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1. Introduction

People who have undergone extensive meditation training have shown improvements on cognitive performance (Cahn &
Polich, 2006) and mood (Davidson et al., 2003). Long-term meditation practice has been found to enhance attentional (Jha,
Krompinger, & Baime, 2007) and visuospatial processes (Kozhevnikov, Louchakova, Josipovic, & Motes, 2009). For example,
3-months of intensive meditation training (10-12 h/day) improved the ability to sustain attention during a dichotic listening
task as evidenced by faster reaction times in response to a deviant tone, and reduced attentional blink responses when com-
pared to controls (Lutz et al., 2009; Slagter, Lutz, Greischer, Nieuwenhuis, & Davidson, 2009; respectively). Moore and Mal-
inowski (2009) found that self-reported mindfulness was positively correlated with sustained attention in experienced
Buddhist meditation practitioners, when compared to controls. Additionally, long-term meditation practice has been found
to reduce attentional blink in older adults when compared to age-matched and younger adults (van Leeuwen, Muller, & Mel-
loni, 2009). In a study employing neuroimaging (Short et al., 2007), extensive meditation training heightened activation in
executive attention networks that was correlated with improvements in sustained attention and error monitoring. These
findings provide growing evidence of mindfulness meditation’s (MM) promotion of higher-order cognitive processing; spe-
cifically facets of conflict monitoring and cognitive control processes.

Mindfulness Based Stress Reduction (MBSR) programs, which are usually 8 weeks in duration and combine mindfulness
meditation and gentle yoga, have been found to improve mood and affective processes (Nyklicek & Kuijpers, 2008); and are
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associated with improvements in immune system functioning (Davidson et al., 2003), stress (Carlson, Speca, Faris, & Patel,
2007), and emotional regulation (Nielsen & Kaszniak, 2006). MBSR programs are based on teaching participants to react non-
judgmentally to stressful events by focusing on automatic and dynamic stimuli (breath; body; eating; walking). As partic-
ipants cultivate these skills, top-down control processes regulate affective appraisals that lead to a reduction in stress re-
sponses (Grossman, Niemann, Schmidt, & Walach, 2004). In an elegant study, a MBSR program promoted decreases in
stress ratings which were correlated with reductions in amygdala gray matter density; providing objective evidence for
the positive effects of MBSR on stress (Holzel et al., 2009).

Although advantageous to well-being, MBSR programs require extensive time and financial commitment. Consequently,
most individuals do not have the time or resources to participate in extensive meditation interventions and few will choose
the monastic lifestyle that is often associated with Buddhist contemplatives. Studying adept meditators is invaluable to
understanding the aptitude of human consciousness, however, it is important to investigate whether briefer formats of men-
tal training can provide some of the benefits that result from longer interventions.

MM is a mental practice based on focusing on the sensations of the breath/body while maintaining a relaxed state of
mind. During formal meditation practice, distractions will arise and the meditator is taught to acknowledge discursive
thoughts, and non-judgmentally return his/her attention back to their breathing (Wallace, 2006). Mindfulness training cul-
tivates moment-to-moment awareness of the self and environment (Wallace, 2006). To this extent, mindfulness training
heightens meta-cognitive processing (Austin, 1998). Meta-cognition is the conscious awareness of cognitive control pro-
cesses (Fernandez-Duque, Baird, & Posner, 2000). Improvements in meta-cognition are related to the ability to restrict bot-
tom-up processing of exogenously/endogenously driven, task-irrelevant information (Posner & Rothbart, 1998). Extensive
training in mindfulness has been found to improve alerting and conflict monitoring Cahn & Polich, 2006; Jha et al., 2007),
therefore mindfulness meditation training can hypothetically enhance meta-awareness. This process improves attention
sustainability by teaching subjects to “release” cognitive appraisals of irrelevant information. So far, however, the cognitive
benefits associated with mindfulness have been limited to studies examining adept meditators (Cahn & Polich, 2006).

Although research examining the effects of extensive meditation interventions is growing, the effects of brief mental
training on mood and cognition are relatively unknown. We examined whether 4 days (20 min/day) of MM training affects
behavioral markers of cognition and mood. Tang et al. (2007) reported that 5 days of Integrative Body Mind Training im-
proved mood and cognitive processes. However, Integrative Body Mind Training incorporates various techniques (e.g. mind-
fulness, guided-imagery, music therapy) leaving it hard to decipher if mindfulness was the mechanism underlying
improvements. A recent study (Zeidan, Gordon, & Goolkasian, 2009) found that 3 days of MM training was effective at reduc-
ing pain ratings and sensitivity, as well as anxiety scores when compared to baseline and other cognitive manipulations, such
as relaxation and a math distracter task. A similar training regimen improved mood and reduced heart rate when compared
to a sham MM and control group (Zeidan, Johnson, Gordon, & Goolkasian, in press).

The present study builds on our previous work by examining if the effects of brief meditation training can be found on
cognitive tasks with varying demands on working memory, sustained attention, visual coding, and verbal fluency. We used
the Symbol Digit Modalities Test and the n-back task to measure working memory, processing speed, and executive atten-
tion; the forward and backward digit span to measure immediate attention span, and the Controlled Oral Word Association
Test to measure verbal fluency. Based on prior research (Cahn & Polich, 2006), we expected that these tasks would be the
most sensitive to the effects of meditation. We also expected that brief MM training, when compared to a group that listened
to a book recording, would promote positive mood, as measured by the Center for Epidemiologic Studies Depression scale
(CES-D), State Anxiety Inventory, and the Profile of Mood States.

2. Methods
2.1. Participants

Sixty-three University of North Carolina, Charlotte students volunteered for the experiment in fulfillment of General Psy-
chology requirements. The participants were recruited from those who were interested in learning meditation and who had
no prior meditation experience. The consent form explained that subjects would be randomly assigned to a meditation or a
book listening group. Group assignment depended upon the week that the participant signed up for the study. Seven par-
ticipants from each of the groups did not complete the protocol and their data were not included. From the remaining par-
ticipants, 24 were assigned to the meditation group and 25 to the control. Table 1 compares the groups on demographic (age;
gender; ethnicity) and baseline measures and shows that there were no differences. The median age was 20 years. Sixty-one
percent of the participants were White, 25% were African-American, 2% were Asian, and 4% were biracial, Native American,
and Hispanic.

2.2. Interventions
2.2.1. Mindfulness meditation

Mindfulness training was modeled on basic Shamatha skills (Wallace, 2006). Meditation training was conducted by a
facilitator with 10 years experience in teaching MM. In session one, small groups of three to five participants were instructed
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Table 1
Mean (SD) scores for each group on baseline measures.
Meditation Controls t/x* P

Age 22 (7.90) 23 (8.36) .66 51
Caucasian 67% 56% 712" 21
Female 63% 56% 21 64
Self-report measures
Freiburg Mindfulness Inventory 43.33 (8.57) 47.00 (8.24) 1.53 13
State Anxiety Inventory 36.75 (10.72) 35.28 (9.59) .51 .61
POMS 15.21 (26.39) 12.00 (27.49) 42 .68
CES-D 15.21 (7.82) 13.08 (10.13) .81 42
Cognitive measures
SDMT 58.79 (10.78) 59.52 (10.51) .24 .81
Forward digit span 10.88 (2.58) 10.84 (2.15) .05 .96
Backward digit span 6.58 (2.60) 6.72 (1.99) 21 .84
COWAT 35.92 (8.61) 36.72 (9.74) 31 .76
Extended hit rate 2.38 (3.41) 3.48 (4.58) 1.33 .19
Accuracy proportion .70 (.07) .68 (.13) .73 47
Processing speed? 130.03 (139.76) 104.74 (116.74) .63 .53

df=1,47. (SD) Standard deviations are given in parentheses. POMS (Total Profile Mood State). CES-D (Center for Epidemoplogic Studies Depression Scale), SDMT
(Symbol Digit Modalities Test), COWAT (Controlled Oral Word Association).

¢ Processing speed measured in seconds.
" p<.05.

to relax, with their eyes closed, and to simply focus on the flow of their breath occurring at tip of their nose. If a random
thought arose, they were told to passively notice and acknowledge the thought and to simply let “it” go, by bringing the
attention back to the sensations of the breath. In subsequent sessions (2-4), participants worked on developing mindfulness
skills. For example, in sessions 2 and 3, subjects were taught to focus on the full breath, that is, to focus on the sensations of
the breath from the nostrils to the abdomen and back. Participants were also taught to notice and focus on any sensations
that arose in the body, and to simply acknowledge those feelings and then to return their attention back to their breath (Wal-
lace, 2006). Session 4 was premised on developing the skills established in the previous sessions, however, more time was
spent in silence so that participants could meditate. As a manipulation check, each subject was asked after each meditation
session, “Did you feel that you were truly meditating?” Across all sessions, participants were consistent in acknowledging
that they were truly meditating.

2.2.2. Control group

Control participants were instructed to listen in small groups to JRR Tolkein’s The Hobbit on compact disc (BBC audiobooks
Ltd., 1997). The beginning of the story was played in session 1 and the following sessions (2-4) continued with the story.
They were instructed to silence cell phones and any electronics, sit quietly and listen to the audio book. A research assistant
sat with the participants to monitor attentiveness during the listening task.

3. Materials
3.1. Self-report measures

We administered the Freiburg Mindfulness Inventory, State Anxiety Inventory, CES-D, and Profile of Mood States on ses-
sion 1 before the interventions and on session 4 after the interventions. The Profile of Mood States (McNair, Loor, & Drop-
pleman, 1971) is a 65-item inventory that measures current mood state by rating adjective like statements (e.g. I feel
calm) on a Likert scale (0-4). It consists of six subscales: tension, depression, confusion, fatigue, anger, and vigor: and a total
negative mood score is calculated by subtracting the vigor scale from the sum of the remaining subscales.

The CES-D (Radloff, 1997) is a well-validated, 20-item, scale that measures depressive symptomatology. Subjects were
asked to rate statements, based on the “last week,” such as I felt happy” and “I felt depressed” on a four point Likert scale
(0-3) and scores range from 0 to 60 with higher scores indicating higher levels of depression.

The Freiburg Mindfulness Inventory is a 14-item assessment that measures the experience of mindfulness (Walach, Buch-
held, Buttenmuller, Kleinknecht, & Schmidt, 2006). It is a psychometrically valid instrument with high internal consistency
(Cronbach alpha =. 93) (Baer, Smith, Hopkins, Krietemeyer, & Toney, 2007). Statements like “I am open to the experience of
the present moment,” are rated on a four-point scale from 1 (rarely) to 4 (always). Scores range from 14 to 56 and higher scores
indicate a greater degree of mindfulness. The Freiburg Mindfulness Inventory served as a manipulation check on participants’
ability to engage in a “mindful” state, and was also used to measure changes in mindfulness that resulted from the training.

The State Anxiety Inventory is a 20-item scale designed to measure state anxiety (Spielberger, 1983). It has high internal
consistency with Cronbach’s alpha of .73 (Spielberger, 1983). Statements like “I feel worried,” are rated on a four-point scale
from 1 (not at all) to 4 (very much so). Scores range from 20 to 80 and higher scores indicate higher levels of anxiety.
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3.2. Cognitive measures

Standardized cognitive tasks, as well as a computer adaptive n-back task, were administered before (session 1) and after
(session 4) the intervention. Alternate versions of all tasks (except the Symbol Digit Modalities Test) were used across
sessions.

The Controlled Oral Word Association Test (Benton, 1989) is a measure of verbal fluency in which subjects are asked to
say as many words as they can think of beginning with the letters “F, A, and S”, or “C, F, and L” within one minute. The depen-
dent measure is the total number of words produced.

The Symbol Digit Modalities Test (Smith, 1982), written version, is a measure of complex visual tracking and working
memory that requires decoding of a series of numbers listed on paper according to a corresponding template of visual sym-
bols. With the use of a reference key, participants were given 90 s to accurately match numbers with corresponding geomet-
ric figures. The dependent measure is number of symbols coded minus errors.

The forward/backward digit span (Wechsler Adult Intelligence Scale-Revised (WAIS-R) (Wechsler, 1981) was used to
measure immediate memory span. The dependent measures are total forward digit span and total backward digit span.
In the forward digit span, subjects can correctly repeat back a span of up to16 digits. In the backward version, subjects
can recite back a span of up to 14 digits backwards. Higher scores are indicative of higher memory recall.

The computer adaptive n-back task is an adaptive, accuracy selectable, 2-back task that consists of 54 trials and was
developed in order to measure information processing speed, working memory and attention. It represents an advance-
ment over previously used n-back tasks (as cited in Strauss, Sherman, & Spreen, 2006) because it corrects for the accu-
racy-speed confound by allowing the experimenter to set desired accuracy levels and by equating accuracy levels
across groups. The program’s algorithms (V2ASQQQQ) variably adjust the presentation speed based on individual trial re-
sponses, response patterns and multiple accuracy windows to a value that supports the desired accuracy. Participants
view a sequence of letters and indicate whether or not a probe letter is the “same” or “different” as the stimulus item
presented two items back. The program computes two measures — speed of processing and “extended hit rate” (represent-
ing a run of correct responses). A measure of accuracy was also computed to make sure that there were functionally
equivalent levels across groups.

4. Procedure

Participants were assigned to intervention groups based on the particular week that they enrolled in the experiment.
Mindfulness meditation and control group interventions were randomly assigned to weeks. The interventions met on the
same days of the week at the same time of day.

4.1. Session 1

After obtaining consent forms, participants completed the Freiburg Mindfulness Inventory, the Profile of Mood States, the
State Anxiety Inventory, CES-D in random order followed by the Symbol Digit Modalities Test, backwards/forward digit span
recall test, the Controlled Oral Word Association Test, and computer adaptive two-back task in random order. Based on group
assignment, subjects were either led in meditation or listened to The Hobbit in a small group setting for 20 min in each ses-
sion. Afterwards, the State Anxiety Inventory was reassessed.

4.2. Sessions 2-3

Depending on group assignment, participants either came in for meditation training or book listening, and the State Anx-
iety Inventory was completed before and after the meditation/listening intervention.

4.3. Session 4

Participants in the meditation and listening group completed the State Anxiety Inventory before their respective inter-
vention. At the completion of the intervention, the Freiburg Mindfulness Inventory, State Anxiety Inventory, Profile of Mood
States, CES-D, and the cognitive tasks were administered.

In general, the statistical analyses tested for the between group effect of intervention training and the within group effect
of pre/post (session 1 vs. session 4) intervention training. The State Anxiety Inventory was administered before and after the
intervention in each session. Multivariate analyses of variance (MANOVA) were used (with Wilk’s criterion as the test sta-
tistic) on the subscale scores of the Profile of Mood States, and the scores from the cognitive tasks (Symbol Digit Modalities
Test, Fluency, Backward/Forward recall tests, extreme hit rate, and speed of processing). Follow-up univariate analyses were
conducted when appropriate. Total Profile of Mood States, State Anxiety Inventory, CES-D, and Freiburg Mindfulness Inven-
tory were analyzed with separate mixed analysis of variances (ANOVA). A significance level of .05 was used for all statistical
tests.
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5. Results
5.1. Self-report measures

Table 2 reports the Freiburg Mindfulness Inventory and Profile of Mood States data for each group across sessions. The
analysis on the Freiburg Mindfulness Inventory scores showed that brief MM training was effective at increasing mindful-
ness skills when compared to controls. There was a group by session interaction, F(1,47) = 5.73, p = .02, #* = .11, and an effect
of session, F(1,47) =13.18, p =.001, 5? =.22; but no effect of group, F< 1.

The analysis on the total scores from the Profile of Mood States indicated a reduction in negative mood across session,
F(1,47)=19.50, #? = .29; however, there were no group differences, F< 1, and group did not interact with session, F<1.
The MANOVA on the six subscales of the Profile of Mood States was similar in showing a session effect, F(6,42) = 4.50,
p =.001, #? = .39; and there was no main effect for group, F(6, 42) = 1.94, p = .10; but there was a marginally significant group
by session interaction, F(6, 42) = 2.22 p = .06, n° = .24.

Session effects on all of the subscales except vigor, F(1,47) = 3.27, p = .08, showed that both groups improved from session
1 to session 4 (fatigue, F(1,47)=5.26, p=.03, #*>=.10; depression F(1,47)=13.31, p=.001, #?=.22; tension ratings,
F(1,47)=27.79, p<.001, n?=.37; anger, F(1,47)=10.61, p=.002, #*=.18; confusion, F(1,47)=7.35, p=.009, n?=.14).
Moreover, the analysis on the fatigue subscale showed that the session effect varied by group, F(4,47)=5.05, p=.03,
#? = .10. Brief meditation training was effective at significantly reducing fatigue, while listening to the book did not. How-
ever, some caution must be exercised because of the marginal significance of the interaction effect in the MANOVA. The
group by session interaction was not present in the analyses of the other subscales.

State Anxiety Inventory scores, presented in Table 3, were analyzed with a two (group) x two (before/after) x four (ses-
sion) ANOVA. As expected, the anxiety scores dropped significantly after practice with meditation but not after listening to
the book. The analysis indicated a before/after effect, F(1,47)=110.03, p <.001, 5 =.70, and before/after interacted with
group, F(1,47)=40.19, p <.001, #? = .46. There was also a decline in state anxiety scores across session, F(3, 141) = 6.85,
p <.001, n?=.13. However, there were no other interactions; session did not interact with group, (F<1), or in a three-
way interaction with group, and before/after, F(3, 141) =1.47, p = .23.

The analysis of the CES-D scores were similar to the Profile of Mood States subscale for depression in showing a significant
decrease in depression scores from session 1(M=14.12, SD=10.08) to 4 (M =9.28, SD=5.13), F(1,47)=8.69, p =.005,
#? = .16; but there were no effects of group and no interaction between session and group (Fs < 1).

5.2. Cognitive tasks

Fig. 1 shows that brief mindfulness training was effective at improving performance on several cognitive tasks—Symbol
Digit Modalities Test, verbal fluency, and the n-back task. The MANOVA on the scores from the Symbol Digit Modalities Test,
verbal fluency, the forward and backward digit span, and the two measures of the n-back task showed a significant group by
session interaction, F(6,42) = 2.28, p = .05, #* = .25; a main effect of session, F(6,42) = 10.66, p <.001, #2 = .60; and no effect
of group, F< 1.

Follow-up ANOVAs on symbol digit modality and verbal fluency showed a significant improvement in performance across
sessions for the meditation group but not for the control group. The two analyses showed significant interaction effects:
Symbol Digit Modalities Test, F(1,47) = 6.78, p = .01, 5? = .13, verbal fluency, F(1,47) = 5.27, p = .03, 5? =.10, and main effects
of session, Symbol Digit Modalities Test, F(1,47)=18.78, p <.001, #?=.29 and verbal fluency, F(1,47)=12.45, p=.001,
n=21.

Performance on both the forward and backward digit span improved after training but the change was not specific to the
MM group. There was a session effect, (forward, F(1,47)=12.63, p=.001, #*=.21; backward, F(1,47)=12.62, p=.01,

Table 2
Mean (SD) for each group on POMS and FMI.
Meditation® Control®
Pre Post Pre Post
FMI 43.33 (8.57) 49.96 (10.0) 47.00 (8.24) 48.36 (8.42)
Total POMS 15.20 (26.39) —4.80 (15.63) 12.00 (27.49) -1.16 (11.78)
Tension 8.50 (6.95) 2.91 (2.75) 6.28 (6.14) 2.60 (2.22)
Depression 6.13 (7.94) 1.95 (3.99) 4.52 (8.38) .52 (1.16)
Anger 4,00 (5.89) 1.91 (2.88) 3.80 (5.73) 1.20 (1.98)
Vigor 15.88 (5.49) 14.04 (5.85) 18.75 (7.17) 15.16 (6.33)
Fatigue 5.54 (4.33) 1.71 (3.17) 4.84 (5.32) 4.80 (5.57)
Confusion 6.92 (3.88) 5.46 (3.56) 6.60 (3.72) 4.88 (2.20)
Total (total mood score), (Freiburg Mindfulness Inventory).
4 n=24.
b n=25
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Table 3
Means (SD) for control and meditation group on State Anxiety Inventory scores across sessions.
Meditation? Control®
Before After Before After
Session 1 36.75 (10.72) 27.58 (5.76) 35.28 (9.33) 35.12 (10.51)
Session 2 33.75 (9.08) 24.96 (5.34) 30.48 (6.32) 27.24 (5.91)
Session 3 32.67 (7.33) 25.29 (4.15) 31.68 (7.64) 29.32 (7.83)
Session 4 32.29 (8.30) 25.67 (5.28) 30.40 (7.54) 28.28 (6.17)
M (SD) 33.86 (5.98) 25.88 (3.67) 31.96 (4.46) 29.99 (5.53)
4 n=24.
b n=25.
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Fig. 1. Mean scores for the group by session interaction from the Symbol Digit Modalities test, Controlled Oral Word Association Test, and the Computer
Adaptive 2-back task. Error bars represent 95% confidence intervals.

n?=.13), but session did not interact with group, (forward F(1,47) = 1.27, p =.27; backward F(1,47) = 1.26, p =.27). Means
scores on the forward digit span task for sessions 1 and 4 are as follows, 10.85 and 12.02. Means scores on the backward digit
span task for sessions 1 and 4 are as follows, 6.60 and 7.10.

The ANOVA on the accuracy measure from the computer adaptive 2-back task found no differences across sessions or be-
tween groups (Fs < 1), indicating that the 2-back task was performed at the same level of accuracy across the two conditions.

Fig. 1 shows the significant group by session interaction found in the analysis on the extended hit rate from the computer
adapted n-back task, F(1,47)=6.76, p = .01, n? =.12. The meditation group, in contrast to the control group, had more ex-
tended hit runs. There was also a significant session effect, F(1,47) =18.78, p <.001, #* = .29. Follow-up analyses on the
speed measure of the n-back task did not show any evidence of an interaction effect F < 1, or an effect of session or group,
Fs<1.

6. Discussion

Our findings, with naive participants learning mindfulness techniques by means of a brief training format, are consistent
with those that have been reported for adept meditators. Four days (20 min/day) of MM training was effective in signifi-
cantly increasing mindfulness scores in comparison to an active control group. Our brief MM training protocol promoted sig-
nificant effects on several cognitive tasks that require sustained attention and executive processing efficiency (Symbol Digit
Modalities Test, verbal fluency, and the hit runs on n-back task). However, no specific benefits from MM training were found
with many of the mood scales, the forward and backward digit span or speed on the n-back task. It is important to note that
the groups did not differ at baseline on any of the measures and had no prior meditative experience.
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A previous study (Zeidan et al., in press) that examined brief MM training, found more pervasive mood changes when
comparing MM to sham meditation and control interventions. In the current study, listening to the book was intended to
occupy their attention and not expected to affect mood. However, it may have served as a relaxing activity, which could ex-
plain the decrease in negative mood after book listening. In a recent review examining the efficacy of mindfulness interven-
tions, MBSR programs were not more effective than active control groups (e.g. relaxation; cognitive therapy) on mood
outcomes, when compared to wait-listed groups (Toneatto & Nguyen, 2007).

There are a number of possible mechanisms that may explain the relation between mindfulness and cognitive improve-
ment. In contrast to controls, brief MM training reduced participants’ fatigue and anxiety ratings. Fatigue and anxiety may be
particularly critical in affecting information processing. More participants would be needed, however, to properly assess the
relatedness among these measures.

Prior studies with multiple sclerosis patients have found that fatigue adversely affects complex visual tracking speed
measured by the Symbol Digit Modalities Test, (Andreasen, Spliid, Andersen, & Jakobsen, 2009), 2-back task processing (Dia-
mond, Johnson, Kaufman, & Graves, 2008), and sustained attention on the Paced Auditory Serial Addition Test (Schwid et al.,
2003). In two experiments, researchers found that both threat induced and state anxiety disrupted spatial but not verbal
working memory on a three item n-back task in healthy undergraduates (Shackman et al., 2006). Given the fact that fatigue
is the hallmark symptom in chronic fatigue syndrome, in addition to impairments in attention (Johnson, DeLuca, Diamond, &
Natelson, 1998) and information processing (DeLuca et al., 2004), interventions that reduce fatigue and anxiety and improve
vigilance could also potentially enhance information processing efficiency.

MM is based on promoting a balance between a relaxed and vigilant state of mind (Wallace, 2006). The ability to self-reg-
ulate emotions has been found to be a key component in enhancing cognition (Austin, 1998; Moore & Malinowski, 2009). It is
possible that the calming effects of MM combined with the increased capacity to focus on the present improved cognitive
performance after brief training. MM training enhances present moment awareness by teaching participants to notice subtle
distractions (feelings; thoughts; emotions) while repeatedly bringing attention back to the meditation object. This process
can promote attentional stability (Epel, Daubenmier, Moskowitz, Folkman, & Blackburn, 2009; Wallace, 2006).

Our findings provide robust evidence that brief MM training enhances sustained attention. The meditation group when
compared to an active control group exhibited a greater number of extended hit runs on the two-back task. That is, the med-
itation group exhibited a significantly greater number of processing runs involving accurate and sustained working memory
discriminations. The meditators were able to maintain focus and accurately retrieve information from working memory un-
der conditions that require more rapid stimulus processing. Brief MM training improved vigilance and the efficiency of high-
er-order executive processes. Findings of improvements after MM training in visuo-spatial processing and in verbal fluency
also indicated a greater efficiency in working and long-term memory retrieval in the meditators versus the control group.

Some of these cognitive benefits have recently been reported with experienced meditators (Kozhevnikov et al., 2009). In
fact, Brefczynski-Lewis and colleagues (2007) found that adept and novice meditators exhibited overlapping higher order
attention-related neural activations. Similarly, 5 days of Integrative Body Mind Training effectively increased neural activity
in the executive attention network which was correlated with better performance on attentional tasks (Tang et al., 2009) and
twenty minutes of MM practice reduced habitual responding on the Stroop task (Wenk-Sormaz, 2005; Zeidan & Faust, 2008).

Research associated with the benefits of brief MM training is sparse, but available evidence suggests that the immediate
effects MM are not only associated with improving mood, but also developing deeper cognitive processing skills, specifically
reducing lapses of attention. There were no differences between groups on digit span and these tasks were not timed, and did
not, therefore, tax subjects on speed of processing. However, one factor that links the cognitive tasks that were affected by
MM intervention is that they required sustained attention to perform well. Therefore, it appears that a short-term benefit of
MM training could be increasing the ability to focus on timed or speeded tasks.

Another explanation of why brief MM training improved cognition is associated with the ability to control the processing
of self-referential thought. Some have provided evidence for overlapping networks between mindfulness, meta-awareness,
executive functioning, and mind-wandering processes (Epel et al., 2009; Farb et al., 2007; Tang et al., 2007). Mind-wandering
adversely affects cognitive performance by reducing supervision of goal-directed attention (Smallwood, McSpadden, &
Schooler, 2007). When the mind wanders, discursive thoughts become the primary focus further decoupling attention direc-
ted towards the primary task (Smallwood & Schooler, 2006). This “automatic” process of mind-wandering suggests that
there is a distinctive break in meta-awareness (Smallwood & Schooler, 2006). Meta-awareness is defined as the ability to
reflect or be aware of ongoing thought or mental states (Epel et al., 2009; Smallwood et al., 2007). MM training is premised
on teaching subjects to acknowledge discursive thoughts and to gently return their attention back to the meditation object.
The immediate benefits of mindfulness meditation training may be associated with increasing the awareness of ongoing cog-
nitive states, which improves attentional efficiency. As previously mentioned, the improvements in mood may have also im-
proved information processing. Furthermore, recent findings suggest that improvements in mood may reduce mind-
wandering (Smallwood, Fitzgerald, Miles, & Phillips, 2009). In contrast, negative mood can lead to rumination and further
lapses in attention. We postulate that the meditation group’s improvements in mood may have contributed to reducing
mind-wandering, evidenced by significant improvements on a spectrum of cognitive tasks and mindfulness scores.

Meta-awareness and executive functioning are independent but highly overlapping constructs (Fernandez-Duque et al.,
2000). Although we did not directly test for this, the short-term benefits of mindfulness may promote reductions in reflexive,
automatic processing of irrelevant information by improving attentional sustainability. Additionally, minimal training in
mindfulness may be effective in promoting executive-level functioning in detecting when the mind has wandered (meta-

Please cite this article in press as: Zeidan, F., et al. Mindfulness meditation improves cognition: Evidence of brief mental training. Con-
sciousness and Cognition (2010), doi:10.1016/j.concog.2010.03.014



http://dx.doi.org/10.1016/j.concog.2010.03.014

8 F. Zeidan et al./Consciousness and Cognition xxx (2010) XxX—Xxx

awareness), further reducing lapses in attention. Mindfulness practice promotes a form of meta-cognitive insight (Ortner,
Kilner, & Zelazo, 2007), where MM practitioners learn to emotionally disengage from distracters (frustration; anxiety) (Teas-
dale, 1999). This form of top-down cognitive control leads the MM practitioner to more readily focus on the present task
leading to better performance. Our findings extend previous work by using sensitive multiple functional and cognitive mea-
sures (e.g. the accuracy-selectable adaptive n-back task) that provide converging lines of evidence supporting the positive
effect of MM on tasks that tap deep cognitive processing.

Our findings apply to undergraduates and cannot be generalized to older adults, but show promise for positive effects on
attentional tasks. Additionally, the improvements exhibited by the meditation group may be due to direct effects of just hav-
ing meditated in session four. The Hobbit listening group was a more active control than prior control groups (e.g. sham
mindfulness meditation) (Zeidan et al., in press), and may explain the lack of differences between groups on self-reported
mood. However, the MM training group was significantly more effective at reducing anxiety and fatigue levels, when com-
pared to the controls.

We do not suggest that brief mental training is as effective as extensive training regimens. It is well documented that
consistent and extensive meditation training promotes lasting changes in cognition and well-being (Cahn & Polich, 2006).
Our findings show that there are immediate, short-term benefits to practicing mindfulness meditation. These benefits
may have clinical implications. For instance, if a meditative state can be experienced after a brief training regimen, then indi-
viduals may feel more inclined to continue practice, which can lead to better health outcomes (Grossman et al., 2004). More-
over, meditation practice may be more attractive and easily disseminated if it can be shown to be effective without extensive
training. This is the first study to demonstrate that 4 days of MM training can promote benefits on a range of cognitive tasks.
Ongoing studies are employing neuroimaging to understand if and how brief meditation training affects the brain and
behavior.
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