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The construct of “mindfulness” has increasingly become a focus of research related to
meditation practices and techniques. There is a growing body of research indicating clinical
efficacy from therapeutic use, while cognitive neuroscience has provided an insight into
the brain regions and mechanisms involved. Significantly, these approaches converge to
suggest that attention is an important mechanism with trainable sub-components. This
article discusses the role of attention and argues that memory has been neglected as a
potential key mechanism in mindfulness-meditation practices. Specifically, it proposes
that working memory offers a useful model for integrating and understanding the different
mental devices that are used in meditation and suggests a model with the potential to
provide a comprehensive account of how the apparent benefits of these practices arise.
This call for a more comprehensive and integrated approach is necessary if the study and
application of meditation are to become more than a parochial concern.
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Attention and working memory have long been of interest to psychologists
and cognitive scientists. In general terms, the study of attention investigates
how we are able to select discrete stimuli from the environment while inhibiting
irrelevant stimuli. This can be in the form of endogenous stimuli, where we
intend to select items based on task characteristics; or it can be exogenous,
where stimuli are selected through more automatic processes (e.g., something
falls towards you and captures your attention). Hence, our ability to function
efficiently is very much linked to attention and working memory, where the latter
allows information selected (either from the environment or from long term
memory) to be held and manipulated in order to perform a task or decision.
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The involvement of attention and working memory in various cognitive tasks
has been of interest to both basic and applied psychologists. Recently, this
interest has been engaged in investigating practices of mindfulness meditation,
where researchers from clinical, cognitive, and neuroscience fields have been
trying to understand how cognitive techniques (e.g., counting the breath) can
lead to improved health outcomes. There is now a growing body of research that
is experimentally pursuing a cognitive understanding of mind—body medicine.

In her historical account of mind—body medicine, Harrington (2008) identifies
six accounts of how people view and experience mind-body connections. These
accounts highlight a somewhat cyclical trend where, initially, a mind-body
phenomenon is viewed skeptically by science only for it to later be embraced
and then to fall once again to scientific skepticism. For instance, Mesmer
helped discredit certain sensational practices of exorcism, but his animal magnetism
explanation for behaviors seen in the possessed was also in turn dismissed
(Harrington, 2008). A similar cycle can be observed to some extent in the
study of meditation, where emphasis has moved from the relaxation response
to mindfulness.

However, over time and across a varied selection of phenomena (e.g., placebo
effects, mantra chanting, positive thinking, relaxation response, mindfulness),
scientific data have shown that such mind-body experiences have some clinical
efficacy (see again Harrington, 2008 for a review). For example, the placebo
effect, where patients’ treatment expectations lead to experience of improve-
ments, has been observed at the neuronal level. Placebo effects in depression,
pain, and Parkinson’s disease may share common circuitry involved in neural
systems mediating expectancy and appraisal (Wager, 2005). Chiesa, Brambilla,
and Serritti (2010) report that an overlap exists between cerebral areas activat-
ed by placebo and areas activated during psychotherapy, pharmacotherapy, and
mindfulness meditation.

More recently, evidence indicates that the central mechanism involved in
meditation is attention (e.g., Lutz, Slagter, Dunne, and Davidson, 2008). Here,
[ hope to extend this focus to review mindfulness and other related meditation
techniques in relation to attention and working memory. Moreover, [ propose
that Baddeley's (1986, 2000, 2001) working memory model provides a rationale
for integrating our understanding of these techniques, and offers an explanation
for how meditative techniques may benefit the practitioner.

Mindfulness

Mindfulness and its associated meditation techniques have a long history in
spiritual traditions. For instance, Hinduism, Buddhism, Judaism, Christianity,
and Islam (in particular Sufism) have contemplative and meditational aspects.
Earlier studies on transcendental meditation and the use of mantras led to
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research on the relaxation response (Benson, 1975). Much of the focus of current
studies into the benefits of mindfulness come from Buddhist traditions, which
themselves date back approximately 2,500 years to the time of the historic
Buddha (Buddha Shakyumuni). The utilization and adaption of these Buddhist
techniques may come from a pragmatic connection with Western psychology
in that Buddhism is non-theistic; this may make its presentation to a secular
Western context more amenable.

In general, mindfulness refers to a broad set of meditative style techniques
that brings awareness into the current moment. Awareness in this context
means there is recognition of stimuli and rising mental activity, though the
mind does not necessarily elaborate the experience with discursive thoughts.
For example, there may be awareness of a bright light without the need to
think, “Oh, there is a bright light, I should turn it off.” The techniques used
range from bringing attention to objects, bodily sensations and the breath, feelings
and thoughts. Hence, the aim is to simply observe rather than discursively analyze
the object of focus. However, it is inevitable, especially for a beginner, that
thoughts will intrude and disrupt the focused concentration. In this case, the
intention is not that someone should try to actively suppress the thoughts nor
that the thoughts should be followed and indulged. Instead, the practitioner
simply acknowledges the presence of the thought and then redirects attention
back to the object of focus.

Relevant to these techniques is Wegner, Schneider, Carter 111, and White's
(1987) negative cueing hypothesis. Wegner et al. showed that more thoughts
occurred about a cue the participants were not supposed to think of (a white
bear) than did when participants were free to think of it. However, the use of
a focused distractor (a red Volkswagen) with the instruction that “if you happen
to think of a white bear, please try to think of a red Volkswagen instead” (p. 10)
attenuated this effect. Wegner et al. concluded, “it appears that when suppres-
sion is transformed into an active interest in a single distracter, the longer term
dangers of a rebounding pre-occupation with the suppressed thought may be
prevented” (p. 12). In the case of mindfulness meditation, the focus helps the
practitioner avoid all discursive thoughts. These techniques are not passive as
there is an active task of remembering the object of focus.

Mindfulness in Therapy

Currently, these techniques have been incorporated into a number of psycho-
logical therapies, such as mindfulness-based stress reduction, mindfulness-
based cognitive therapy, dialectical behavior therapy, acceptance and commitment
therapy, and relapse prevention (Hayes, Strosahl, and Wilson, 1999; Kabat-Zinn
et al., 1992; Linehan, 1993a, 1993b; Marlatt and Gordon, 1985; Segal, Williams,
and Teasdale, 2002). For example, mindfulness-based cognitive therapy incorpo-
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rates cognitive therapy principles and practice into a mindfulness framework
(Segal et al., 2002). While thoughts may be a focus of the therapy, there is a
broader scope that extends to feelings and bodily sensations. For example,
Segal et al. detail an eight-session program that includes activities such as body
scan meditation (where attention is given to the physical sensations occurring
in different parts of the body) and mindfulness of the breath, while activities
relating to thoughts take the form of recognizing that “thoughts are not facts”
and being open to them by holding “. . . them in awareness, with a gentle interest
and curiosity . . .” (p. 266). In essence, the techniques alleviate problems due
to rumination over negative events and hopelessness towards the future.
Moreover, there is encouraging evidence to show that they are effective. In the
case of mindfulness-based cognitive therapy, a number of studies have shown
that it is effective in preventing a relapse in those who have repeated episodes
of major depression (e.g., Bondolfi et al., 2010; Coelho, Canter, and Ernst,
2007; Kuyken et al., 2008; Segal et al., 2002).

Mechanisms of Mindfulness

Researchers have embarked on discussing the operational definition of
mindfulness and in general, attention has been the core focus. Bishop et al.
(2004) proposed two key components to mindfulness: self-regulation of attention
(i.e., the ability to sustain attention), and orientation towards present moment
experiences (e.g., curiosity, openness, and acceptance). These components are
quite broad in their scope, and in the case of attention there is a failure to capture
its multifaceted nature. For example, three key attentional mechanisms are attentional
orienting, engaging attention, and monitoring (Lutz et al., 2008). Moreover, there
is more to the techniques than just sustaining attention, as all “minds” will
tend to wander from the task as thoughts intrude. Thus, remembering the task
(what should be the focus) and returning attention to it is also a key skill. This
is something that is recognized in Buddhist psychology but is yet to be fully
acknowledged by Western psychology. For example, the Tibetan Buddhist scholar
Thrangu Rinpoche (2001, pp. 105-106) states, “By applying the faculty of
memory as mindfulness, one’s meditation remains free from error or deviation.”

Other models such as that of Shapiro, Carlson, Astin, and Freedman (2006)
suggest the mechanisms of mindfulness include intention and attitudes as well
as attention but do not specifically incorporate types of memory processing
into these constructs. Therefore, any cognitive description of mindfulness
should take into account both concentration and remembering. This should
include the working memory model (Baddeley, 2000, 2001; Baddeley and
Hitch, 1974) which offers not only a good description of mindfulness practice
as currently employed and understood in Western psychology, but also suggests
that techniques which have not been adapted or incorporated, yet are part of
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Eastern spiritual mindfulness practices, may well offer further benefit in thera-
peutic settings. In particular, I am referring to visualization and recitation
(mantra) practices that also incorporate positive affective content and focus
on compassion. While there has been a skillful transformation of terminology
from those used in Eastern spiritual traditions to those used in Western medicine,
not all components of the Eastern tradition have been equally emphasized in
Western psychological practice. Along with visualization and mantra, ethics and
compassion training are rarely considered, and yet they form a fundamental
core of Fastern (Buddhist) practice (see Fredrickson, Cohn, Coffey, Pek, and
Finkel, 2008 for an example). This may have important implications for the
level of effectiveness of the mindfulness techniques employed.

Attention and Working Memory in Mindfulness—-Meditation Techniques

Working memory manipulates information held in short term and long term
memory. For example, the process of solving an equation requires remembering
the equation (short term memory) and how to solve it (long term memory).
Working memory consists of a supervisory attentional system (central executive)
that is assisted by two slave systems, one for verbal information (phonological
loop) and one for visual-spatial information (visuospatial sketch pad), while an
episodic buffer incorporates this information (Baddeley, 2000, 2001; Baddeley
and Hitch, 1974). The distinction between the visual and verbal aspects has
been demonstrated in a large body of classic experiments and is consistent with
neuroimaging evidence that shows different patterns of brain activation for verbal
versus visual working memory tasks (Hwang et al., 2005). More specifically,
Hwang et al. note that the following areas are implicated in subvocal rehearsal:
the left prefrontal cortex, the bilateral occipital cortex, Broca’s region, the pre-
motor cortex, the supplemental motor areas, the left posterior parietal cortex,
and the cerebellum, while areas implicated in visual memory processes include
the right dorsal prefrontal cortex, the right parietal cortex, and the right middle
frontal gyrus.

Attention

There is already widespread acceptance that attention is a core process in
mindfulness—meditation practice. This comes both from the operational defi-
nitions and models offered from clinical psychology (as mentioned earlier) and
also from cognitive neuroscience (e.g., Carter, Presti, Callistemon, Ungerer,
Liu, and Pettigrew, 2005). For example, Lazar et al. (2005) found that brain
regions associated with attention as well as introspection and sensory processing
were thicker in participants who meditate than matched controls. Most of the
regions identified were in the right hemisphere. In fact, there is a growing body
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of literature that indicates meditation requiring focused attention is associated
with changes in attentional processing and brain structures (Brefczynski—
Lewis, Lutz, Schaefer, Levinson, and Davidson, 2007; Carter et al., 2005; Lazar
et al, 2005; Pagnoni and Cekic, 2007; Slagter et al., 2007; Srinivasan and
Baijal, 2007). Lutz et al. (2008, p. 165) summarized this body of research as
underscoring “the view that at least several subcomponents of attention are
best regarded as the product of trainable skills.”

Working Memory

Apart from attention, other aspects of working memory have been somewhat
neglected in terms of understanding the mechanisms involved in meditation
and mindfulness practice. Not only has the need for remembering the task
been neglected, but so has the relevant use of visuo-spatial and verbal aspects
of working memory in mindfulness practices. This is surprising given the wide use
of visual and verbal techniques in meditation and that these have been recog-
nized in Western therapeutic techniques since at least the 1970s. For example,
Benson (1975) described four basic elements of meditation: a quiet environment,
a mental device (an object to dwell upon), a passive attitude, and a comfortable
position. The second element, an object to dwell upon, can include verbal or
visual content such as a word or sound repetition or a symbol to gaze at. Similatly,
in Vajrayana Buddhism (often associated with Tibetan Buddhism) complex
visualizations and mantra recitations are frequently used (e.g., Thrangu
Rinpoche, 2001). While Buddhist psychology has detailed the uses and benefits
of these techniques, little attention has been directed at them from the
Western psychological perspective despite its relevance to working memory.
Some preliminary attempts have been made and are summarized below.

Verbal ‘Techniques

Regarding verbal aspects of meditation techniques, Benson (1975) studied
mantra use and provided physiological evidence of its benefits. He concluded
that verbal repetition as a mental device permits a shift away from logical,
externally originated thought by disrupting the flow of distracting thoughts.
While Benson’s studies focused on practitioners of transcendental meditation
who used mantras as a mental device, he was careful to note that there is no
one specific device that must be used. Evidence that the benefit of these verbal
techniques is connected with working memory comes from Fabbro, Muzur,
Bellen, Calacione, and Bava (1999). In their study they compared a group of
participants with meditation experience with a group that had no experience.
Three key conditions were tested: a standard working memory task (digit span),
a prayer task (Ave Maria), and a quiet control condition. At requested intervals,




ATTENTION AND WORKING MEMORY 129

participants were asked about the presence of verbal, visual, or other thoughts.
Results revealed that both the working memory task and the prayer condition
led to fewer spontaneous thoughts than the quiet condition. Results also showed
that the working memory task produced the greater reduction. Moreover, this
occurred for both the meditators and controls, although there was a main effect
for group with meditators reporting fewer thoughts overall than the controls.
Fabbro et al. highlighted the role of the phonological loop, suggesting that prayer
may suppress spontaneous thoughts and that the reduction of spontaneous
thoughts obtained by praying may depend on modes similar to articulatory sup-
pression since both act on working memory.

Visual Technigues

Research relating to visualization-based meditation indicates that such prac-
tices enhance visuospatial processing efficiency (Kozhevnikov, Louchakova,
Josipovic, and Motes, 2009). In Kozhevnikov et al.’s study, deity meditation
(visualizing oneself in the form of a deity) was compared to other non-visual
meditation and imagery techniques with observation of participants’ performance
pre- and post-test on visual memory and mental rotation tasks. The results
indicated that while all groups performed similarly at pre-test, deity practitioners
demonstrated a dramatic increase in performance on imagery tasks compared
with the other groups. It was suggested that this effect might be due to focused
visual attention, as such attention is critical in facilitating control over the
contents of visuospatial working memory (Awh and Jonides, 2001; Jha, 2002).
Hence, Kozhevinkov et al. concluded that this particular meditation improves
the capacity to access heightened visuospatial processing resources.

Combining Techniques

While research is beginning to deal with these issues of technique, the research
is preliminary and often narrow in focus. For example, mantras and visualization
techniques are often used simultaneously in practice and are typically followed
by a phase of meditation where the visualization/mantra is dissolved and the
mind is left to rest in an uncontrived state (Thrangu Rinpoche, 2001). This
type of meditational state is without an object of focus and no discursive
thoughts take place; however, the mind is still experiencing awareness (unlike
our usual sleep state). The concurrent use of mantra and visualization is likely
to involve visuospatial working memory and the phonological loop conjointly.
Moreover, it might be the case that the loading of the working memory slave
systems allows the attentional supervisory system (central executive) to come
to rest. For example, having sufficiently designated key tasks to the slave systems
(through mantra recitation and visualization), the central executive comes to
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a pause. Hence, when the tasks are dissolved there is a momentary lull in dis-
cursive thinking before the general stream of thoughts return. In Buddhist psy-
chology, this state is sometimes described as “lucid yet nonconceptual” and
offers the practitioner an opportunity to recognize the mind’s nature and to
understand that thoughts are just fleeting manifestations. For example, Tangtong
Gyalbo (2007, p. 299) instructed, “Right after the previous thought has ceased
and the next one not yet arisen, that’s the gap!” While this may be somewhat
speculative, Lutz et al. (2008) note that on a focused meditation task, experts
(more than 19,000 hours) showed a stronger pattern of activation implicated
in attention: monitoring (dorsolateral prefrontal cortex), engaging attention
(visual cortex), and attentional orienting (the superior sulcus and intraparietal
sulcus). However, for those who had much higher levels of practice hours
(more than 44,000 hours), there was actually less activation, indicating that
after extensive practice minimal effort is needed to sustain attentional focus.
Hence, this may indicate that a relaxed attentional state can be achieved.
Although not addressing the subject of mindfulness specifically, Van Dillen
and Koole (2007) provide evidence that working memory can be utilized as a
tool for overcoming negative emotions. In their series of experiments, partici-
pants viewed images that varied in affective content (e.g., positive and negative).
After viewing an individual image, the participant would either be given a
working memory task (i.e., arithmetic) or no task at all. Participants would
then rate their mood. What was observed was that on negative image trials
where there was a working memory task, there was a less negative rating of
mood compared to when there was no task. That this working memory task
seemed to alleviate negative mood is in accordance with Fabbro et al.’s (1999)
finding that prayer and other working memory tasks reduced the occurrence of
spontaneous thoughts. Similarly, other attention-demanding tasks have alleviated
the emotional impact of negative stimuli (Erber and Tesser, 1992: Erthal, De
Oliveriera, Mocaiber, Pereira, Machado-Pinheiro, and Volchan, 2005; Glynn,
Christenfeld, and Gerin, 2002; Morrow and Nolen-Hoeksema, 1990; Pessoa,
McKenna, Gutierrez, and Ungerleider, 2002; Van Dillen, Heslenfeld, and Koole,
2009). One explanation for these findings, which is consistent with results from
functional magnetic resonance imaging studies, is that cognitive task load can
down-regulate emotional circuits even after these circuits have been mobilized
(Van Dillen et al., 2009). In relation to meditation practices, it has previously
been observed that expert meditators showed less activation in the amygdala
(an affective area) during focused meditation and that hours of practice nega-
tively correlated with activation in this area (Brefczynski~Lewis et al., 2007).
Furthermore, Wenk-Sormaz (2005) reported that meditation can reduce habit-
ual responding (e.g., reduced Stroop interference). Lutz et al. (2008) suggested
that these studies indicated that focused attention training may be associated
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with a significant decrease in emotionally reactive behaviors that are incom-
patible with stability of concentration.

Emotional Valence of Techniques

However, it should be noted that, as with simultaneous use of verbal and
visual tasks, these tasks are rarely content neutral. Generally, there is positive
imagery and symbolism involved. Inclusion of such content may enhance the
general tendency to distract from negative thoughts and bring about a more
positive mood. For example, there are many practices in Vajrayana Buddhism
that involve individuals visualizing that they are in deity form and many of these
deities embody loving kindness and compassion (Thrangu Rinpoche, 2001). This
also has particular relevance to the discussion of working memory, as research
suggests that just as there are separable visual and verbal processes in working
memory, affective information may also be mediated by separable processes
(Davidson and Irwin, 1999; Mikels, Larkin, Reuter~Lorenz, and Cartensen,
2005; Mikels, Reuter-Lorenz, Beyer, and Fredrickson, 2008). In particular, the
online maintenance of information about affect intensity may have specialized
mechanisms (Mikels et al., 2008): Mikels and Reuter—Lorenz (in press) report
that regions of activation in the lateral orbitofrontal cortex seem to be unique
to affect maintenance. Hence, it may be necessary to reconfigure the current
model of working memory to include affect.

Conclusion

It seems necessaty to not only systematically examine the role of verbal and
visual techniques in meditation but also to consider the emotive value of the
mental devices used. Converging evidence should be sought not just from
established meditative techniques (which are often connected with religious
symbolism, such as the form of a deity) and experienced meditators, but also
from novel tasks designed for experimental investigation with novice meditators.
Such work could evaluate the effects of visual and verbal tasks both in isolation
from one another and in combination and this could include the examination
of the mental device’s affective valance. However, as an area of investigation
with potential therapeutic benefits, it is important that the mindfulness-med-
itation literature does not become too fragmented; a structured approach
needs to be adopted. At present, the clinical interest in mindfulness seems to
hang somewhat apart from cognitive and neuroscientific interests, which are
often narrow in scope. The overall research literature needs to become more
integrated if the study of mindfulness—meditation practices is to avoid being just
a “parochial concern” (Harris, 2006). As highlighted in this article, the well-
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established model of working memory may be one useful approach for linking
these different aspects of knowledge into a more cohesive understanding.
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