = .09; as measured by Target Height) in

which the meditation retreat group showed increases in discrim-

ination post-training relative to the wait-list group, the analogous

comparison in our study (using the same statistical method of a

repeated-measures ANOVA) revealed only a trend (p = .08,

g2 = .06) in the same direction, with MBSR participants tending

to have a higher Target Height at T2 relative to HEP (M = 101.35

and 97.25 respectively). However, when HLM was used as the

statistical method, the estimated coefficient for the Intervention6
Time (T1, T2, T3) effect was significant, implying that the MBSR

group was able to identify targets at 75% accuracy at a reduced

target height at T2 and T3 relative to HEP. The R2 for the effect

from T1 to T2 was about .02, corresponding to a small-to-medium

effect size with a Cohen’s d of about .26. The R2 for the effect from

T1 to T3 was about .05, corresponding to a medium effect size

with a Cohen’s d of .53 (we converted our observed HLM effects

into traditional effect size measures that reflected the difference

between intervention groups divided by the pooled within-group

standard deviation of effects, as quantified in our HLM models).

Our null results for average sensitivity (A9) and similar results for

A96time were also consistent with MacLean and colleagues [9],

retreat 1. The latter effect had an R2 of about .42, a large effect

size corresponding to a Cohen’s d of 1.73, assuming effect sizes are

defined in relation to the residual standard deviation of A9 slopes

within session. Our study was powered for this effect (power of .80

at alpha of .05 requires about 16 participants per group).

Like MacLean et al (2010) [9], we predicted improvements in

vigilance as a result of mindfulness training. Unlike MacLean et al

(2010) [9], retreat 1, who did not find group differences in

vigilance (as measured by changes in A9 over blocks) pre-post

intervention, we did find a significant intervention6time (T1,

T2)6block interaction consistent with our prediction. However,

this two-part hypothesis requires (1) equal A9 intercepts for both

groups (or MBSR higher), and (2) a flatter A9 slope for MBSR

across blocks relative to HEP; as the HLM model (Figure 2) and

Figure 2. Graph based on an HLM model of A9 data for each block by time point for both MBSR and HEP participants. A9 is a
nonparametric version of D9, an index of perceptual sensitivity [18] in which a score of 1 represents perfect discrimination between targets and
distractors, .5 represents an inability to distinguish target from distractors, and a score below .5 indicates response confusion.
doi:10.1371/journal.pone.0097551.g002

Figure 3. Graphs of A9 data (with 1 SE error bars) for each block by time point for both MBSR and HEP participants.
doi:10.1371/journal.pone.0097551.g003
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raw data (Figure 3) suggest, this significant result is consistent with

the latter but not the former. Thus, this result is not interpretable.

Finally, our predictions that improvements in attention would

be moderated by class practice were also not confirmed. Likewise,

CPT indices were also not related to changes in self-report

measures over time by intervention.

In summary, the following results replicate those found by

MacLean et al (2010) [9] for their first retreat: a null result for

sensitivity, and a significant result for Discrimination. For

vigilance, MacLean et al (2010) [9] found no Intervention6Time

interaction whereas we found a significant Intervention6Time

effect for vigilance that is not interpretable.

Because our study ran concurrently with MacLean et al.’s first

retreat, we were unable to change our procedure as they did for

their second cohort (retreat 2). Specifically, in their second cohort,

instead of calibrating Target Height for each participant at each

time point, MacLean et al used the Target Height determined at

the beginning of retreat 2 for all subsequent time points. With this

change in procedure for their second cohort, MacLean et al found

that meditation retreat participants showed increases in visual

discrimination, overall sensitivity (A9 collapsed across blocks) and

vigilance over time compared to these same participants when

they were wait-list controls. Given that the null vigilance results in

the present study are similar to those in MacLean et al (for retreat

1), and that MacLean et al found improvements in vigilance in a

second cohort, it seems promising to replicate the procedures used

in MacLean et al’s retreat 2 in a future study. Only then would be

able to investigate primary questions of interest: namely, the effect

of using an active control condition (in addition to a wait-list

control condition) and the effect of training dose (8 weeks versus 3

months).

In the meantime, our results suggest four other possible

conclusions. First, it is possible that MBSR training does not

improve sustained attention per se, but exerts effects on attention

through indirect mechanisms, such as compassion for self and

others; attitudes such as patience and curiosity; insight into various

aspects of interpersonal relationships, mental life, emotions, and

behavior; and equanimity.

Second, it is possible that MBSR training does not improve

sustained attention, but affects other aspects of attention. Indeed,

changes in attention have been found as a result of MBSR,

including in the orienting sub-component of voluntary-dorsal

attention networks [23], in interoceptive attention [24], selective

attention, perception, and visual working memory [25]. In other

words, if we had used one more of these other tasks, we might have

found significant attention effects. Brief training over time has also

been associated with increased ability to focus attention as

measured by EEG [26]. However, only the study by Jensen and

colleagues involved a non-waitlist control.

Third, it is possible that 8 weeks of MBSR training does not

provide a sufficient dose to achieve measureable changes in

sustained attention specifically. The findings on MBSR-induced

effects on sustained attention are not currently conclusive.

Whereas [27] reported an effect of MBSR on vigilance, the two

studies quoted above, found rather an effect of MBSR on selective

attention [23,25]. These mixed finding could be an indication of

the small effect size of this effect. Indeed, more intensive

mindfulness training has been associated with larger attention

effects. Brown and colleagues [28] found increased perceptual

discrimination in participants of a 3-month mindfulness retreat

compared to a retreat staff control group. Slagter and colleagues

[29] found that participants of a 3-month retreat had improved

attentional performance on a rapid serial visualization task than

demographically matched, naı̈ve controls with minimum medita-

tion training. Of most relevance, Lutz and colleagues found that a

three month retreat reduced trial-to-trial variability in reaction

time and brain response during a sustained attention task

compared to a wait-list control [8]. Of course, MacLean and

colleagues (2010) [9] also found their effects in a 3-month retreat.

Fourth, MBSR is a secular form of intervention whereas other

research, including MacLean et al, investigates more traditional

Buddhist training. For future research it is important to note that

the mode (secular vs. non-secular) and context of training

(residential retreat vs. community-based groups) is often con-

founded with length of training (weeks vs. months). This presents a

challenge for research interested in identifying the active

ingredients and effective dose of meditation training. In the

present case, it is possible that each of these factors account for our

null findings relative to the findings of MacLean et al.

Whatever conclusion future research proves most compelling,

our findings are likely to be generalizable to a typical MBSR

population given our focus on recruiting such a population and the

typical nature of the MBSR intervention itself. The only

limitations to this generalizability are due to eligibility criteria

for the study itself (Table 1).

In conclusion, our results are largely consistent with those

reported by MacLean and colleagues [9], retreat 1, in which CPT

procedures were nearly identical to ours. This fact, and the

significant attention effects found by MacLean and colleagues in

retreat 2, suggest that relatively minor procedural changes are

important to include in future studies. When such changes are

incorporated, future studies will be able to test attention effects

related to intensity/duration of training (community groups for 8

weeks vs. residential retreat for 3 months) and type of control

group (active control group vs. wait-list), two variables that may

account for the smaller effects found in the current study relative to

MacLean et al.’s study.

Supporting Information

Checklist S1 CONSORT checklist.

(DOC)

Protocol S1 Trial Protocol.

(DOC)

Acknowledgments

We wish to thank Dan Bolt for his help with HLM analyses, as well as John

Curtin, Kristin Javares, Dana Tudorascu, and Alex Shackman for other

statistical consultations. Finally, we wish to thank Melissa Rosenkranz for

her comments and help on related data.

Author Contributions

Conceived and designed the experiments: DGM KAM RJD CDS AL.

Performed the experiments: DGM. Analyzed the data: DGM KAM AL.

Contributed reagents/materials/analysis tools: KAM. Wrote the paper:

DGM KAM RJD CDS AL.

References

1. Kabat-Zinn J (1984) An outpatient program in behavioral medicine for chronic

pain patients based on the practice of mindfulness meditation: Theoretical

considerations and preliminary results. ReVISION 7: 71–72.

2. Kabat-Zinn J (1990) Full Catastrophe Living: Using the Wisdom of Your Body

and Mind to Face Stress, Pain, and Illness. New York: Delacorte Press.

Available: http://ezproxy.library.wisc.edu/login?url = http://search.ebscohost.

No Sustained Attention in MBSR vs. Active Control

PLOS ONE | www.plosone.org 9 June 2014 | Volume 9 | Issue 6 | e97551

http://ezproxy.library.wisc.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2006-04192-000&site=ehost-live


com/login.aspx?direct = true&db = psyh&AN = 2006-04192-000&site = ehost-

live.
3. Williams JMG, Kabat-Zinn J (2011) Mindfulness: diverse perspectives on its

meaning, origins, and multiple applications at the intersection of science and

dharma. Contemp Buddhism 12: 1–18.
4. Kabat-Zinn J (1994) Wherever you go, there you are: Mindfulness meditation in

everyday life. New York: Hyperion.
5. MacCoon DG, Imel ZE, Rosenkranz MA, Sheftel JG, Weng HY, et al. (2012)

The validation of an active control intervention for Mindfulness Based Stress

Reduction (MBSR). Behav Res Ther 50: 3–12. Available: http://www.ncbi.nlm.
nih.gov/pubmed/22137364. Accessed 5 October 2012.

6. Shapiro SL, Carlson LE, Astin JA, Freedman B (2006) Mechanisms of mindfulness.
J Clin Psychol 62: 373–386. Available: http://ezproxy.library.wisc.edu/

login?url = http://search.ebscohost.com/login.aspx?direct = true&db = cmedm&
AN = 16385481&site = ehost-live.

7. Lutz A, Slagter HA, Dunne JD, Davidson RJ (2008) Attention regulation and

monitoring in meditation. Trends Cogn Neurosci 12: 163–169.
8. Lutz A, Slagter HA, Rawlings NB, Francis AD, Greischar LL, et al. (2009)

Mental training enhances attentional stability: neural and behavioral evidence.
J Neurosci 29: 13418–13427.

9. MacLean KA, Ferrer E, Aichele SR, Bridwell DA, Zanesco AP, et al. (2010)

Intensive meditation training improves perceptual discrimination and sustained
attention. Psychol Sci 21: 829–839. Available: http://www.pubmedcentral.nih.

gov/articlerender.fcgi?artid = 3132583&tool = pmcentrez&rendertype = abstract.
Accessed 9 November 2012.

10. Chiesa A, Calati R, Serretti A (2011) Does mindfulness training improve
cognitive abilities? A systematic review of neuropsychological findings. Clin

Psychol Rev 31: 449–464. Available: http://www.ncbi.nlm.nih.gov/pubmed/

21183265. Accessed 2 November 2012.
11. Anderson ND, Lau MA, Segal ZV, Bishop SR (2007) Mindfulness-based stress

reduction and attentional control. Clin Psychol Psychother 14: 449–463.
12. Hargus E, Crane C, Barnhofer T, Williams JMG (2010) Effects of Mindfulness

on Meta-Awareness and Specificity of Describing Prodromal Symptoms in

Suicidal Depression. Emotion 10: 34–42.
13. Williams JMG, Segal ZV, Teasdale JD, Soulsby J (2000) Mindfulness-based

cognitive therapy reduces overgeneral autobiographical memory in formerly
depressed patients. J Abnorm Psychol 109: 150–155.

14. Haskell WL, Lee I, Pate RR, Powell KE, Blair SN, et al. (2007) Physical Activity
and Public Health: Updated Recommendation for Adults from the American

College of Sports Medicine and the American Heart Association. Med Sci Sport

Exerc: 1423–1434.
15. Hu MH, Woollacott MH (1994) Multisensory training of standing balance in

older adults: II. Kinematic and electromyographic postural responses. J Gerontol
49: M62–71.

16. McGuine TA, Keene JS (2006) The Effect of a Balance Training Program on

the Risk of Ankle Sprains in High School Athletes. Am J Sports Med 34: 1103–

1111.

17. Taylor MM, Creelman CD (1967) PEST: Efficient estimates on probability

functions. J Acoust Soc Am 41: 782–787.

18. Stanislaw H, Todorov N (1999) Calculation of signal detection theory measures.

Behav Res Methods, Instruments, Comput 31: 137–149.

19. Derogatis LR (1983) SCL-90-R administration, scoring and procedures manual

II. Towson, MD: Clinical Psychometric Research.

20. Thompson C (1989) Anxiety. In: Thompson C, editor. The instruments of

psychiatric research. New York: Wiley. pp. 127–155.

21. Travis JW (1977) Wellness Workbook for Health Professionals. Mill Valley, CA:

Wellness Resource Center.

22. Kabat-Zinn J (1982) An outpatient program in behavioral medicine for chronic

pain patients based on the practice of mindfulness meditation: Theoretical

considerations and preliminary results. Gen Hosp Psychiatry 4: 33–47.

Available: http://ezproxy.library.wisc.edu/login?url = http://search.ebscohost.

com/login.aspx?direct = true&db = psyh&AN = 1985-01954-001&site = ehost-

live.

23. Jha AP, Krompinger J, Baime MJ (2007) Mindfulness training modifies

subsystems of attention. Cogn Affect Behav Neurosci 7: 109–119. Available:

http://www.springerlink.com/index/10.3758/CABN.7.2.109. Accessed 12

March 2013.

24. Farb NAS, Segal Z V, Anderson AK (2013) Mindfulness meditation training

alters cortical representations of interoceptive attention. Soc Cogn Affect

Neurosci 8: 15–26. Available: http://www.ncbi.nlm.nih.gov/pubmed/

22689216. Accessed 5 March 2013.

25. Jensen CG, Vangkilde S, Frokjaer V, Hasselbalch SG (2012) Mindfulness

training affects attention–or is it attentional effort? J Exp Psychol Gen 141: 106–

123. Available: http://www.ncbi.nlm.nih.gov/pubmed/21910559. Accessed 28

February 2013.

26. Moore A, Gruber T, Derose J, Malinowski P (2012) Regular, brief mindfulness

meditation practice improves electrophysiological markers of attentional control.

Front Hum Neurosci 6: 18. Available: http://www.pubmedcentral.nih.gov/

articlerender.fcgi?artid = 3277272&tool = pmcentrez&rendertype = abstract. Ac-

cessed 1 March 2013.

27. Semple RJ (2010) Does mindfulness meditation enhance attention? A

randomized controlled trial. Mindfulness (N Y) 1: 121–130.

28. Brown D, Forte M, Dysart M (1984) Visual sensitivity and mindfulness

meditation. Percept Mot Skills 58: 775–784. Available: http://www.ncbi.nlm.

nih.gov/pubmed/6382145. Accessed 7 December 2012.

29. Slagter HA, Lutz A, Greischar LL, Francis AD, Nieuwenhuis S, et al. (2007)

Mental training affects distribution of limited brain resources. PLOS Biol 5: 1.

No Sustained Attention in MBSR vs. Active Control

PLOS ONE | www.plosone.org 10 June 2014 | Volume 9 | Issue 6 | e97551

http://ezproxy.library.wisc.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2006-04192-000&site=ehost-live
http://ezproxy.library.wisc.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2006-04192-000&site=ehost-live
http://www.ncbi.nlm.nih.gov/pubmed/22137364
http://www.ncbi.nlm.nih.gov/pubmed/22137364
http://ezproxy.library.wisc.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=16385481&site=ehost-live
http://ezproxy.library.wisc.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=16385481&site=ehost-live
http://ezproxy.library.wisc.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=16385481&site=ehost-live
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3132583&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3132583&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/21183265
http://www.ncbi.nlm.nih.gov/pubmed/21183265
http://ezproxy.library.wisc.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1985-01954-001&site=ehost-live
http://ezproxy.library.wisc.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1985-01954-001&site=ehost-live
http://ezproxy.library.wisc.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1985-01954-001&site=ehost-live
http://www.springerlink.com/index/10.3758/CABN.7.2.109
http://www.ncbi.nlm.nih.gov/pubmed/22689216
http://www.ncbi.nlm.nih.gov/pubmed/22689216
http://www.ncbi.nlm.nih.gov/pubmed/21910559
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3277272&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3277272&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/6382145
http://www.ncbi.nlm.nih.gov/pubmed/6382145

