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Abstract The aim of this study is to examine the relation-
ship between meditation and cognitive functions. More in
depth the purpose is to demonstrate that long-term medita-
tion practice improves attention skills and cognitive flex-
ibility. Eighteen long-term meditation practitioners were
compared to a matched control group, who never practiced
meditation. Each subject was tested, using computerized
software (Presentation Software 9.90), which measured:
attention, visual search abilities, working memory and
Stroop’s interference tasks. Furthermore, we examined the
relationship between long-term meditation practice, mind-
fulness skills and thinking styles, namely styles of process-
ing information. The results showed significant differences
between the two groups, demonstrating that long-term medi-
tation is linked to improvements of attentional functions,
working memory and cognitive flexibility.
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Introduction

Recently, the interest in meditation has grown and become
a topic for scientific research (Knight 2004). Mainly there
are two different perspectives, one that focuses the interests
on therapeutic benefits (e.g., Chiesa and Serretti 2009), and
another, using a neurophysiological approach, has demon-
strated that extensive meditation practice can result in differ-
ent benefits in terms of cognitive processes (e.g., attention,
cognitive flexibility and creativity; Berkovich-Ohana et al.
2016; Colzato et al. 2015a, b; Moore and Malinowski 2009).
Recent findings have illustrated that long-term meditation
has an effect on mental processing, leading to functional
as well as structural changes of the brain (Barinaga 2003;
Davidson et al. 2003; Pagnoni and Cekic 2007).
Meditation can be conceptualized as a broad variety of
complex practices which, by engaging emotional and atten-
tional regulatory strategies, allows the cultivation of well-
being and emotional balance (Lutz et al. 2008). Lutz et al.
(2008), and more recently Lippelt et al. (2014) have nar-
rowed down two different styles: focused attention medita-
tion (FAM) and open monitoring meditation (OMM). The
two techniques mainly differ in the attentional control that
is needed. The FAM requires that the practitioner focuses
his attention on a chosen object and sustain this focus; the
ability to regulate attention increases with the length of prac-
tice, so the subject becomes gradually more able to con-
trol distractions and redirect the focus to the chosen object
(Lutz et al. 2008). The capacity to reduce distractions and
the development of monitoring ability are necessary for
the transition into the OMM; the aim is to reach “reflexive
awareness” of each experience and to recognize the nature of
emotional and cognitive patterns (Lutz et al. 2008).
Despite the difficulty to conceptualize and evaluate the
meditation process, recently, there has been a great interest
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in the link existing between this practice, mainly consid-
ered a Buddhist tradition, and the western way of seeing
improvements in terms of cognitive processes and neuro-
physiological changes. For example, the neuropsychological
hypothesis underlying the FAM is that specific neural sys-
tems are associated with each ability, e.g., sustained atten-
tion is associated with the activation of right frontal and
parietal areas and the thalamus, while conflict monitoring
with the dorsal anterior cingulate cortex and dorsolateral
prefrontal cortex (Corbetta and Shulman 2002; Posner and
Rothbart 2007; Weissman et al. 2006). The OM meditation,
which does not imply a specific focus of attention, relies on
brain regions implicated in vigilance and self-monitoring
(Lutz et al. 2008). For example, given that OMM focuses on
the cultivation of emotional awareness, recent neuroimaging
studies suggest the involvement of a prefrontal regulation of
limbic responses on emotional processes (Hariri et al. 2000).
The OM meditation invites the practitioner in everyday life
to accept and label each experience associating it with an
emotional state; research has shown that simple verbal labe-
ling of affective stimuli attenuates responses in the amyg-
dala, demonstrating that OMM practice calls upon emotion
regulation (Hariri et al. 2000). In particular, authors assume
that FAM increases top-down control networks, facilitating
the support for relevant information, while OMM weakens
top-down control, inducing a more parallel processing mode.
So far, we have presented the hypotheses that can explain
the effects of long-term meditation practice on different
cognitive processes. The following section will provide evi-
dence supporting positive effects of the meditation practice
on the ability to allocate attention (e.g., attentional blink
tasks), cognitive flexibility (e.g., Stroop test) and executive
functioning in general. For example, Slagter et al. (2007),
using the attentional blink (AB) paradigm, investigated the
effects of 3-month intensive meditation training (Vipassana,
an OMM style), on the ability to allocate attention. This
paradigm affirms that, in the presence of a sequence of visual
stimuli in rapid succession in the same spatial position, a
subject is able to identify the first target without problems,
but has difficulty in identifying the second, if it is presented
between 200 and 500 ms after the first (Petro and Keil 2015).
Results showed that intensive training reduces the AB, sug-
gesting that meditators were more efficient in allocating their
attentional resources to both stimuli. The EEG patterns sug-
gest that the improvement in AB task is due to less use of
resources in finding the first target, as reflected by a smaller
T1-elicited P3b (Slagter et al. 2007). Olivers and Nieuwen-
huis (2005, 2006) hypothesized that this is due to the fact
that observers are in a more diffuse mental state and may
distribute their attention in a more flexible operating mode.
Similar results were obtained by Van Leeuwen et al. (2009),
who tested the performances of expert meditators in opposi-
tion to two groups of non-meditators, one age-matched and a
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younger control group. The findings showed a better perfor-
mance of the experimental group, despite the age.

Testing a group of non-meditators after a single session
of OM or FA meditation, before performing an AB task,
researchers found that only after the OM meditation the
subjects presented a better performance, which is assumed
to weaken top-down control and suggests that this practice
can induce cognitive changes in a minimum length of time
(Colzato et al. 2015a, b). Another research that provides
evidence that meditation promotes high-order cognitive pro-
cessing, had the aim of evaluating the effects of short-term
meditation, in particular mindfulness meditation (MM), on
working memory, sustained attention, visual coding and ver-
bal fluency (Zeidan et al. 2010). The findings showed that,
even a brief practice of MM can improve the performance
in different cognitive tasks, demonstrating that it can affect
executive functioning in general (Zeidan et al. 2010).

So far, the literature has provided evidence that long- and
short-term meditation can induce an enhancement of cogni-
tive processes and a greater control of emotional reactivity. It
has been pointed out that meditation can influence the execu-
tive attention network (Tang et al. 2009), but not many stud-
ies have focused on other processes. Meditation emphasizes
self-regulation of attention; beyond the ability to sustain
attention, self-regulating means that it is necessary to control
and adapt different strategies to solve the conflict between
competing stimulus dimensions (inhibition; Fan et al. 2003;
Fabio and Towey 2017) and if attention wanders inhibition is
the basis to switch the focus once again on the chosen object
(Lee and Orsillo 2014). Based on the definition of mindful-
ness as: “paying attention in a particular way: on purpose,
in the present moment, and non-judgmentally” (Kabat-Zinn
1994, p. 4), Lee and Orsillo (2014) conceptualized inhibition
and switching as two core aspects of cognitive flexibility.

Cognitive flexibility can be interpreted as the ability
to adapt processing strategies to the situation, responding
adequately to unexpected conditions (Cafias et al. 2003).
Individuals present a typical way of elaborating information
and filtering stimuli (environmental, sociological, percep-
tual) that is influenced by different cognitive and thinking
styles (Leng and Hoo 1997; Zhang 2006). Cognitive styles
shape the way people manage different situations, and deter-
mine the preference for thinking strategies (Leng and Hoo
1997). Within the study of style constructs, Grigorenko and
Sternberg (1995) affirm that the various concepts (e.g., cog-
nitive style, learning style, mode of thinking and thinking
style) fall into different macro-areas of research (cognition-
centered, personality-centered and activity-centered). Each
construct has been given different terms and categorizations,
but within the cognition-centered studies, they refer specifi-
cally to “modes of thinking” or “hemispheric thinking style”
(e.g., Albaili 1993; Hassan and Abed 1999; Zhang 2002a,
b). The construction has its origin from the early studies
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on brain lateralization (Springer and Deutsch 1997; Yama-
guchi et al. 2000) and research on individual differences
(e.g., creativity; Torrance 1966). While in the early studies
it was hypothesized that a specific thinking style was a sign
of the dominance of one of the two hemispheres (Torrance
1981), research has suggested that they are much more inte-
grated than it was believed. In an early study by Bennett and
Trinder (1977) that assumed the relationship between cogni-
tive styles and hemispheric laterality, it was hypothesized
that meditation is characterized by an holistic cognitive style
associated with the right hemisphere. Contrary to prediction,
results relative to the distribution of alpha activity demon-
strated that the hemispheres were found to be symmetrical.
Zhang (2002a, b), analyzing the concept in terms of informa-
tion processing, suggested the term “mode of thinking” to
describe the different styles that do not necessarily reflect an
asymmetry. There are three modes of thinking: logical-ana-
lytical thinking, characterized by a preference for a system-
atic approach (originally left-brain dominance); an holistic
manner of processing information, in a synthesized and
intuitive way (originally right-brained dominance); integra-
tive mode of thinking that implies the use of a dynamic and
interactive processing (originally whole-brained). Although
individuals present a dominant mode of thinking, the use of
both styles allows flexible ways of processing information
within different contexts. In these terms the link between
meditation and cognitive flexibility is still not clear; there
is not much literature concerning relevant aspects of cogni-
tive functioning, such as thinking styles. Some other studies
have tried to fill in this blank, using tests that are specifically
designed to evaluate cognitive flexibility finding positive
effects for OMM and mindfulness (Colzato et al. 2015a, b;
Lee and Orsillo 2014; Moore and Malinowski 2009).

In particular, in the wake of the first studies of Moore
and Malinowski (2009), which evaluated meditators using
measures of Stroop interference, it was found that attentional
performance and cognitive flexibility are positively related
to meditation practice and levels of mindfulness. Recently,
Lee and Orsillo (2014), using a specific population that it
supposed to have low levels of cognitive flexibility, found
that people with generalized anxiety disorder (GAD) who
practiced mindfulness and relaxation had more efficient
emotional Stroop, facilitating conflict monitoring/inhibition
in cognitive flexibility.

Given that the literature has mainly emphasized the
effects of meditation on attention, in the current research
we thus hypothesized that long-term meditation influences
both attentional skills and cognitive flexibility. Long-term
meditation practitioners were evaluated on many func-
tional cognitive processes, namely attention functions
and cognitive flexibility (sustained attention, inhibition,
switching), working memory and visual search abilities.

Furthermore, other than testing the impact of meditation
on mindfulness skills, the novelty of the present study was
to evaluate the preference toward specific learning and
thinking styles (logical-analytical, holistic—intuitive and
integrated). We hypothesized that meditation can influence
the way people use different thinking styles, assuming that
meditators are able to modulate modes of thinking based
on what is needed in different contexts, thus adopting a
dynamic style (integrated).

Methods
Participants and procedure

Participants (n = 36) were comprised of two different
groups: an experimental group (long-term meditators)
and a control group (non-meditators). The experimen-
tal group was composed of eighteen long-term medita-
tors (age, M = 45.72, SD = 7.3) with more than 6 years
of practice (M = 8.77; SD = 2.23) recruited from two
meditation centers. Four participants were selected from
a center in Messina (Sicily), and the rest from a center in
Reggio Calabria. In the centers, the predominant style of
meditation was the FAM; in particular among the different
techniques that were used, most of the participants were
confident with the Buddhist meditation (samatha), the
kundalini meditation and the mantra meditation. Table 1
reports the characteristics of each participant.

The control group was composed of 18 participants
(age, M = 44.9, SD = 6.21) who never practiced medita-
tion. The groups were matched by chronological and men-
tal age (assessed using the Raven’s Advanced Progressive
Matrices; Raven 1938), gender (n = 9 males, n = 9 females
for each group) and education level (total years, M = 15.4
SD = 4.1). Participants were all Caucasian.

The Human Ethics Committee of the Cognitive Sci-
ence, Education and Cultural Studies of the University of
Messina approved the study protocol; all participants vol-
unteered willingly (without remuneration) to the research
after being informed that the study was an investigation of
the effects of meditation on cognitive processes; therefore,
they gave a written consent.

Using a demographic questionnaire, we obtained the
personal data, namely age, gender, educational level and
occupation; moreover, the meditators had to specify for
how long they practiced meditation (average weekly
practice of 14 h). After explaining the procedure, the two
groups completed a series of tests which were presented in
a random order and administrated individually in isolated
areas.
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Table 1 Characteristics of the

. Meditators Age  Gender  Meditation centers  Years of  Type of practices

meditators practice
Participant 1 52 M Reggio Calabria 12 Buddhist and mantra meditation
Participant 2 38 M Reggio Calabria 6.5 Buddhist meditation
Participant 3 44 F Reggio Calabria 9 Buddhist meditation
Participant 4 52 F Reggio Calabria 7 Mantra and sound meditation
Participant 5 51 F Reggio Calabria Mantra meditation
Participant 6 52 M Reggio Calabria 10 Kundalini meditation
Participant 7 39 F Reggio Calabria 6 Mantra meditation and pranayama
Participant 8 46 F Reggio Calabria 9 Buddhist meditation
Participant 9 52 M Reggio Calabria 11 Kundalini and mantra meditation
Participant 10 38 M Reggio Calabria 9.5 Buddhist and Mantra Meditation
Participant 11~ 46 F Reggio Calabria 9 Mantra and sound meditation
Participant 12 39 M Reggio Calabria 7 Mantra meditation
Participant 13 52 F Reggio Calabria 8 Buddhist meditation
Participant 14 38 M Reggio Calabria 7 Kundalini meditation
Participant 15 51 M Messina 15 Buddhist meditation
Participant 16 52 F Messina 7.5 Buddhist meditation
Participant 17 47 F Messina 7 Buddhist meditation
Participant 18~ 41 M Messina 9.5 Buddhist meditation

Measures present study. Conditions differ for the presence or absence

Stroop’s test (ST)

The ST (Stroop 1935) was created to evaluate selective
attention and cognitive flexibility; more in depth it assesses
the ability to allocate and shift attention and to inhibit task-
irrelevant information, seeing that there is a difficulty in
stopping the automatic processes. The computerized color-
word Stroop task (MacLeod 1991) consists in 12 alternat-
ing blocks of color identification trials or incongruent color/
word blocks. In the color identification trials, participants
viewed a series of ten stimuli (XXXX) and were instructed
to identify the color by pressing the appropriate buttons
associated with each color. In the color-word incongruent
blocks, subjects viewed a series of ten color names presented
in an incongruent font color (e.g., red written in green) and
were asked to identify the font color. Each stimulus was
displayed for 1900 ms with a 100-ms interstimulus interval;
a 12-s rest interval occurred half-way through the task.

Visual search (VS)

The VS test measures the ability to focus attention on rel-
evant stimuli, ignoring the irrelevant ones, i.e., selective
attention. The VS task requires participants to determine
the presence of a target (e.g., a letter, a shape or an image)
among a number of distracting stimuli. Sessions in which
at least one feature always differentiates targets from dis-
tractors, called feature searches, have been used in the
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of the target; therefore, the subject must identify the target
as quickly as possible. Visual search is widely thought to
involve both parallel and serial processes (Wolfe 1994). In
the feature search conditions, theories propose that observ-
ers may search for groups of items at a time, the size of
which varies with search difficulty and practice (the group
scanning hypothesis: Treisman and Gormican 1988). Some
authors claim the importance of attentional control mech-
anisms such as the activation and inhibition of irrelevant
information (Treisman and Sato 1990).

N-back task

This test measures executive control relating to the update of
information in working memory (Shimamura 2000). Cogni-
tive control is expressed as the ability to direct behavior in
a flexible way according to different situations; Miller and
Cohen (2001) define it as the brain’s ability to represent,
maintain and update the rules that guide behavior in ways
appropriate to the context. The representations of informa-
tion that guides behavior must be activated and maintained
in working memory, so that you can obtain the archived goal
and respond to external stimuli (Lenartowicz et al. 2010).
The N-back task requires participants to pay attention
to a stream of stimuli (e.g., letters) and track the location
of a target indicating a match when the current stimulus is
the same as it was n times back in the sequence (Kane et al.
2007). For example 2-Back means that the subject must indi-
cate a match when the stimulus presented two stimuli ago is
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the same. The request is to click the left mouse button when
the letter that the subject sees is equal to the one that was
presented before. In the event that the letter is not identical
to the previous one, the subject must not press any button,
but continue to store the last letter submitted. The test is
repeated several times, but with some variations. The second
time the subject has to press the left mouse button when
the letter displayed is equal to the one shown two positions
before; the third time the subject has to press the left mouse
button when the letter displayed is equal to the one shown
three positions before. Each block contains a series of letters
constituted by 20 elements, for a total of 60 items.

Backward masking (BM)

The BM is a task that is used to investigate early stages of
human information processing. At least three fundamental
mechanisms underlie visual BM task performance: integra-
tion, inhibition and attentional shifting (Breitmeyer 1984;
Breitmeyer and Ganz 1976; Michaels and Turvey 1979; Tur-
vey 1973). Visual masking occurs when there is a reduction
in visibility of an object (target) caused by the presentation
of a second object designed as mask (Breitmeyer and Ogmen
2000). Backward masking means that the mask is presented
after the target; the wider effect occurs, not when the stimu-
lus and mask are presented simultaneously, but when you
insert a short interval of time between the presentation of
the target and the mask. A major factor in this type of test is
the focus. In fact, there is no effect on masking if the atten-
tion is immediately focused on the target stimulus, but if the
focus of attention on the object is too slow, the mask will
be more visible. In this study, the test was divided into two
blocks. In the first block, the subject had to press the left
mouse button every time he saw the word “ONE” appear
among other words, one after another. The participants saw,
at the center of the screen, different white words presented
on a black background. The non-target stimuli (words with
more than three letters) had to be ignored. The subsequent
phase represented the real test; the task was to identify the
word “ONE” by pressing the left mouse button, even if it
was presented for the same amount of time, after it’s appear-
ance it was masked by three “X,” increasing the difficulty of
viewing the target.

Attentional blink (AB)

Visual selective attention was evaluated through the AB
task, giving a measure of the temporal aspects of attention.
The paradigm affirms that, in the presence of a sequence of
visual stimuli in rapid succession in the same spatial posi-
tion, a subject is able to identify the first target without prob-
lems, but has difficulty in identifying the second, if it is pre-
sented between 200 and 500 ms after the first. Participants

were asked to identify two targets within a rapid serial visual
presentation (RSVP), in which the stimuli are presented for
a short period of time in the same place in rapid succession.

There is a refractory period during which the attention is
not available to process the second target if it occurs between
200 and 500 ms after the first; if it is presented later in the
RSVP stream, it is usually easily identified. The test consists
of ten series, each containing seven sequences, for a total of
70 sequences. At the beginning of each test, a red cross of
0.57° x 0.57° of visual angle appears in the middle of the
screen for a duration of 1000 ms. After the presentation of
the cross, the monitor displays a RSVP of 10-15 letters,
each measuring 0.86° X 0.86°. The letters were randomly
chosen from the alphabet (with the exclusion of I, O, Q,
S, X and Z), and the subsequent letter was never the same.
The letters were presented for 100 ms; moreover, two letters
were replaced by two numbers randomly chosen from 1 to
9. The occurrence of T1 in the stimulus stream was varied
randomly between positions; the distance between the first
item (T1) and the second (T2) was systematically varied
from 1 to 7 time intervals (lag), corresponding to lags of
100, 200, 300, 400, 500, 600 and 700 ms, and the second
item (T2) was presented two lags from the end of the series.
The participants were asked to look carefully at the RSVP
and identify both the stimulus T1 and T2 and to report every
time they saw the target on the correspondent diagram that
summarized the 70 trials, without time limits. Participants
were asked to give an answer even when they were not sure
of their response.

Style of learning and thinking

The style of learning and thinking (SOLAT) is a test that
measures individual differences in thinking styles (Torrance
et al. 1988). Torrance (1982) interpreted the concept of cer-
ebral hemisphericity as a psychological dimension, which
reflects the tendency of a person to rely on processes that
imply one or another cerebral hemisphere (in terms of func-
tional aspects). The self-administrated test allows the evalu-
ation of hemisphere dominance, giving profiles that describe
different styles of processing information (Torrance 1982).

People with “left-dominant profile” are inclined to
apply sequential and logical-analytical strategies, with
a tendency to be logical and conformist (Fitzgerald and
Hattie 1993). The “right-dominant profile” refers to peo-
ple who are unconventional, use intuitive strategies and
prefer unstructured tasks (Torrance 1982). The “inte-
grated profile” is typical of those who tend to use the
two different strategies when needed (Fabri et al. 2007).
Despite the fact that in origin the concept referred to
“hemispheric specificity,” later research has failed to
associate the three dimensions of the SOLAT with a spe-
cific hemispheric dominance (e.g., Zalewski et al. 1992).
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More recently, some authors considered these concepts in
terms of “modes of thinking” or “hemispheric thinking
style” (e.g., Albaili 1993; Hassan and Abed 1999; Zhang
2002a, b), abandoning the association with a physical
side. Zhang (2002a, b) refers to the three styles: logi-
cal-analytical, holistic—intuitive and integrated.

The Italian version (Antonietti et al. 2005) is composed
of 28 items, containing two separate statements, one for
the left style and one for the right. The subjects may
choose which statement is more suitable, while having
the possibility of selecting both. The instrument provides
three different scores (SOLAT-L, SOLAT-R and SOLAT-
I). Italian SOLAT version showed a quite adequate inter-
nal-consistency reliability (¢ = .69) and a good fit of
global model (Person Separation Index = .71).

Kentucky inventory of mindfulness skills (KIMS)

The KIMS is a 39-item self-report used for the assess-
ment of mindfulness skills (Baer et al. 2004) that can be
used to evaluate population with or without meditation
experience. KIMS was designed to assess mindfulness
based on overall experience in every day life, through four
dimensions with the correspondent subscales: observa-
tion, description, acting with awareness and acceptance
without judgment. The observing skill refers to the ability
to attend to different stimuli including internal or exter-
nal phenomena. The second subscale refers to the ability
of describing observed phenomena using nonjudgmental
words. Acting with awareness refers to the tendency of
fully engaging every task and activity. The last ability
refers to accepting events or experiences without judging
them. Items are rated on a five-point Likert scale ranging
from 1 (never or very rarely true) to 5 (almost always
or always true); higher scores indicate a greater level of
awareness.

The KIMS was first used on the Italian population by
Capovilla et al. (2009), finding that subscales show a
good range of internal consistency (Cronbach’s alpha),
with scores that vary between a = .76 and @ = .88.

Statistical analysis

The data analysis was completed using the IBM SPSS Sta-
tistics, Version 20.0. Analyses of variance (ANOVA) and
repeated-measures ANOVAs were performed, assigning
groups as independent variables and each of the measured
parameters as dependent variables. With reference to the
reaction time (RT) parameters that showed a distribution
with indexes of asymmetry and kurtosis close to zero, the
data were directly analyzed, while in the case of an asym-
metric distribution, analyses were performed on the log-
transformed data.

Pearson’s correlation test was used to assess the associa-
tion between different cognitive skills, mindfulness skills
and years of practice. The alpha level was set to p < .05 for
all statistical tests. In case of significant effects, the effect
size of the test was reported. The effect sizes were computed
and categorized according to Cohen (1988).

Results
Stroop’s test

With reference to the ST, two parameters were analyzed:
correct responses (CRs) and mean RTs (see Table 2).
Repeated-measures ANOVA 2 (groups: non-meditators vs
meditators) X 2 (conditions: congruent color-word vs incon-
gruent color-word) was performed, with group as a between-
subject factor and the two conditions as a within-subject
factor. Groups shows no significant effect, while the interac-
tion groups x conditions revealed a significant effect, F(1,
102) = 2.2, p < 0.05, d = .78. This means that meditators,
in the CRs, are less influenced by the Stroop interference.
With reference to the RTs, groups showed significant
effect, F(1, 34) = 2.96, p = 0.05, d = .78. This means that
meditators present lower RT’s than the control group in both
the conditions. Despite the absence of significance in the
interaction groups X conditions, results reveal lower RTs
among meditators, especially for the incongruent task condi-
tion. T test for the incongruent color-word condition (both

Table 2 Mean reaction times
(in ms) and correct responses

Meditators (n = 18) Non-meditators (n = 18)

(in %) for each condition of the M (SD) % (SD) M (SD) % (SD)
ST and VS
Stroop test
Congruent color-word condition 1118.09 (307.81) 98 (0.06) 1628.21 (737.3) 98 (0.03)
Incongruent color-word condition ~ 1946.16 (1779.71) 55 (0.40) 2260.73 (1425.99) 33 (0.35)
Visual search
Target 820.47 (225.19) 91(0.1) 1118.84 (470.12) 94 (0.07)
Non-target 1204.78 (458.71) 100 (0) 1409.02 (523.68) 98.5 (0.01)
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for CRs and RTs) also shows significant difference, respec-
tively: #(35) =2.82, p < .05, #(35) =4.12, p < .01.

Visual search

Two parameters were analyzed: CRs and mean RTs of the
correct trials. The CRs refer to both the situation of finding
or not finding the target. ANOVAs were performed assign-
ing groups as independent variables. Given the simplicity
of the task, results show very high rates of correct answers,
exhibiting a ceiling effect. With reference to the RTs, groups
revealed a significant effect, F(1,34) = 3.96, p = 0.05,
d = .77. Meditators obtain a better performance, presenting
lower RTs (see Table 2).

N-back task

The test consists of three conditions, each with four
parameters. There are four types of possible responses:
hit, other, miss and false alarms. Table 3 shows means
and standard deviations for each factor. ANOVAs were
conducted to examine any group differences. Despite
the fact that the trend shows a greater number of correct
answers for the group of meditators, with reference to the
hit parameter (individuation of the target), there are no
differences between the two groups. Instead, meditators
are able to ignore more frequently the not-target stimulus
(other responses), F(1, 34) = 3.8, p = 0.05, d = .77; this
means that the meditators have a higher level of correct
answers, especially in the third condition that requires a
greater cognitive effort. The third parameter is related to

the omissions (miss responses); the analysis revealed that
meditators have a lower number of omissions compared
to the control group, but the differences are not statisti-
cally significant. With reference to the false alarms, there
are significant differences between the two groups, with
meditators presenting a lower number of false alarms, F(1,
34) = 3.2, p =0.05, d =.79. This means that meditators,
even when the task becomes more difficult, are able to
update efficiently the information in working memory, also
presenting higher attentional skills; in fact, they recognize
the target more frequently and also commit fewer false
alarms.
No differences emerged in the RTs of the two groups.

Backward masking

BM may be divided into two phases: recognition with-
out masking and recognition in the presence of the mask.
Repeated-measures ANOVA 2 (groups: non-meditators vs.
meditators) X 2 (conditions of the backward masking) was
performed, with group as a between-subject factor and the
two conditions as a within-subject factor. We analyzed RTs
of correct answers and the performance with reference
to the four types of responses (hit, other, miss and false
alarms). Table 4 shows means and standard deviations.
Despite the fact that the data reveal a better performance
for the group of meditators, with higher correct responses
and lower RTs, the differences between groups are not
statistically significant.

Table 3 Means and standard

o N-back task Meditators (n = 18) Non-meditators (n = 18)
deviations related to correct
responses and reaction times (in TR TR
ms) of the N-back task
M SD M (SD) M SD M (SD)
N-back 1 604.22 (168.77) 634.6 (303.96)
Hit 4.66 0.88 4.5 0.67
Other 14.58 0.66 14 1.53
Miss 0.33 0.88 0.5 0.67
False alarm 0.41 0.66 0.91 1.5
N-back 2 585.73 (230.52) 570.62 (238.19)
Hit 3.75 1.81 291 1.37
Other 13.66 1.49 13.16 1.94
Miss 1.25 1.81 2.08 1.37
False alarm 1.33 1.49 1.83 1.94
N-back 3 633.61 (290.57) 581.5(287.4)
Hit 2.66 1.43 1.83 1.11
Other 13.91 1.16 12.66 1.96
Miss 2.33 1.43 3.08 1.24
False alarm 1.08 1.16 2.33 1.96
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Table 4 Means and standard

. Backward masking
deviations related to correct

Meditators (n = 18)

Non-meditators (n = 18)

responses and reaction times (in TR TR
ms) of the BM
M SD M (SD) M SD M (SD)
BM 1 719.76 (233.49) 750.91 (202.69)
Hit 2 0 2 0
Other 7.75 0.62 7.83 0.38
Miss 0 0 0 0
False alarm 0.25 0.62 0.16 0.38
BM 2 384.49 (265.25) 471.43 (216.63)
Hit 1.08 0.79 1.41 0.66
Other 7 1.12 6.41 1.16
Miss 0.75 0.86 0.58 0.66
False alarm 1.16 1.02 1.58 1.16
110 7 110 ~
100 - T/X\X’T____T___,THT 100
1 1
90 - L t - + 90 s s
+ a L
— = 80 T 1 I 1
= 80 b3
70
5 © 60
NS
c\° 60 4 50 -
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50 1 40 -
—t— Meditators Non Meditators
40 30 T T T T T T 1
Non Meditators Lag 1 Lag2 Lag3 Lag4 Lag5 Lag6 Lag7
30 T T T T T T 1
Lagl Lag2 Lag3 Lag4 Lag5 Lag6 Lag7 Lags

Lags

Fig. 1 Performance of the two groups referred to T1 for each lag of
the attentional blink

Attentional blink

Repeated-measures multivariate analysis of variance
(MANOVA) 2 (groups: non-meditators vs. meditators) X 2
(target sequence: T1 and T2) X 7 (time intervals: lag 1, 2,
3,4,5, 6, 7) was performed, with groups as a between-
subject factor and targets (1 and 2) and the seven inter-
vals of time (lag) as a within-subject factor. The paradigm
supposes that people have greater difficulty to locate the
second target, while the first is easily recognizable. As
expected, the proportion of correct responses to T1 was
high with no differences between the two groups and the
target sequence was significant, F(1, 34) =46.9, p < 0.01,
d = .98. As for the time intervals (lags), results show the
classical lag effect, with a dropdown in performance
with lag 2, 3, 4 and 5; after 500 ms the performance was
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Fig. 2 Performance of the two groups referred to T2 for each lag of
the attentional blink

optimal once again (see Figs. 1, 2). With reference to the
interaction target sequence x lag, there is a significant
effect, F(6, 102) = 2.8, p < 0.005, d = .93. Bonferroni
post hoc comparisons (¢ test, p < .01) were carried out
only on the T2 showing significant effects between lag 1
and lags 2, 3, 4, 5 and between lag 6 and lags 2, 3, 4, and
5. With reference to the interaction groups X lag, there is
a significant effect, F(1, 102) = 21.34, p < 0.01, d = .77,
post hoc comparisons (Bonferroni) on T2 were carried
out for the interaction effect. The performances were sig-
nificantly worse in the lags 2 and 3 for non-meditators as
opposed to meditators. The general trend reveals that the
group of meditators presents a better performance through
the task; in particular, the AB was smaller between the
critical lags (2 and 5). This means that meditators display
a more parallel processing mode, increasing accuracy, with
a more efficient distribution of attentional resources over
the two targets.
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Table 5 Means and standard deviations related to each subscale of
the SOLAT and the KIMS

Meditators Non-medita-
(n=18) tors (n = 18)
M SD M SD
Style of learning and thinking
LH-dominant profile 691 4.5 1275 4091
RH-dominant profile 12.16 423 10.58  5.19
Integrated profile 891  6.45 466 3.7
Kentucky inventory of mindfulness skills
Observation 51.33  6.03 36.08 5.35
Description 3291 45 32.16 39
Acting with awareness 35 6.87 3827 547
Acceptance without judgment ~ 30.25 3.25 29.08  4.64
16 A
Meditators
14 A -
T ["1Non Meditators
12 4 . J- .
$ 101
S
9
a8
=
o
E T
4 -
2 -
0 T 1
LH-Dominant RH-Dominant Integrated Profile
Profile Profile
Subscales

Fig. 3 Mean scores for the groups related to each subscale of the
style of learning and thinking. Error bars represent 95% confidence
intervals

Style of learning and thinking

With reference to the styles of learning and thinking, results
show significant differences between the two groups; in par-
ticular, the meditators present higher scores for SOLAT-I,
F(1,22)=17.9,p <0.01, d = .87 (see Table 5).

Figure 3 shows that the group of non-meditators has a
dominant left index profile (as normal population distri-
bution), indicating a preference for structured tasks to be
solved by following a systematic method, while, as expected,
results reveal that the integrated profile is predominant in the
meditators group, meaning that the mental exercise that is
associated with the meditation practice can lead to greater
dynamic modes of thinking, namely the ability to modulate
different strategies in specific situations.

Kentucky inventory of mindfulness skills

ANOVA 2 (groups: non-meditators vs. meditators) X 4 (sub-
scales: observation, description, acting with awareness and
acceptance without judgment) was performed to analyze
mindfulness skills.

Results for the four subscales are summarized in Table 5.
Results show a significant difference between the two groups
for the observation subscale, F(1, 34) = 42.9, p < 0.01,
d = .88. This means that meditators present a higher level
of the observation skill, indicating that they pay more atten-
tion to body changes in terms of sensations and emotions,
as well as external phenomena.

Correlations between cognitive performances,
mindfulness skills and years of practice

With reference to the relationship between the different cog-
nitive skills, results show positive correlations with most
of the examined variables, which vary between r = .32,
p < .0l and r = .62, p < .01 (see Table 6 for the most impor-
tant correlations). For example, positive correlations were
found between the KIMS observation subscale and SOLAT-
I(r=.62, p < .01) and negative correlations were found

Table 6 Correlation matrix referred to the most significant cognitive parameters and the years of practice of the meditators

Variables KIMS SOLAT-I Stroop test Visual N-back task Attentional
observation search RT blink
RT CR Other responses False alarms Lag 3 Lag 4

KIMS

Observation - 62%% ST S6%* .08 32% — .36%* Al* 53k
SOLAT

SOLAT-I .62%%* - 32% 36%* 12 STH* - .36% 61%%* LS4k
Mean years of practice .62%* S9%* 4% A3 21 37* —.32% 36%* A3

*p < .05 %% p< 01
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with the N-back task false alarms (r = — .36, p < .05). This
indicates that high levels of mindfulness skills, in particu-
lar observational skills, are correlated with learning and
thinking styles (SOLAT-I) and are linked to the efficiency
in updating information in working memory. Most of the
cognitive variables are correlated, with the exception of the
VS parameters; this is probably due to the great simplicity
of the task itself. The same pattern is found when examin-
ing the relationship with the meditation expertise (in terms
of years of practice); results demonstrate that there is a
positive correlation with most of the cognitive variables,
which vary between r = .36, p < .01 and r = .62, p < .01.
This means that greater expertise is associated with a better
performance.

Discussion

The present study investigated the relationship between
meditation and different cognitive processes. The aim was
to confirm that long-term practice can increase attentional
skills, and to evaluate the effect on working memory, visual
search abilities and cognitive flexibility. Furthermore, the
two groups (meditators vs non-meditators) were compared
on self-reported mindfulness and thinking styles, expecting
higher levels of the first and that meditators present dynamic
modes of thinking (integration of different modes). In line
with previous reports, results demonstrate significant differ-
ences between the two groups, indicating that there is a link
between long-term meditation practice and some high-order
cognitive processes.

As has been pointed out, attention skills are fundamen-
tal in the practice of meditation. Within the different types
of meditation, attentional regularity strategies are essential
(Lutz et al. 2008); for instance, the FA meditation focuses
on attentional control, implying different processes, such
as sustained attention, inhibition and switching (Lutz et al.
2008). For this reason, many studies have focused mainly on
the beneficial effect of meditation on the ability to allocate
attention over time (Colzato et al. 2015a, b; Slagter et al.
2007). Using the AB paradigm, our observations are in line
with previous reports showing that long-term practice is
associated with smaller ABs (Colzato et al. 2015a, b; Slagter
et al. 2007; Van Leeuwen et al. 2009). Comparing the two
groups, there were no differences in the performance related
to the first target, while non-meditators had greater diffi-
culty recognizing the second target. Meditators presented
better ABs, especially within the critical lags, demonstrating
the ability to display a more parallel way of processing and
distributing attention in a more functional way. Although
there are evident limitations for cross-sectional studies, data
suggest possible effects that are corroborated by a longitudi-
nal test—retest design that uses the electroencephalography
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(EEG) to investigate the effects of meditation on the distri-
bution of attentional resources. Slagter et al. (2007) found
that after 3 months of practice, participants showed a sig-
nificant reduction in the size of the AB, confirming previous
results.

Furthermore, to evaluate in more detail the two mecha-
nisms that govern the process of visual attention tasks,
namely the activation and inhibition of irrelevant informa-
tion, we used another test, the VS. This confirmed significant
differences between the two groups, with meditators obtain-
ing lower RTs throughout the different tasks and therefore
better performances in the visual attention abilities.

Meditation implies self-regulation; this means the abil-
ity to sustain attention on a intended object as supported by
two complementary components: resolving conflicts among
stimuli (inhibition) and the ability to redirect the focus on
the intended object if attention wanders (switching); both
abilities can be seen as core aspects of cognitive flexibility
(Lee and Orsillo 2014). Few studies have analyzed cognitive
flexibility alone, while it has been associated with other pro-
cesses. For example, Moore and Malinowski (2009) evalu-
ated the link between meditation, self-reported mindfulness
and different cognitive processes. Following the idea that
cognitive flexibility implies the ability to interrupt or de-
automate automatic responses, they used a well-established
measure: the ST. This test provides evidence of the difficulty
to suppress irrelevant information and interrupt automatic
processes (Stroop effect). The authors found that medita-
tors performed significantly better than non-meditators on
all measures of attention, and displayed decreased Stroop
interference; furthermore, mindfulness skills were higher
for the meditators with positive correlations to the atten-
tional measures (Moore and Malinowski 2009). Consistent
with previous research, the results in the present study show
better performances in the ST, in terms of CRs and in the
RTs, demonstrating less influence of Stroop interference.
Moreover, positive correlations were found between both the
parameters of the ST and the levels of self-reported mindful-
ness (observational skills). Previous research had obtained
similar results even with short-term practice: Only 12 min of
MM seems to influence the way people respond to the Stroop
task, reducing habitual responding (Zeidan and Faust 2008).
Different results were obtained in a longitudinal study that
failed to find positive effects on attentional processes after an
8-week mindfulness program as assessed by various meas-
ures of attention including Stroop interference (Anderson
et al. 2007).

The literature presents extensive evidence that the prac-
tice of meditation leads also to positive effects in terms of
well-being, emotional self-regulation and specific cognitive
functions (Tang et al. 2007; Wallace and Shapiro 2006);
even so, besides attentional skills, to our knowledge not
many studies have focused on different aspects of cognition,
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such as executive functioning and visuospatial processes.
In a previous study that had the aim of evaluating the effect
of short-term meditation on mood and on several cognitive
tasks, Zeidan et al. (2010) compared a group of subjects
who were involved in sessions of brief mindfulness training
with a control group who was exposed to an alternative task,
finding that even brief meditation can enhance the ability to
sustain attention and improve visuospatial processing, work-
ing memory and executive functioning (Zeidan et al. 2010).
These results are convergent with the findings in the present
study; along with the extended evaluation of the attentional
skills, we also examined visual processes and working mem-
ory abilities. Our findings provide evidence that long-term
meditation can influence working memory, in terms of both
accuracy in discrimination and the ability to maintain it over
time. The performance of meditators was significantly bet-
ter, especially when related to two of the four conditions of
the N-back task; meditators are able to ignore the not-target
stimulus (other responses), meaning that they obtain higher
levels of correct answers, which is confirmed by fewer false
alarms: Meditators were able to reduce incorrect answers,
even when the task increases in difficulty. These results dem-
onstrate the ability to efficiently update information in work-
ing memory, maintaining focus for the time necessary to
retrieve and refresh information. The presence of higher RTs
for the experimental group suggests the use of strategies,
which even if they decrease the response velocity, increase
the probability of giving the correct answer.

Contrary to predictions, though results were higher for
the meditators, we did not find significant evidence of dif-
ferences between the two groups when compared for visual
process abilities. While different visual attention tasks have
provided extensive evidence to suggest that meditators per-
form better at allocating attention over time, conversely the
use of the BM enabled the analysis of earlier pre-attentive
levels of visual processing. Presently, there is no agreement
in the literature as to which attentional processes the test
measures; indeed, masking is not a unitary phenomenon
(Breitmeyer and Ogmen 2000). Some authors affirm that it
refers to early stages of human information processing, oth-
ers to top-down processes (Breitmeyer 1984); nevertheless,
the influence solely of attention in visual masking cannot
explain the large extent of theories that have been proposed
throughout the years (Breitmeyer and Ogmen 2000). No dif-
ferences were found between meditators and non-meditators
for the performances of the BM; these results are interpreted
according to theories claiming that the BM is a measure of
early stages of visual processes (e.g., Turvey 1973). There-
fore, it is probable that the nature of the task does not allow
for an evaluation of mechanisms of attentional engagement
and disengagement (as the AB task does), and meditation
may influence attention more than the early stages of infor-
mation processing.

A further goal of the present study was to evaluate the
effect of meditation practice on different aspects of mindful-
ness skills. Results reveal that the meditators obtain higher
scores especially for the observation subscale, suggesting
the ability to pay attention to different stimuli including
internal or external phenomena. These results are in line
with the definition of meditation itself as a family of regu-
latory strategies that should allow the accomplishment of
self-monitoring and meta-awareness, defined as the ability
to reflect or be aware of ongoing thoughts or mental states
(Smallwood et al. 2007). Other studies have investigated
this aspect, focusing on the relationship between medita-
tion, self-reported mindfulness and cognitive flexibility,
finding higher levels of mindfulness skills that were also
positively correlated with all attention measures (Moore and
Malinowski 2009). Importantly, in the present study, results
show positive correlations between the observation subscale
and the performances in most of the cognitive parameters,
indicating a relationship between meditation skills, atten-
tional performance and cognitive flexibility. It is likely that
no other difference emerged because of the prevalence of FA
techniques used by the participants, which are characterized
by self-monitoring and regulation of attention; it is probable
that we would have found a major difference in the remain-
ing subscales for OM meditators.

While only longitudinal studies that examine the
changes over time may fully resolve the uncertainties and
the limitations of cross-sectional designs, extensive data
provide evidence that meditation can have an effect on dif-
ferent executive processes, namely attentional processes,
working memory and cognitive flexibility in general. As
has been pointed out, the novelty of this study was to
evaluate, apart from different cognitive functions, the link
between meditation and thinking styles. We hypothesized
that long-term practice could have an effect on the way
people rely on different thinking styles, in terms of pref-
erences in using different strategies, such as logical-ana-
lytical, holistic—intuitive and the integration of both. The
preference for both modes of thinking has been interpreted
as the capacity of processing information in an interactive
and dynamic way (Zhang 2006). Even if recent evidence
using Torrance’s model has mistakenly used the term brain
dominance (e.g., Zalewski et al. 1992), researchers have
proved that the SOLAT is a good measure of preferred
mode of thinking and processing information (Antonietti
et al. 2007; Zalewski et al. 1992; Zhang 2002a). Results
show that non-meditators present a left-dominant profile;
even if for the right-dominant profile results do not evi-
dence a statistical difference, the group of meditators show
a preference for an holistic manner of processing infor-
mation and intuitive strategies (right-dominant profile).
This result is in line with the idea that the holistic mode
of thinking is creativity-generating (Zhang 2006; Zhang
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and Sternberg 2006), and is widely known that meditation
practice leads to a creative mode of cognition (Glicksohn
1998; Horan 2009). As expected, meditators exhibit higher
scores for the integrated profile, meaning that the mental
training associated with meditation can improve cognitive
flexibility in terms of the ability to use different thinking
strategies when needed.

Bearing in mind the major limitation of the present study,
that is the cross-sectional design, there is consistent evidence
that long-term meditation can have an influence on many
aspects of cognitive processes; as hypothesized, medita-
tion training can improve attentional performance, working
memory and enhance cognitive flexibility, namely the ability
to modulate different strategies in specific situations.

Acknowledgements The authors would like to thank Romeo, Z., Cic-
cocioppi, L. and Scalici, F. for their assistance in data collection.

References

Albaili MA (1993) Inferred hemispheric thinking style, gender, and
academic major among United Arab Emirates college students.
Percept Mot Skills 76:971-977

Anderson ND, Lau MA, Segal ZV, Bishop SR (2007) Mindfulness-
based stress reduction and attentional control. Clin Psychol Psy-
chother 14:449-463

Antonietti A, Fabio RA, Boari G, Bonanomi A (2005) The question-
naire “Style of Learning and Thinking” (SOLAT): psychometric
data, validation, and standardization of the Italian version. TPM
Test Psicometria Metodol 12:299-316

Antonietti A, Colombo B, Bartolomeo A (2007) Thinking style, brows-
ing primes and hypermedia navigation. Comput Educ 49:916-941

Baer RA, Smith GT, Allen KB (2004) Assessment of mindfulness by
self-report: the Kentucky inventory of mindfulness skills. Assess-
ment 11(3):191-206

Barinaga M (2003) Studying the well-trained mind. Science
302(5642):44-46

Bennett JE, Trinder J (1977) Hemispheric laterality and cognitive
style associated with transcendental meditation. Psychophysiol-
ogy 14(3):293-296

Berkovich-Ohana A, Glicksohn J, Ben-Soussan TD, Goldstein A
(2016) Creativity is enhanced by long-term mindfulness training
and is negatively correlated with trait default-mode-related low-
gamma inter-hemispheric connectivity. Mindfulness 8(3):717-727

Breitmeyer BG (1984) Visual masking: an integrative approach. Oxford
University Press, New York

Breitmeyer BG, Ganz L (1976) Implications of sustained and transient
channels for theories of visual pattern masking, saccadic suppres-
sion, and information processing. Psychol Rev 83:1-36

Breitmeyer BG, Ogmen H (2000) Recent models and findings in visual
backward masking: a comparison, review, and update. Percept
Psychophys 62(8):1572-1595

Caiias JJ, Quesada JF, Antoli A, Fajardo I (2003) Cognitive flexibility
and adaptability to environmental changes in dynamic complex
problem-solving tasks. Ergonomics 46(5):482-501

Capovilla E, Cason E, Giommi F (2009) Mindfulness in psicologia: un
percorso di consapevolezza. In: Menichetti ET, Romeo M (eds)
Professionalita ed innovazioni in psico-oncologia. Avenue Media,
Bologna, pp 119-120

@ Springer

Chiesa A, Serretti A (2009) Mindfulness-based stress reduction for
stress management in healthy people: a review and meta-anal-
ysis. J Altern Complement Med 15(5):593-600

Cohen J (1988) Statistical power analysis for the behavioral sciences,
2nd edn. Erlbaum, Hillsdale

Colzato LS, Sellaro R, Samara I, Hommel B (2015a) Meditation-
induced cognitive- control states regulate response-conflict
adaptation: evidence from trial-to-trial adjustments in the Simon
task. Conscious Cogn 35:110-114

Colzato LS, Sellaro R, Samara I, Baas M, Hommel B (2015b) Medi-
tation-induced states predict attentional control over time. Con-
scious Cogn 37:57-62

Corbetta M, Shulman GL (2002) Control of goal-directed and stim-
ulus-driven attention in the brain. Nat Rev Neurosci 3:201-215

Davidson RJ, Kabat-Zinn J, Schumacher J, Rosenkranz M, Muller D,
Santorelli SK, Urbanowski F, Harrington A, Bonus K, Sheridan
JF (2003) Alterations in brain and immune function produced by
mindfulness meditation. Psychosom Med 65:564-570

Fabio RA, Towey GE (2017) Cognitive and personality factors in
the Regular practice of martial arts. J Sports Med Phys Fitness.
https://doi.org/10.23736/S0022-4707.17.07245-0

Fabri M, Antonietti A, Giorgetti M, Tonetti L, Natale V (2007) Cir-
cadian typology and style of thinking differences. Learn Individ
Diff 17:175-180

Fan J, Flombaum JI, McCandliss BD, Thomas KM, Posner MI
(2003) Cognitive and brain consequences of conflict. Neurol-
mage 18:42-57

Fitzgerald D, Hattie JA (1993) An evaluation of your style of learn-
ing and thinking inventory. Br J Educ Psychol 63:336-346

Glicksohn J (1998) States of consciousness and symbolic cognition.
J Mind Behav 19:105-118

Grigorenko EL, Sternberg RJ (1995) Thinking styles. In: Saklofske
D, Zeidner M (eds) International handbook of personality and
intelligence. Plenum, New York, pp 205-229

Hariri AR, Bookheimer SY, Mazziotta JC (2000) Modulating emo-
tional responses: effects of a neocortical network on the limbic
system. NeuroReport 11(1):43-48

Hassan MM, Abed AS (1999) Differences in spatial visualization as
a function of scores on hemisphericity of mathematics teachers.
Percept Mot Skills 88:387-390

Horan R (2009) The neuropsychological connection between creativ-
ity and meditation. Creat Res J 21:199-222

Kabat-Zinn J (1994) Wherever you go there you are: mindfulness
meditation in everyday life. Hyperion, New York

Kane MJ, Conway ARA, Miura TK, Colflesh GJH (2007) Working
memory, attention control, and the n-back task: a question of
construct validity. J Exp Psychol Learn Mem Cogn 33:615-622

Knight J (2004) Religion and science: Buddhism on the brain. Nature
432(7018):670

Lee JK, Orsillo SM (2014) Investigating cognitive flexibility as a
potential mechanism of mindfulness in generalized anxiety dis-
order. J Behav Ther Exp Psychiatry 45:208-216

Lenartowicz A, Escobedo-Quiroz R, Cohen JD (2010) Updating of
context in working memory: an event related potential study.
Cogn Affect Behav Neurosci 10(2):298-315

Leng YL, Hoo CT (1997) Explaining the thinking, learning styles,
and cognition constructs. Math Educ 2(1):113-127

Lippelt DP, Hommel B, Colzato LS (2014) Focused attention, open
monitoring and loving kindness meditation: effects on attention,
conflict monitoring, and creativity—a review. Front Psychol
5:1083

Lutz A, Slagter HA, Dunne J, Davidson RJ (2008) Attention regula-
tion and monitoring in meditation. Trends Cogn Sci 12:163-169

MacLeod CM (1991) Half a century of research on the Stroop effect:
an integrative review. Psychol Bull 109:163-203


https://doi.org/10.23736/S0022-4707.17.07245-0

Cogn Process (2018) 19:73-85

85

Michaels CF, Turvey MT (1979) Central sources of visual masking:
indexing structures supporting seeing at a single, brief glance.
Psychol Res 41:1-61

Miller EK, Cohen JD (2001) An integrative theory of prefrontal cortex
function. Annu Rev Neurosci 24:167-202

Moore A, Malinowski P (2009) Meditation, mindfulness and cognitive
flexibility. Conscious Cogn Int J 18(1):176-186

Olivers CNL, Nieuwenhuis S (2005) The beneficial effect of concur-
rent task-irrelevant mental activity on temporal attention. Psychol
Sci 16:265-269

Olivers CNL, Nieuwenhuis S (2006) The beneficial effects of addi-
tional task load, positive affect, and instruction on the attentional
blink. J Exp Psychol Hum Percept Perform 32(2):364-379

Pagnoni G, Cekic M (2007) Age effects on gray matter volume and
attentional performance in Zen meditation. Neurobiol Aging
28(10):1623-1627

Petro NM, Keil A (2015) Pre-target oscillatory brain activity and the
attentional blink. Exp Brain Res 233(12):3583-3595

Posner MI, Rothbart MK (2007) Research on attention networks as
a model for the integration of psychological science. Annu Rev
Psychol 58:1-23

Raven JC (1938) Standard progressive matrices: a perceptual test of
intelligence. Lewis, London

Shimamura AP (2000) Toward a cognitive neuroscience of metacogni-
tion. Conscious Cogn 9:313-323

Slagter HA, Lutz A, Greischar LL, Francis AD, Nieuwenhuis S, Davis
JM, Davidson RJ (2007) Mental training affects distribution of
limited brain resources. PLoS Biol 5(6):e138

Smallwood J, McSpadden M, Schooler JW (2007) The lights are on but
no one’s home: meta-awareness and the decoupling of attention
when the mind wanders. Psychon Bull Rev 14(3):527-533

Springer SP, Deutsch G (1997) Left brain, right brain. Freeman, New
York

Stroop JR (1935) Studies of interference in serial verbal reactions. J
Exp Psychol 18:643-661

Tang YY, Yinghua W, Wang J, Yaxin F, Feng S, Lu Q, Yu Q, Sui D,
Rothbart MK, Fan M, Posner MI (2007) Short term meditation
training improves attention and self- regulation. Proc Natl Acad
Sci 104(43):17152-17156

Tang Y-Y, Ma Y, Fan Y, Feng H, Wang J, Feng S, Lu Q, Hu B, Lin
Y, LiJ, Zhang Y, Wang Y, Zhou L, Fan M (2009) Central and
autonomic nervous system interaction is altered by short-term
meditation. Proc Nat Acad Sci 106 (22):8865-8870

Torrance EP (1966) Torrance tests of creative thinking: norms and
technical manual-research edition. Personnel Press, Princeton

Torrance EP (1981) Implications of whole-brained theories of learn-
ing and thinking for computer-based instruction. J] Comp Based
Instr 7(4):99-105

Torrance EP (1982) Hemisphericity and creative functioning. J Res
Dev Educ 15:29-37

Torrance EP, McCarthy B, Kolesinski MT (1988) Style of learning and
thinking. Scholastic Testing Service, Bensenville

Treisman A, Gormican S (1988) Feature analysis in early vision: evi-
dence from search asymmetries. Psychol Rev 95:15-48

Treisman A, Sato S (1990) Conjunction search revisited. J Exp Psychol
Hum Percept Perform 16:459-478

Turvey MT (1973) On peripheral and central processes in vision: infer-
ences from an information-processing analysis of masking with
patterned stimuli. Psychol Rev 80:1-52

Van Leeuwen S, Miiller NG, Melloni L (2009) Age effects on
attentional blink performance in meditation. Conscious Cogn
18:593-599

Wallace BA, Shapiro S (2006) Mental balance and well-being: building
bridges between Buddhism and western psychology. Am Psychol
61(7):690-701

Weissman DH, Roberts KC, Visscher KM, Woldorff MG (2006) The
neural bases of momentary lapses in attention. Nat Neurosci
9:971-978

Wolfe JM (1994) Guided search 2.0. A revised model of visual search.
Psychon Bull Rev 1:202-238

Yamaguchi S, Yamagata S, Kobayashi S (2000) Cerebral asymmetry of
the top-down allocation of attention to global and local features.
J Neurosci 20:1-5

Zalewski LJ, Sink CA, Yachimowicz DJ (1992) Using cerebral domi-
nance for education programs. J Gen Psychol 119(1):45-57

Zeidan F, Faust M (2008) The effects of brief mindful training on
cognitive control. In: Southeastern psychological association con-
ference, Charlotte, NC

Zeidan F, Johnson SK, Diamond BJ, David Z, Goolkasian P (2010)
Mindfulness meditation improves cognition: evidence of brief
mental training. Conscious Cogn Int J 19(2):597-605

Zhang LF (2002a) Thinking styles and modes of thinking: implications
for education and research. J Psychol 136(3):245-261

Zhang LF (2002b) Thinking styles: their relationships with modes of
thinking and academic performance. Educ Psychol 22(3):331-348

Zhang LF (2006) Preferred teaching styles and modes of thinking
among university students in mainland China. Think Skills Creat
1:95-107

Zhang LF, Sternberg RJ (2006) The nature of intellectual styles.
Mahwah, NJ: Lawrence Erlbaum

@ Springer



	Long-term meditation: the relationship between cognitive processes, thinking styles and mindfulness
	Abstract 
	Introduction
	Methods
	Participants and procedure
	Measures
	Stroop’s test (ST)
	Visual search (VS)
	N-back task
	Backward masking (BM)
	Attentional blink (AB)
	Style of learning and thinking
	Kentucky inventory of mindfulness skills (KIMS)

	Statistical analysis

	Results
	Stroop’s test
	Visual search
	N-back task
	Backward masking
	Attentional blink
	Style of learning and thinking
	Kentucky inventory of mindfulness skills
	Correlations between cognitive performances, mindfulness skills and years of practice

	Discussion
	Acknowledgements 
	References




