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ABSTRACT

Previous studies have found that mindfulness meditation has effects on measures of 

Executive  Functions (EF; Heeren et al., 2009; Wenk-Sormaz, 2005); however, EF tests were 

usually carried out as support measures for other research aims, with no previous study 

administering a testing battery that tests EF as a whole. Due to the fractioning of 

meditation research, which controlled for meditation approaches and meditation 

experience level only poorly, isolated measures across studies allow to examine the 

nature of effects on EF only vaguely (Chiesa & Malinowski, 2011). This study examines the 

effects of a four-week condensed Mindfulness-Based Stress Reduction (MBSR) 

programme on measurements of response-distractor inhibition, set shifting and updating 

as well as measuring visuospatial constructive ability to examine  top-down biasing of 

stimulus processing. Two response-distractor inhibition tasks, two updating tasks, two set 

shifting tasks, and one visuospatial construction task were administered. Compared to the 

pre-intervention testing, participants showed improved response-distractor inhibition 

abilities, unaltered set shifting abilities, improvements in one updating test, and improved 

visuospatial constructive abilities. Results are  discussed in the  context of EF being a 

potential underlying mediator of the  effects of mindfulness  meditation training on a 

variety of aspects of psychological functioning.
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INTRODUCTION

Mindfulness, or sati in Pali, is  of great importance  to Buddhistic cultures. Buddha’s 

teachings can be described as instructions on how to alleviate  one’s  sufferings, which are 

defined as cravings of all kinds. Mindfulness is mentioned in multiple places of the 

sequence leading to suffering alleviation, most importantly as the seventh step of the 

Noble  Eightfold Path. This path marks the  last of Buddhists’ endeavours, and its end 

marks reaching the  state of Nirvana (or Nibbana), meaning the  liberation from rebirth as 

achieved through the purification of the  mind. Therefore, from a Buddhistic standpoint, 

mindfulness is crucial in the context of its religion; traditional meditation practices are 

used to reach it (Bodhi, 2011). Several studies were  carried out to examine whether 

monks’ expertise in meditation leads to physiological differences in brain functioning; the 

most prominent finding was that monks engaging in a compassion meditation show high-

intensity gamma waves, which also showed high levels of cortical synchrony, surpassing 

the  intensity of a control group by up to 30 times. This was the  most intense  gamma wave 

activity ever recorded in a non-pathological context (Lutz et al., 2004). This pattern of 

synchronised gamma activity is thought to be  involved in conscious awareness and 

binding of sensory stimuli (Engel et al., 1991).

Not only have monks been studied; mindfulness and the traditional meditation practices 

have  also been applied to the Western world by creating secular clinical therapies based 

on its principles. This made a definition of mindfulness detached from its  role as part of a 

religious doctrine necessary to allow for rigorous scientific operationalisation; an 

academic dispute has  ensued over this, which has not yet been resolved (Chiesa et al., 

2011). This study will define mindfulness based on the two-component definition 

formulated by Bishop and colleagues as it is the  most all-encompassing definition that 

incorporates the consensus between other, previous definitions. Herein mindfulness is  first 

described as  “self-regulation of attention [...] on immediate experience” (Bishop et al., 

2004, p. 232) which, as a second component, involves the “[adoption of] a particular 

orientation toward one’s experiences in the present moment, an orientation that is 

characterised by curiosity, openness, and acceptance” (Bishop et al., 2004, p. 232). 
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It can be  argued that the  first component describes mindfulness as a temporary state  of 

attention and consciousness, whereas the  second component encapsulates a more 

permanent change  in the state of mind; this second component is closely related to the 

terms of metacognitive awareness and decentering, which have  been used 

interchangeably before (see Teasdale  et al., 2002). This study will however base these 

terms on previous  work by Wells, in which he defined metacognitive  awareness  as the 

ability to understand and be  aware of one’s thoughts and mental life, and decentering as 

the  "comprehension of thoughts as events, not facts” (Wells, 2005, p. 340). Therefore, 

decentering is a quality of metacognitive  awareness. Higher levels  of decentering were 

shown to be  involved in the  reduction of the risk of relapses in chronic depression (Fresco 

et al.,  2007). Other suggestions have  been made  as to what type of construct mindfulness 

represents, for example  a cognitive  ability (Sternberg, 2000), an aspect of personality 

close  to openness to experience  (McCrae, 1996), and an aspect of consciousness (Brown 

& Ryan, 2003); this suggestions however require  further elaboration and evidence-based 

assessment. 

This discourse is  both relevant and crucial as the lack of agreement affects what 

inferences can be  drawn from all studies involving mindfulness and therefore lead to a 

limited ability to generalise  (Bishop, 2002). Furthermore, it does affect the construct 

validity of testing instruments, which becomes apparent with the  currently used 

mindfulness scales. These  have  been evaluated as not allowing for a “comprehensive 

assessment of al l aspects of mindfulness in samples from the general 

population” (Bergomi et al., 2013, p. 15). 

In everyday context, mindfulness mostly refers to Mindfulness Meditation (MM) practices; 

however, for sake of clarity, mindfulness is defined as  a psychological construct, which is 

improved by MM practices (Teasdale et al., 2002). MM, just as mindfulness, is based on 

Buddhist practices (Bodhi, 2011), but is by no means the  only way of raising mindfulness 

levels; some types of psychotherapy have  been shown to result in increased scores on 

mindfulness scales as well (Martin, 1997; Horowitz, 2002). As meditation encapsulates  a 

wide  variety of practices, attempts have  been made to classify the approaches into two 

broad clusters, the  Focussed Attention (FA) meditation and Open Monitoring (OM) 
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meditation (Lutz et al., 2008). Other classifications, such as a third category of self-

transcending meditation, have been proposed, but are  not widely supported (Travis  & 

Shear, 2010). FA meditation is characterised by attention resting on a specific object; if 

the  mind wanders off it is  consciously noticed and the attention is directed back. OM 

meditation, in contrast, is defined by a lack of specific focus and a non-reactive observing 

of mind’s contents, an activity that has been referred to as metacognitive monitoring. It is 

not uncommon for meditation to involve  both practices in the  same  session (Lutz et al., 

2008). MM is generally defined as OM meditation, but the sessions involve aspects of FA 

meditation as well (Burke, 2010). 

Examining the  attentional requirements for FA meditation has shown that three 

subsystems of attention are  involved; namely conflict monitoring, which is  associated with 

the  dorsolateral prefrontal cortex and anterior cingulate cortex (Weissman et al., 2006), 

selective  attention, which is  associated with the ventrolateral prefrontal cortex, amongst 

others (Corbetta & Shulman, 2002), and sustained attention, mostly attributed to areas in 

the  thalamus (Coull, 1998). A functional magnetic resonance imaging (fMRI) study by 

Brefczynski-Lewis and colleagues is noteworthy in this context; examining different groups 

of expert-level meditators, they found that meditators with an average of 19,000 hours of 

FM meditation experience  showed increased activation of the thalamus as well as the 

secondary visual cortex, whereas meditators  with an average of 44,000 hours of FM 

meditation showed decreased activation in the  same areas, both in comparison to novice 

meditators. This phenomenon is described as an inverted u-shape and lead to the 

conclusion that progression increases the ability to carry out sustained ability, but only 

absolute mastery of meditation allows individuals to sustain attention with minimal effort 

(Brefczynski-Lewis et al., 2007).

OM meditation practices do not require sustained attention skills to be  performed; 

however, structures related to conflict monitoring and self-reference are thought to be 

implicated in OM meditation due to the stressing of metacognitive monitoring (Lutz et al., 

2008). In general, self-reference has been separated into two separate concepts; the self-

reference  over time, which is thought to involve the medial prefrontal cortex (mPFC), and 

self-reference  in any given moment, which is assumed to involve a right lateralised 
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network, including the  prefrontal cortex (PFC), the  insula and secondary somatosensory 

cortices. A study by Farb and colleagues has shown that in participants unexposed to 

meditation of all forms, a strong neural coupling exists between the mPFC and the  right 

lateralised network; however, participants  showed the decoupling of neural activity of the 

two networks after an eight-week MM programme, which led to the inference  that the 

sustained exercise  of metacognitive  monitoring during OM meditation leads to the 

dissociation of momentary self-reference  from self-reference over time; fundamentally, 

first evidence  for a neuronal basis of heightened metacognitive awareness is given (Farb 

et al., 2007). A follow-up study showed that this change is also observed in an emotional 

context; evoked sadness led to a wider brain activation in meditators,  involving both the 

neuronal networks of self-reference over time  as well as momentary self-reference. It was 

therefore concluded that evidence  was found for the neuronal basis of MM leading to the 

development “of metacognitive skills for  detached viewing of emotions” (Farb et al., 

2010, p. 31). Earlier research has shown that expert meditators  feature  increased cortical 

thickness  in the right anterior insula and the prefrontal cortex (Lazar et al., 2005), which 

are the brain areas that form the  decoupled momentary self-reference  system after 

exposure to MM (Farb et al., 2007). Furthermore, due  to the  non-reactive  awareness of 

mental processes, it has been assumed that less brain resources are  distributed to the 

initial processing of stimuli. First evidence in support of this  hypothesis has been gathered 

by using an attentional blink task, where two stimuli are  rapidly presented, which often 

leads to participants overlooking the second stimulus. Participants who took part in a 

three-month OM meditation training showed improved performance, meaning less 

overlooked secondary stimuli, in parallel to  a lesser brain activation as measured by 

event-related potentials (Slagter et al., 2007).

MM, which is a form of OM mediation, comes in a diversified variety of programmes. It 

was first introduced to Western societies after Jon Kabat-Zinn, an American doctor, 

attended an MM retreat led by Thich Nhat Hanh and saw the potential of applying 

meditation practices to a variety of disorders. He realised that his patients, despite very 

different physiological conditions, claim about similar psychosocial burdens. An initial 

study was carried out on participants with chronic pain and found a significant lessening 
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of pain perception (Kabat-Zinn, 1982). This pilot programme was subsequently widened 

in scope to allow for the treatment of all stress-related conditions; it was then termed 

Mindfulness-Based Stress Reduction (MBSR) (Kabat-Zinn, 1990). 

An MBSR course  is  usually carried out on the  basis of eight weeks, with weekly group 

session of two hours plus daily home  exercises. The content of MBSR courses can be 

categorised into formal and informal practices. Formal training include practices such as 

sitting meditation, mindful movements, and sitting meditations. During the informal 

aspects, which are usually held outside the group session, participants are  asked to 

conduct daily activities in a mindful way, such as showering or eating (Praissman, 2008).

The  introduction of MBSR has triggered the development of other clinical applications, 

which are  commonly referred to as “The Third Wave of Behavioural Therapies” (Öst, 

2008, p. 296); examples are Mindfulness-Based Cognitive  Therapy (MBCT), Dialectical 

Behaviour Therapy (DBT), and Acceptance and Commitment Therapy (ACT). MBCT shares 

many aspects with the MBSR programme, but additionally incorporates elements of 

Cognitive Behavioural Therapy in order to prevent relapses in patients  suffering from 

depression; a focus is laid more specifically on the  acceptance  part as well as the  non-

reactivity of mindfulness, in order to help patients view their disorder from a certain 

distance (Williams et al., 2008); a recent review assessed its prevention rate for relapses to 

be 34% higher than for a control group (Piet & Hougaard, 2011). DBT was initially created 

for patients with suicidal thoughts and intentions, but is now more  widely used on 

patients with Borderline  Personality Disorder (Linehan, 1993). Within DBT, mindfulness is 

one  of four elements of treatment, aiming to help patients  to experience the presence 

non-judgementally; the other elements are distress tolerance, emotion regulation, and 

interpersonal skill development (Robins & Chapman, 2004). ACT, which was first 

researched in the 1980s but only formally released in 1999, is  a programme aiming to 

increase general well-being; it is assumed that psychological pathologies can arise  from a 

learnt psychological inflexibility. The therapy itself consists of six core  features that 

attempt to improve general flexibility: contact with the present moment, values, 

committed actions, self as context, defusion, and acceptance. Mindfulness as a technique 

helps to improve patients’ contact with the present moment (Hayes et al., 2006). 
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Recently, an increasing amount of research has been carried out to examine  the  effects of 

MM-based approaches; the  previous literature  however lacks comparative studies, 

assessing the  overlap and differences between different MM-based approaches; the 

current assumptions is that the overlap between the programmes is greater than the 

differences, with a need for further research (Foley et al., 2010; Chiesa & Malinowski, 

2011). Therefore, all research will be described without distinction of the  exact approach. 

Research of the effectiveness of MM-based approaches can be classified into three 

categories: studies on patients with a medical disorder, studies on healthy participants 

assessing the  stress  reduction capabilities, and studies  on healthy participants  assessing 

the effects on underlying cognition. 

For patients with a medical illness, studies generally measure  the effects of MM in terms 

of physical or mental health. MM-based approaches were  found to show significantly 

positive effects on patients with chronic pain (Rosenzweig et al., 2010), cancer (Speca et 

al., 2000), fibromyalgia (Grossman et al., 2007), rheumatoid arthritis (Pradhan et al.,  2007), 

chronic fatigue  syndrome (Surawy et al., 2005), and heart disease (Tacón et al., 2003). A 

meta-anlysis  concluded that these positive  results should be interpreted as improvements 

to co-morbid psychological disorders such as anxiety, depression, and psychological 

distress, on measures of which MBSR had only a small, but statistically significant effect, 

despite none of the participants being formally diagnosed (Bohlmeijer et al., 2010).

Assessing the effects of MM-based approach on stress reduction and well-being in 

healthy participants, a meta-analysis of ten studies came to the  conclusion that MM leads 

to significant improvements in reduced stress levels as  well as  heightened spirituality; 

furthermore, ruminative thinking and trait anxiety were decreased after MBSR 

interventions (Chiesa & Serretti,  2009). Previous research has suggested that the 

development of a decentered stance to the  contents of the  mind as well as  the 

heightened awareness of these are  a coping mechanism that leads to the  effects of MBSR 

programs on stress reduction (Astin, 1997).

Considering this  vast empirical evidence of positive effects resulting from MM, combined 

with the  occasional media attention, MM and especially MBSR courses have become 

widely available. To illustrate this, it should be noted that the term “MBSR course 
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London” returns roughly 24,600 results on the search engine  Google. This should, 

however, also be viewed in the  light of a lack of research into fundamental questions, 

such as what the mediating factors of the effects  are, and whether a neuronal basis can be 

found that describes the mode of action of MM-based approaches.

Referring back to the  initial definition, mindfulness  was described as the self-regulation of 

attention on immediate  experience as well as a heightened metacognitive  awareness that 

is characterised by a more decentered stance (Bishop et al.,  2004), a definition from the 

perspective  of two influential psychological concepts, cognition and metacognition. 

Therefore, it is  important to understand what each concept entails; to introduce the 

concept of metacognition, it has simply been described as “knowing about 

knowing” (Kitchner, 1983, p. 222). Metacognition is thought to consist of two 

subconcepts, metacognitive  knowledge, describing the  level of knowledge that 

individuals  possess about their own cognition (Flavell, 1979); it has been argued that 

metacognitive  knowledge is equal to the  term of metacognitive  awareness (Schraw & 

Dennison, 1994). The second subconcept of metacognition is the metacognitive 

regulation, which involves monitoring and control processes (Reder, 1996). 

In the previous literature, metacognitive  regulation and its top-down metacognitive 

control mechanisms have been described as a similar concept as Executive Functions (EF), 

but the term was more frequently used in the domain of educational sciences (Fernandez-

Duque  et al., 2000). EF, in turn, has been shown to be  the  underlying concept of the self-

regulation of attention (Sarter et al., 2001). At this point it might become clear that the 

definition of Mindfulness taps both subconcepts of metacognition; therefore, an 

assessment of the functional relationship between these  is of crucial importance. A 

previous study assessed this link by testing participants on the most common used 

inventories for metacognitive knowledge and metacognitive regulation and assessing the 

correlation. The data resulted in a correlation coefficient of r = 0.54, which means that 

roughly 27% of variance in tasks  used to measure  the  concepts is  attributable  to the other 

concept (Schraw & Dennison, 1994). 

To sum up this theoretical framework, an improvement in metacognitive  awareness, 

through higher levels  of mindfulness as caused by MM, would mediate  27% of the 
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variance  of metacognitive  regulation, which is a concept that encapsulates that of EF. The 

self-regulation of attention, which is the  second component of mindfulness, has been 

attributed to EF and is therefore, in terms of this  theoretical framework, to be  viewed as a 

logical result. If it is furthermore  taken into account that MM indeed leads  to higher levels 

of metacognitive  awareness (Teasdale et al., 2002) and a more decentered stance towards 

one’s own mental life (Teasdale  et al., 2000), effects of MM-based approaches on 

measures of EF must be hypothesised.

Going into more detail about the  nature of top-down functioning, it is thought to be 

carried out in form of an internal, neuronal representation, that biases lower-level 

neuronal networks by favouring task-relevance above other, normally decisive  factors, 

such as strong habituation (Miller & Cohen, 2001); evidence for this theory has brought 

forward (Schultz & Dickinson, 2000; Goldman-Rakic et al., 1996). There have been 

numerous attempts to conceptualise Executive  Functions (EF), most prominently the 

Working Memory (WM) Model by Baddeley & Hitch (1974). Besides a storage for visual 

information (the  visuospatial sketchpad), an auditory store  (the phonological loop) and a 

system for linking information between the stores (the episodic buffer), this theory 

sketches out a Central Executive  as part of the  WM. The  three  main functions of this 

Central Executive, as per Miyake  and colleagues, are  inhibition, set shifting and updating 

(Miyake et al., 2000). 

Inhibition describes the ability to override  the  response  that would without control be the 

most likely one  to be carried out; this response  has been described as prepotent (Kok, 

1999). In a later paper, Friedman and Miyake  assessed whether inhibition itself is 

composed of subsystems. Carrying out a latent variable analysis, it was found that 

inhibition comprises two subsystems, namely response-distractor inhibition, which 

includes the inhibition of prepotent responses, and resistance  to proactive  interference, 

which describes the interference of previously stored items on the  encoding of new 

information (Friedman & Miyake, 2012). Set shifting describes the ability to rapidly switch 

between different tasks or goal sets (Monsell, 2003). Updating is closely tied to the 

concept of WM, as it describes the ability to update and monitor its  contents (Lehto, 

1996). These three EF processes are  thought to be  both unitary and diverse; multiple 
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statistical analyses have  shown that these performance  on tasks measuring these  subsets 

of EF are  moderately correlated, but clearly separable. This proposes a partial functional 

overlap as well as clear separability (Miyake et al., 2000). 

There is no absolute clarity in the previous literature whether this  central executive 

describes the same cognitive system as the  term EF; however, the work by Miyake and 

Friedman mostly builds on previous works from Baddeley, such as his Examination of The 

Central Executive (1996), which sketches out the functions of the central executive in a 

very similar way. As  no elaborate  distinction has been made in the  previous literature, EF 

and central executive are viewed as the same cognitive system for this study.

EF have also been described as being inherently attentional, as attentional shifting or 

sustaining is  crucial for all of its  functions to be carried out (Miyake et al., 2000). In 

previous studies, MM was shown to have effects on the  attentional system. Studies have 

shown that MM can improve sustained attention (Zeidan et al., 2010; Valentine & Sweet, 

1999) and selective attention (Chan & Woollacott, 2007; Hodgins & Adair,  2010). A 

previous study by Jha and colleagues has  shown that participants  of an MBSR course 

showed improvements in endogenous, meaning top-down, modes of attention; a group 

of experienced meditators showed improvements only in the exogenous, meaning 

bottom-up or receptive, attention, after participating in an intensive  30-day retreat with 

ten to twelve  hours of meditation showed. These  surprising findings have been attributed 

to a lack of control of the  type of meditation training used, as the  retreat meditation 

group was carried out in a self-guided format (Jha et al., 2007).

However, EF as  an underlying mediator of these  attentional changes has only scarcely 

been studied (Roemer & Orsillo, 2003), with only a few relevant previous studies, all of 

which have measured only isolated aspects of EF. In terms of measures of response-

distractor inhibition, Wenk-Sormaz tested participants on a Stroop task and found 

significantly less Stroop inference  after an MM-based intervention (2005); this has been 

replicated in subsequent studies (Chan & Woollacott, 2007; Moore & Malinowski, 2009; 

Teper & Inzlicht, 2012). Response-distractor inhibition has also been studied by using the 

Hayling Task, a task that requires participants to end sentences with a nonsense  word, 

therefore suppressing a more sensible option (Burgess & Shallice, 1996); these  results also 
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showed a significant improvement after the  MM intervention (Heeren et al., 2009). The 

Antisaccade Task, a research set up that measures saccadic eye movements, has been 

shown to be particularly effective at testing for response-distractor inhibition saccadic 

reflexes cannot be unlearnt and are  natural behaviour that humans engage in multiple 

times per minute (Reuter-Lorenz et al., 1991); this test has however never been shown to 

improve through mental training, only effects  after substance admission, such as 

risperidone, have been measured (Burke & Reveley, 2002); it has never been administered 

to participants of MM-based interventions.

For measures of set shifting, a study by McMillan and colleagues is of relevance, who 

carried out the Trail Making Test (TMT), a task in which participants are first only asked to 

connect a sequence of numbers (TMT-A); in the  second condition they are required to 

connect numbers and letters, switching back and forth (TMT-B). Most previous research 

has found no significant change of MM on performance on the TMT (McMillan et al., 

2002; Heeren et al., 2009); only Moynihan and colleagues found a significant change  in 

the  ratio between TMT-B and TMT-A in participants aged 63 and older, but no significant 

effect for any other condition (2013). Another study, using the  Internal Switching Task, 

described as a recently created test but not further specified, also found no significant 

differences between participants of a ten-day meditation retreat and the control group 

(Chambers et al., 2008).

For measures of updating, and more broadly WM, it is important to distinguish between 

the  WM capacity and the ability to update its  contents, only the latter of which is a 

measure  of EF. A common measurement is the Digit Span Task, which first requires 

participants to repeat sequences  of numbers read out to them (DSA condition), and then 

requires them to repeat sequences of numbers in the reverse  order (DSB condition); DSA 

measure  the  WM capacity, DSB the updating executive  function. However, for effects of 

MM on updating, there  is inconclusive evidence; Chambers and colleagues found 

improved performance  on DSB (2008), whereas  Zeidan and colleagues did not observe 

improved performance  after an MM-based intervention. It is to note, however, that the 

latter study tested participants  after only a brief MM-based intervention, and Chambers 

tested participants before  and after a ten-day intensive retreat; the conclusion should be 
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drawn that the updating executive  system is only improved after a certain level of mastery 

of meditation practices. An explanation for this has been attempted by mathematical 

modelling, which came to the conclusion that MM training leads to  increased 

performance  on decisional aspects of WM tests, however the fundamental WM function 

of forgetting is unaffected (Vugt & Jha, 2011).

Most of the  influential research on EF determines the regulation of behaviours, as 

observable by cognitive tasks for response-inference inhibition, updating, and set shifting. 

However, recent studies have also shown the relation of EF skills to the  processing of 

stimuli and the construction of internal images as a representation of the  outside world, a 

process that has been termed visuospatial constructive ability. Evidence comes the 

domain of neurospychology, more  specifically Parkinson’s Disease, where  patients  were 

administered with tests examining EF, learning ability, and visuospatial constructive ability. 

An impairment on visuospatial constructive ability was found, but these  deficiencies were 

statistically non-significant when the covariance with performance on the EF task was 

removed; EF therefore  mediate, at least partly, visuospatial constructive ability (Bondi et 

al., 1993). It was found that performance on the Complex Figure Task (CFT), which 

requires participants to copy an abstract, meaningless figure that can be  more easily 

recalled if it is  encoded by global strategies, is clearly separable from the  general memory 

function of storing and consolidating new memories (Deckersbach et al., 2000); evidence 

in support of this was also brought forward by a study assessing adolescents, which found 

that performance on a visuospatial constructive ability task was mediated by memory 

encoding and retrieval, but not long-term memory abilities  (Beebe et al., 2004; Stern et 

al., 1994). Also, experiments in children with learning difficulties have  shown that poor 

performance  is mediated by a lack of metacognition (Kirkwood et al., 2001), which in turn 

is related to cognitive self-regulation in form of EF. 

However, visuospatial constructive ability is  also of relevance  in a more assumptive  and 

theoretical way. Mindfulness is  characterised by a more decentered and distant stance  to 

one’s momentary awareness in a metacognitive  sense; however, it was never tested 

whether this affects stimulus processing as well. This  could be tested by using the CFT, as 

it is assumed that the  reproduction strategy represents early encoding during initial 
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stimulus processing (Bennett-Levy, 1984). Whilst this has not been tested before, effects 

of MM on did show an effect on the  allocation of brain resources on the  processing of 

visual stimuli, which gave first evidence that MM-based interventions act on perception-

related brain functions (Slagter et al., 2007).

The  aim of this study is  to enrich the  knowledge about the changes to the  EF system 

caused by MM. Theoretically, the  links between metacognitive awareness, EF, and self-

regulation of attention are clear; to  recap, metacognitive awareness scores  mediate 

roughly 27% of the  variance in metacognitive self-regulation (Schraw & Dennison, 1994), 

self-regulation has  been described as an equivalent term to EF (Fernandez-Duque et al., 

2000), and lastly, self-regulation of attention is an EF process (Sarter et al., 2001). 

However, effects of MM interventions on EF, despite its theoretical importance, have not 

yet received much attention; only isolated measurements have been taken. Due  to the 

lack of comparative  studies (Foley et al., 2010), these isolated measurements cannot give 

an indication about the nature  of EF changes, as they have been carried out based on 

different approaches, with vastly different experience levels in meditators. Considering 

this, the present study sets out to examine the nature of the changes to EF in a holistic 

way; in terms of Miyake’s  framework, it will be assessed whether EF are  improved 

holistically, meaning that all three  functional aspects of EF are  improved equally, or only 

certain aspects of EF show improvements. Visuospatial constructive ability will also be 

assessed in order to examine a potential EF-mediated change not only to the  regulation 

of behaviour, but also to the processing of stimuli based on top-down biasing.

Considering previous  evidence  as outlined above, it is hypothesised that (1) a significant 

improvement will be found on measures of response-distractor inhibition, (2) no 

significant differences will be found on measures of set shifting, (3) a significant 

improvement will be found on measures of updating, but not WM capacity, and (4) a 

significant improvement will be found for measures of visuospatial constructive ability, 

caused by use of a more appropriate encoding strategy.
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METHODS

Design
This study used a repeated measures design with participants  acting as their own control; 

one  measure  was taken during the week before the MBSR intervention started (mean 

days = 3.25, range  = 6); the post-testing was carried out immediately after the last MBSR 

session (mean days = 5.33, range = 8).

Participants
Twelve  Participants took part in this study and attended the MBSR sessions, ten of which 

were female (83% female, 17% male). The  participants were selected based on an 

opportunity sample as part of the B.Sc. Cognitive  Neuroscience course  of the  University 

Of Westminster, London, United Kingdom; no monetary compensation was offered, but 

the  MBSR course was offered for free. The mean age  was 23, ranging from 20 to 38 

(range = 18). No other characteristics were screened for. All participants finished the 

study. Eight of the twelve participants attended all sessions; the  other four participants 

missed one session.

Materials

Four-week condensed MBSR programme

Contrary to the usual administration of an MBSR programme, this study used a 

condensed format due to the limited timeframe available for conducting the  study; the 

material for the usual duration of eight weeks was condensed down to four weeks. 

However, all aspects of that are part of an MBSR programme, both informal and formal, 

were introduced carried out; this was possible since the participants knew each other 

beforehand, hence the  introductory session was cut short. The participants were  also 

accustomed to the theoretical background of stress, due to their education in a 

Psychology-related subject. For more detail on the  administration of MBSR course in 

general, refer to the clinician’s guide as written by Praissman (2008).
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Test 1 - Antisaccade Task

The  Antisaccade experiment is based on the  procedure initially devised by Hallett (1978).  

This tasks involves  participants having to look away from a stimulus dot, which is a 

suppression of a natural reflex (Munoz & Everling, 2004). During all trials, participants  

have  to focus on a centred dot first,  and then fixate either on a dot appearing on the side 

of the screen, which will be  called stimulus dot hereafter (Prosaccade condition), or away 

from the stimulus dot, looking towards the  other side of the  screen (Antisaccade 

condition). Participants were  required to conduct their saccades horizontally, meaning to 

the  sides of the  screen; vertical set ups have  previously been used as well (Goldring & 

Fischer, 1997).

All trials were  terminated after two seconds; meaning that if a participant did not hit the 

target within the  two seconds, the  next trial would be shown; this  happened for 1.7% of 

trials. All trials with a reaction time of less than 80 miliseconds were  regarded as outliers, 

mostly likely caused by the eye-tracker’s calibration, and manually removed from the data. 

Errors have not been tracked, as the amount of errors show a high correlation to the 

reaction times (Munoz & Everling, 2004); therefore, scoring was made based on the 

assumption that errors will be captured by the measurement of completion time. 

The  Antisaccade Task was made up of five trials; the first two were based on a Gap 

paradigm,  whereas trials three and four were arranged as Overlap paradigm. The  Gap 

paradigm is a research setup where the centred dot vanishes for 100 milliseconds before 

the  stimulus dot appears; this means that participants  disengage their attention before 

being presented with the  target stimulus. The  Overlap paradigm features a 100 

millisecond overlap during which both the centred dot and the  stimulus dot are 

presented; after these 100 milliseconds elapsed, only the stimulus dot remains  on the 

screen (Reuter-Lorenz et al., 1991). The  fifth trial involved the centred dot being coloured 

in either blue or green. The  participants were previously instructed to look at the 

following stimulus dot if the preceding centred dot is green (Prosaccade) or look away 

from it if the  preceding centred dot is blue (Antisaccade); this set up was based on the 

Gap paradigm. The Antisaccade Test was carried out using an EyeLink 1000 eye-tracker. 
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The  experimental file  was created by the researcher using the  SR Research Experiment 

Builder software. The  screen was a 21.5” HP ProDisplay P221, set to a resolution of 1920 

x 1080 pixels and a refresh rate of 60 Hertz.

Test 2 - Complex Figure Task

The  Rey-Osterrieth Complex Figure Task (RCFT), as first proposed by Rey in 1941 and 

standardised by Osterrieth (1944), was used for the pre-intervention testing session; the 

post-intervention testing session was carried out using the Taylor Complex Figure Task 

(TCFT; Taylor, 1969). This task is used to examine  memory functioning and visuospatial 

constructive  ability (Deckersbach et al., 2000), the  latter of which is relevant to this study. 

Performance was scored after a method devised by Bennett-Levy, which involves counting 

points of good continuation as  well as scoring the  symmetry of figure  production, 

resulting in a score with a maximum of 36; a higher score represents the use of a more 

global reproduction strategy (1984).

Test 3 - Digit Span Task

The  Digit Span Task was taken from the Harcourt Assessment collection, which can now 

be found as part of Pearson Assessment’s offerings. It consists of two subtests, one in 

which participants have  to repeat sequences of numbers as heard (DSA), which measures 

WM capacity. The second condition requires participants  to repeat the sequences in 

reverse order (DSB) and therefore  stresses the EF system of updating (Gerton et al., 

2004). This test is scored by calculating the number of sequences correctly recalled, for 

each of the conditions.

Test 4 - Letter-Number Sequencing (LNS)

The  LNS, which was introduced as a test of the Wechsler Adult Intelligence  Scale (WAIS 

III; The  Psychological Corporation, 1997), requires participants to reorder a random 

sequence of mixed letters and numbers into the format of all letters  first, followed by all 

numbers. Letters need to be ordered alphabetically, starting from A; numbers need to be 

ordered chronologically, starting from one. Previous research has found that, additionally 
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to the EF of updating as tested by the  DSB, results on this test are also affected by an 

individual’s capabilities of visuospatial memory and general processing speed; 57% of the 

variance  of results on LNS can be  predicted from the  DSB score (Crowe, 2000). This test is 

scored by calculating the number of sequences correctly recalled.

Test 5 - Trail Making Test

The  Trail Making Test, as per Armitage  (1946), was  administered to test for the set shifting 

aspect of EF (Roberts et al., 2007). This test requires participants  to first draw a line 

connecting a sequence  of numbers scattered on a piece of paper (TMT-A); the second 

condition requires participants  to connect letters and numbers, switching between the 

two categories (TMT-B). Both parts are thought to test for perceptual discrimination, but 

only TMT-B taps the  elements of executive set shifting (Crowe, 1998). First, it was 

analysed whether performance on TMT-A or TMT-B showed an improvement after the 

MBSR intervention. Furthermore, the ratio of completion time for TMT-B divided by the 

completion time  of TMT-A was calculated; it was then tested whether the  MBSR 

intervention led to a significant effect. This analysis  aims to understand whether the 

completion time TMT-B is decreasing more  than TMT-A, which is  based on the 

understanding that TMT-A tests for motor skills  whereas TMT-B involves a task-switching 

element as well as the same motor skill requirements (Moynihan et al., 2013).

Test 6 - Stroop Task

The  Stroop Task consisted of four conditions and was taken from the  Delis  Kaplan 

Executive  Function System (D-KEFS; Delis et al., 2001), namely colour naming, word 

naming, inhibition, and switching/inhibition. The colour naming condition requires 

participants to name  the  colour of inked boxes. The  word naming condition requires 

participants to read out words, all of which are names of colours. The inhibition condition 

requires participants to name  the ink colour of words, with incongruent colour of ink and 

word. The switching/inhibition condition introduced a switching paradigm as  well; if a 

word was written in a box, participants were  asked to read out the word itself, otherwise 

they were asked to name  the colour of the ink. The inhibition condition is  a test of 
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response-distractor inhibition function of EF (Friedman & Miyake, 2012); the switching/

inhibition condition was introduced to add a test for set shifting; experimental evidence 

has shown only a low correlation to results  on performance measure  of the  Wisconsin 

Card Sorting Test, a prime measurement of set shifting (Lippa & Davis, 2010). It has 

therefore been classified as a measurement of inhibition.

All condition have been scored by asking participants  to read out the whole section and 

noting down the  completion time; errors have not been scored for, based on the 

observation that errors  lead to cognitive dismay which slows down the overall completion 

time (Jensen, 1965). The data were then analysed by looking at differences before  and 

after the MBSR intervention. Furthermore, an average of the baseline  conditions, word 

naming and colour naming, has been calculated for each participant; it was then tested 

whether the  ratios of the  Inhibition Stroop and Switching/Inhibition Stroop to the average 

performance on the baseline measures show a significant difference.

Procedure
Participants had to attend two testing sessions, one before the  MBSR intervention and 

one  following immediately afterwards. The  session began with an outline of the  study, 

mentioning the participants’ right to stop participation at any time, and then proceeded 

to collect written consent from all participants  and they were handed out a participant 

information sheet (which can be found in the Appendices). Testing began by 

administering the  Antisaccade test to participants. Subsequently, participants were 

instructed to reproduce the  CFT; in case of the  pre-intervention session the RCFT was 

administered, the TCFT during the post-intervention session. This  was followed by the 

Digit Span Test, starting with the DSA, followed by the  DSB. Subsequently participants 

were guided through the TMT. Each condition was introduced by administering a test 

sheet which featured less elements and was not scored; the experimenter then checked 

whether participants fully understood the  task requirements. This task was followed by the 

LNS, which was administered by the researcher. The  last test was the  Stroop Task, with all 

four conditions being administered in the  order of colour naming, word naming, 
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inhibition, switching/inhibition. Participants were debriefed after the  post-intervention 

testing session. 

Ethical Issues
Ethical clearance was granted by the internal ethical commission of the University of 

Westminster. The ethical approval letter is attached in the Appendices.

RESULTS

Test 1 - Antisaccade Task
The  Antisacccade data has been analysed using a paired t-test for all five conditions. The 

data for two trials of one participant had to be removed due to equipment failure.

For the mean scores and the Standard Deviations (SD), refer to Table 1. The paired t-test 

for the data of the Prosaccade Gap condition did not reveal any statistically significant 

effects (t = 1.349, df = 11, p = .204, two-tailed). Analysing the Antisaccade  Gap condition 

data, the paired t-test has revealed a statistically significant difference in the hypothesised 

direction (t = 1.829, df = 11, p < 0.05, one-tailed); the effect size, as measured by the 

differences of means (mean difference  = 48.03, 95% CI: 9.77 to 105.84) was large (d = 

1.765). A paired t-test was  carried out on the  data for the Prosaccade Overlap condition; 

no statistically significant change was found (t = 1.656, df = 10, p = .129, two-tailed). 

Furthermore, the paired t-test analysis  did not reveal any statistically significant effects for 

the  data of the  Antisaccade Overlap condition (t = .854, df = 11, p = .205, one-tailed) and 

the Switching condition (t = 1.279, df = 10, p = .230, two-tailed).

Test 2 - Complex Figure Task
The  scores on RCFT, used for pre-intervention testing, and TCFT, for post-intervention 

testing, have been analysed by carrying out a paired t-test. For the means and SD, see 

Table 1. The paired t-test returned a statistically significant difference  between pre- and 
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post-testing with an increase in scores towards the  second testing session, the direction 

as hypothesised (t = -2.879, df = 11, p < 0.01, one-tailed). The  effect size, as measured by 

the  differences of means (mean difference = 6.17, 95% CI: 1.452 to 10.881) was large (d = 

1.17).

Test 3 - Digit Span Test
Performance on the  Digit Span test has been analysed by carrying out a paired t-test on 

the  scores of the DSA and DSB. For the means and SD on these measures, see  Table 1. 

For the  measures of DSA, the paired t-test returned no significant results (t = .707, df = 

11, p = .128, two-tailed). The paired t-test for DSB showed that there  is a statistically 

significant difference  in the hypothesised direction (t = 1.869, df = 11, p < 0.05, one-

tailed). The effect size, as measured by the differences of means (mean difference = 1.5, 

95% CI: 0.266 to 3.266) was medium (d = 0.47).

Test 4 - LNS
For the  means and SD on the  measures of the LNS, please refer to Table 1. A paired t-test 

was carried out on these  data; no statistically significant difference was found (t = 1.076, 

df = 11, p = .153, one-tailed).

Test 5 - TMT
The  TMT has been analysed by carrying out a paired t-test on the data of TMT-A, TMT-B, 

and the ratio of TMT-B to TMT-A. For the mean scores and SD, please refer to Table 1. 

The  analysis of the TMT-A data showed a significant difference between the  trials (t = 

2.92, df = 11, p < 0.05, two-tailed). The effect size, as measured by the  differences of 

means (mean difference = 5.21, 95% CI: 3.998 to 14.061) was medium (d = 0.56). The 

paired t-test analysis of TMT-B returned no significant results (t = 1.226, df = 11, p = .246, 

two-tailed). Furthermore, analysing the  data of the ratio of TMT-B to TMT-A yielded that 

they bear no significance (t = 1.553, df = 11, p = .149, two-tailed). 
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Test 6 - Stroop
All four conditions of the Stroop have  been tested for a significant difference between 

before and after the MBSR intervention; furthermore, the ratios  between the Inhibition 

Stroop and the  average  of the  baseline measures, meaning colour naming and word 

naming, as well as the ratio  between the  Switching/Inhibition Stroop and the baseline 

measures, have  been assessed. These analyses  were  carried out by using a paired t-test. 

For the means and SD of these measures, see Table 1. 

The  paired t-test on the word naming condition returned a statistically significant 

decrease  in completion time (t = 6.124, df = 11, p < 0.001, two-tailed). The  effect size, 

measured by the differences of means (mean difference = 4.004, 95% CI: 2.564 to 5.441) 

was large (d = 1.052). The assessment of word naming scores also showed a statistically 

significant decrease  in completion time  (t = 2.463, df = 11, p < 0.05, two-tailed). The 

effect size, measured by the differences of means (mean difference = 1.885, 95% CI: .201 

to 3.569) was medium (d = 0.515). The  paired t-test for the Inhibition Stroop returned  

statistically significant results in the hypothesised direction (t = 2.825, df = 11, p < .01, 

one-tailed). The  effect size, as measured by the differences of means (mean difference  = 

6.21, 95% CI: 1.37 to 11.03) was large (d = 0.525). A paired t-test was also carried out on 

the  data for the Switching/Inhibition Stroop condition and showed a statistically 

significant difference in the  hypothesised direction (t = 4.7, df = 11, p < .001, one-tailed). 

The  effect size, measured by the  differences of means (mean difference  = 12.74, 95% CI: 

6.77 to 18.71) was shown to be large (d = .93). 

An assessment of the  ratio  between the  Inhibition Stroop and the baseline  measures 

returned no significant results (t = .245, df = 11, p = .405, one-tailed). Analysing the data 

of the ratio between the Switching/Inhibition Stroop and the  baseline  measures a 

significant difference was shown, in the hypothesised direction (t = 1.96, df = 11, p < .05, 

one-tailed). The  effect size, measured by the differences of means (mean difference =.

204, 95% CI: .025 to .104) was found to be medium (d = 0.483).
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Descriptives:

Pre-intervention

Descriptives:

Pre-intervention

Descriptives:

Post-

intervention

Descriptives:

Post-

intervention

Paired t-testPaired t-testPaired t-test

mean SD mean SD t df p

Prosaccade Gap  + 316.063 60.285 295.823 53.546 1.349 11 .204

Antisaccade Gap * 411.08 108.75 363.05 60.75 1.829 11 .048

Prosaccade Overlap + 358.71 73.71 330.05 50.88 1.656 10 .129

Antisaccade Overlap 415.22 92.52 399.88 68.82 0.854 11 .205

Switching Anti- & 

Prosaccade  +
417.71 114.54 374.36 76.06 1.279 10 .23

CFT ** 23.25 5.77 29.42 4.81 -2.879 11 .008

DSA 12.33 2.06 11.42 2.97 1.646 11 .128

DSB * 6.67 3.26 8.17 3.16 1.869 11 .044

LNS 12.00 12.67 2.66 3.26 1.076 11 .153

TMT-A **** + 31.50 9.06 26.29 9.55 2.921 11 .014

TMT-B  + 66.95 40.09 61.91 35.43 1.226 11 .246

Ratio TMT-B to TMT-A  

+
2.03 0.72 2.47 1.38 -1.553 11 .75

Stroop:

Colour naming *** +
35.70 3.99 31.70 3.62 6.124 11 .0001

Stroop: 

Word naming * +
25.82 3.94 23.94 3.37 2.463 11 .0310

Stroop: Inhibition ** 56.92 13.41 50.71 10.26 2.825 11 .0085

Stroop: Switching/

Inhibition ***
74.33 15.05 61.59 12.49 4.701 11 .0007

Stroop: Ratio 

Inhibition to baseline 

average

1.84 0.32 1.82 0.32 0.245 11 .455
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Descriptives:

Pre-intervention

Descriptives:

Pre-intervention

Descriptives:

Post-

intervention

Descriptives:

Post-

intervention

Paired t-testPaired t-testPaired t-test

mean SD mean SD t df p

Stroop: Ratio 

Switching/Inhibition 

to baseline average *

2.42 0.44 2.22 0.41 1.960 11 .038

Table 1. Descriptive and inferential statistics for all tests that were carried out.

CFT = Complex Figure Task; DSA = Digit Span Task, Forward condition; DSB = Digit Span Task, Backward 

condition; LNS = Letter-Number Sequencing; TMT-A = Trail-Making Task, condition A; TMT-B = Trail-Making 

Task, condition B

*     = p < .05 

**    = p < 0.01

***  = p < 0.001 

+    = two-tailed; majority of tests is one-tailed

DISCUSSION

This study set out to examine  the effects of a four-week condensed MBSR intervention on 

measures of EF, in order to gain insights into the nature of changes that MM-based 

approaches have  on EF. It was  expected to find a non-unitary development of 

performance  on measures of EF, hypothesising (1) a significant improvement on measures 

of response-distractor inhibition, (2) no significant differences on measures of set shifting, 

(3) a significant improvement on measures  of updating, but not WM capacity,  and (4) a 

significant improvement in visuospatial constructive  ability, caused by use  of a more 

appropriate encoding strategy.

For measures of response-distractor inhibition, a significant effect has been found from a 

four-week condensed MBSR on all but one measures. There  was a significant effect of 

meditation training on the Gap condition of the Antisaccade  task, but not the for the 

Overlap condition of the Antisaccade task. Furthermore, the  relevant conditions of the 
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Stroop Task, namely the  Inhibition Stroop and the  Switching/Inhibition Stroop, show a 

significantly quicker completion time  on post-intervention measures. It can however be 

argued that the  baseline  measures of colour and word naming have also showed 

improved performance, indicating a learning effect. This objection might be correct, 

although the ratio in performance  between the  Inhibition/Switching Stroop and the 

baseline  measures still indicate  a significant improvement in statistical isolation. The 

research hypothesis that a four-week MBSR intervention leads to a significant 

improvement on measures of the  response-distractor inhibition subsystem of EF can be 

accepted. 

For measures of set shifting, no significant effect has been found on the  TMT-B; neither 

on the ratio of condition B to A. Furthermore, the  experimental and therefore  only 

minimally valid switching condition of the  Antisaccade Test has not yielded significant 

results. Therefore, the research hypothesis  of no significant effects on measures of set 

shifting can be accepted. It should, however, be  noted that a statistically significant 

improvement in form of a decrease in completion time was found for the  TMT-A was 

found.

For measures of updating, no significant effect has been found on the  DSA; this is in line 

with the  hypothesis, which predicted that general WM capacity will not be  altered. A 

significant improvement, meaning more  sequences successfully stored and modulated, 

have  been found on the  post-intervention measures of the  DSB. The measures of LNS did 

not show a significant change between the pre- and post-intervention measures. 

Therefore, the  research hypothesis  can neither be  accepted or rejected, as  there  is mixed 

evidence for an effect of a four-week MBSR intervention on measures of updating.

Lastly, for the hypothesis of improvements on visuospatial constructive abilities by choice 

of a more  appropriate  reproduction strategy, a significant positive effect has been found 

on measures of the  Complex Figure Task; therefore  the  research hypothesis can be 

accepted.

The  rationale of this research was to gather enough evidence to sketch out the nature of 

EF improvements resulting from a four-week condensed MBSR intervention; it has  been 

previously shown that MM-based interventions do have a positive effect on isolated 
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measures of EF, but no previous study assessed EF holistically to examine the nature  of 

improvements; this is  due the fractioning of meditation research (Foley et al., 2010) which 

does not allow for generalising of isolated effects on EF tests across different meditation 

approaches and experience  levels. In this theoretical context, the  conclusion must be 

drawn that response-distractor inhibition functions are  improved, mixed evidence  is 

present for measure of updating, whereas no significant post-intervention improvements 

were found on set shifting measures. Furthermore, it has been shown that a four-week 

condensed MBSR program leads to improvements of visuospatial constructive  abilities, 

which are grounded in a more appropriate  processing and encoding strategy. On the 

bottom-line, the key insight from this study is that MM-based interventions, such as this 

four-week condensed MBSR programme, lead to a non-unitary improvement of the EF, 

with the set shifting sub systems not showing any significant effects at all. 

This is in line with most of the previous studies; improvements in the  domain of response-

distractor inhibition have  been shown multiple  times using the Stroop Task (Wenk-Sormaz, 

2005; Moore  & Malinowski, 2009; Teper & Inzlicht, 2012), or the Hayling Task (Heeren et 

al., 2009). However, no previous study has researched MM and response-distractor 

inhibition by carrying out an Antisaccade task before; this study therefore not only adds to 

the  basis of research, but has also shown, for the first time, that performance on saccadic 

reflex inhibition is susceptible to mental training, not only substance  admission, as was 

previously shown (Burke & Revely, 2002). For measures of updating, there was mixed 

evidence  in the  previous literature, which can be attributed to the length and intensity of  

the  administered meditation training. A study conducted on expert meditators found a 

significant improvement of measures of updating (Chambers et al., 2008), whereas brief 

participants of meditation training did not show an improvement (Zeidan et al., 2010). 

This study did not find an improvement on the DSA, which is in line with previous 

literature (Vugt & Jha, 2011); a significant improvement has  been found on DSB 

measures, but the  analysis returned no significant improvement on measures of the  LNS. 

For measures of set shifting, previous and came to the  same conclusion of no significant 

improvement found on TMT-B; (Heeren et al., 2009; McMillan et al.,  2002); they did, 

however, not find a significant effect on TMT-A, as did this study. For measures of 
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visuospatial constructive  abilities, no previous study has administered comparable  tests; 

therefore this study should be  viewed as first, preliminary evidence  in support of 

significant improvements on EF-mediated processing of visual stimuli,  based on top-down 

biasing.

Some observations of this study returned unexpected results. The Antisaccade features 

somewhat surprising results; significantly decreased reaction times have  only been shown 

for the  Gap condition, but not the Overlap condition. It can be argued that this represents 

an improvement only of receptive  attention skills, as the Gap condition causes a brief 

disengagement of attention before the stimulus dot is presented; therefore, participants 

have  no specific focus during presentation of the stimulus dot. An improvement in 

receptive  attention would be  in line  with previous research (Jha et al.,  2007), especially as 

this  is a core feature of OM meditation (Lutz et al.,  2008); this is however purely 

hypothetical and requires further research. Most interesting about this finding is  the 

dissociation between Gap and Overlap conditions; it must be  assumed that different 

underlying cognitive systems are  stressed. Further research is needed to clarify these 

findings. 

Furthermore, no effect was found on the LNS; however, participants’ performance on the 

DSB was significantly improved after meditation training. This has to lead to the 

conclusion that, although the updating is measured by DSB, the  additional elements of 

the  LNS, namely visuospatial memory and processing speed, are not improved in 

participants (Crowe, 2000). 

It was also unexpected to find statistically significant improvements on the  TMT-A, which 

is a surprising finding as  it supposedly measures general cognitive  processing speed and 

visual search capabilities; it might be  argued that visual search improvements are in line 

with previous research on effects of meditation exposure (MacLean et al., 2010), however 

improvements in visual search should have  been reflected on increased scores for the 

TMT-B condition.

There are some limitations for this study. First, a Repeated Measures design has been 

used, with participants acting as their own controls. The  inferential power of this  study 

could have been improved by using a control group; with the current design it cannot be 
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accurately stated that MBSR led to the above-mentioned effects, and not other factors, 

such as learning effects, the effect of a structured class every week, or the  effects  of a 

relaxing environment. It would also have been beneficial if measurements of resistance to 

proactive  interference, as outlined by Friedman and Miyake (2012), would have  been 

included. Furthermore, another additional measurement that would have generated 

beneficial insights is a scale  of the  level of metacognitive  awareness in a subject. 

However, administering this measurement, the  Measure  of Awareness and Coping in 

Autobiographical Memory, cannot be  carried out without a clinician, which was beyond 

scope for this study (Teasdale  et al., 2002). There  is also a factor that might have slightly 

affected the validity of the  results  of the  CFT; previous research has shown that the TCFT 

results in slightly higher strategy scores than the  RCFT (Hamby et al., 1993). A randomised 

counterbalancing administration strategy would have been more suitable.

Theoretical and practical implications
The  implications of the  main finding of this study, namely a four-week condensed MBSR 

course  leads to improvements on measurements of sub-functions of EF, but the 

underlying unity factor of EF, is  mostly of theoretical relevance. EF may be  an important 

underlying mediator of the variety of effects that MM training elicits; it has however been 

overlooked in most previous studies and never profoundly been studied in the  context of 

meditation practices before. This study gives first evidence  for the nature  of EF 

improvements, finding that only some  sub-functions are improved. What is also 

important, however, is  that most previous research focussed on either the  heightened 

metacognitive  awareness or the self-regulation of attention, depending of the  aims of the 

given study; however, this study shows that the  theoretical link between metacognitive 

awareness and attention regulation in form of EF can be  shown in an evidence-based 

manner.

On a methodological level this study has provided first evidence that the performance  on  

an Antisaccade tasks can be  improved by interventions that act on the EF system; 

Antisaccades have previously only been shown to be altered by administering a 

substance, such as risperidone  (Burke & Reveley, 2002). Furthermore, as executive 
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dysfunctions are implicated in a wide variety of clinical disorders (Elliott, 2003), some  of 

the  improvements after MM-based therapies on clinical disorders  might be related not 

only to the heightened and more distant metacognitive awareness, as  is the focus of most 

current research (Fresco et al., 2007), but also to changes to underlying EF mechanisms. 

These findings could also be  of relevance  to the field of education; it has previously been 

shown that EF account for a tremendous variance of general intelligence  and success in 

measures of mathematical ability and literacy (Blair & Razza, 2007). The  training of EF has 

recently gained attention from educators; the examination as part of this study helps to 

understand which areas of EF is not improved, namely set shifting; it should therefore be 

considered to administer MM-based approaches in education in conjunction with set 

shifting training programmes, which have  already been created and shown to be 

moderately effective (Karbach & Kray, 2009).

As this  study is  a first of its  kind, it opens up many areas of further research that would be 

beneficial for deepening the  understanding of the relation between the effectiveness of 

MM and its underlying cognitive  mediators. Most importantly, only very few previous 

studies have attempted to understand how the  participants’  experience level of 

meditation affects the results that can be observed; there are vast differences in brain 

activation even in groups of very experience meditators, depending on whether they 

meditated for 19,000 hours or 44,000 hours (Brefczynski-Lewis et al., 2007); needless to 

mention the vast differences in brief meditation training. Scientific progression in the 

study of MM-based approaches is  also not only hindered by a variety of definitions being 

used (Bishop, 2002), but also by a lack of comparative studies in the presence of a vast 

variety of different MM-based clinical and non-clinical approaches. The  clustering of 

meditation into FA and OM meditation should be extended, as all MM-based approaches 

are classified as OM meditation, but still show widely different effects  (Chiesa & 

Malinowski, 2011). This comparative study could also address the  question of the  effects 

as caused by the core functions of MM as shared between the different approaches by 

examining the overlap of effects.

Lastly, an extension of the research examining the link between metacognition and 

cognitive relation could facilitate  the generation of many exciting insights, especially as 
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MM is fundamentally a technique  that allows participants  to generate  a heightened 

awareness of the  presence; a study of how subjective  conscious experiencing is related to 

improvements to EF, which entail a more  rapid processing in many areas, is of great 

importance.

Conclusion
In conclusion, this study widens our knowledge about the nature of how EF are  altered 

after the  exposure  to an MBSR programme; response-distractor inhibition and updating 

were shown to be improved, whereas set shifting was not affected. Visuospatial 

constructive  abilities were also improved and serve as a first indicator that MM not only 

affects  the  executive regulation of behaviour, but also top-down biasing of perceptional 

stimuli. The theoretical relevance of this  is that EF could potentially be  an underlying 

mediator of some of the positive  effects previously observed in MBSR and MM 

participants, such as stress, which, strikingly, does not seem that different from Buddha’s 

description as suffering from cravings, which lay the  foundation for all meditation 

practices around 2,500 years ago.

Word count: 9,982 
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Appendix 1 - Participation Information Sheet

PARTICIPATION INFORMATION SHEET  
 

Effects of a Mindfulness-Based Stress Reduction program on 
measures of cognition 
 
Researched by Andreas Wolters, supervised by Trudi Edginton 
 
You are being invited to take part in a research study on effects of a 
Mindfulness-Based Stress Reduction (MBSR) program on measures of cognition. 
This study involves two rounds of testing as well as a 4-week program of MBSR 
program, which is a form of applied meditation.  
 
This study involves the following: 
1) A pre-training testing session, which will be run before the 7th February 2014; it 

will take roughly 30 minutes and will take place in 309 Regent Street, W1B 2HW 
London. 

2) Attendance of the MBSR meditation training; these 2 hour sessions will take 
place every Friday at 2pm in 309 Regent Street, W1B 2HW, room to be announced. 

3) Home exercises as announced during the MBSR meditation sessions. 
4) A post-training testing session, to be held after the last meditation session 
 
Please only consent to participate if you do not have a clinical 
history of Depersonalisation Disorder, any type of Affective 
Disorder or are in the process of mourning over a recent loss. 
 
Please note: 
• Participation is entirely voluntary. 
• You have the right to withdraw at any time without giving a reason. 
• You have the right to ask for your data to be withdrawn as long as this is practical, and for 

personal information to be destroyed.  
• You do no have to take part in any of the studies if you do not wish to. 
• Your responses and will be confidential. No individuals will be identifiable from any collated 

data, written report of the research, or any publications arising from it. 
• All personal data will be kept in a locked cupboard on University premises. 
• Please notify us if any adverse symptoms arise during or after the research, especially in 

regards to the Mindfulness-Based Stress Reduction training. 
• If you wish you can receive information on the results of the research. 
• The university is fully insured for all research activities. 
• The researcher can be contacted after participation by email  under 

andreas.wolters@my.westminster.ac.uk 
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Appendix 2 - Consent Form

CONSENT FORM 
 
Effects of a Mindfulness-Based Stress Reduction program on 
measures of cognition 
 
Lead researcher:  Andreas Wolters 
 
I have read the information in the Participation Information Sheet, and I am 
willing to act as a participant in the above research study. 
 
 
Name: _______________________________________________________ 
 
 
Signature: __________________________            Date:  _______________ 
 
This consent form will be stored separately from any data you provide so that 
your responses remain anonymous. 
 
 
I have provided an appropriate explanation of the study to the participant 
 
 
 
Researcher Signature:   ____________________________________________ 
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Appendix 3 - Ethical Approval Letter

 
 
Andreas Wolters 
Student number: w13567178 
University of Westminster 
Department of Psychology 
309 Regent Street 
London 
W1B 2UW 
 
13 December 2013 
 
 
Dear Andreas 
 
Application Number: UG13/14/100_Psych 
Student Name: Andreas Wolters 
 
Project title: The effects of a 4-week condensed Mindfulness-Based Stress Reduction (MBSR) 
program  on  measures  of  cognitive  flexibility 
 
I am writing to inform you that your application was considered by the Psychology Ethics Committee. The 
proposal was approved. Please note the conditions below. 
 
Please save this letter as you will be expected to include a hard copy in the appendix section of your project. 
 
 
Yours sincerely  

 
Debs Harris 
Psychology Administrator; Faculty of Science and Technology 
  
      
......................................................................................................................................................................... 
 I am advised by the Committee to remind you of the following points: 
  
1. Please inform your supervisor immediately of any harmful outcomes during the research e.g. participant 
distress. 
 
2. The need to comply with the Data Protection Act 1998  
 
3. The need to comply, throughout the conduct of the study, with good research practice standards  
 
4. The need to refer proposed amendments to the protocol to the Ethics Committee for further review and to 
obtain Ethics Committee approval thereto prior to implementation (except only in cases of emergency when 
the welfare of the subject is paramount).  
 
5. The desirability of including full details of the participant information sheet and consent form in an 
appendix to your research, and of addressing specifically ethical issues in your methodological discussion.  
 
6 Your responsibility to notify the Ethics Committee immediately of any information received by you, or of 
which you become aware, which would cast doubt upon, or alter, any information contained in the original 
application, or a later amendment, submitted to the Ethics Committee and/or which would raise questions 
about the safety and/or continued conduct of the research.  
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