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Mindfulness is nonjudgmental attention 
to whatever is happening right now

2 Holzel (2011) referncing Kabat-Zinn (1990)



Mindfulness is not the same as 
relaxation

3



MPs train all brain networks

Recognition Network: Notice what is happening

Affective Network: Perceive your emotional state without 
judging it

Strategic Network: Choose where to place and maintain your 
attention

4



The act of intentionally not doing 
anything actually takes a lot of effort

5



The soles of your feet MP

6 Singh (2011)



The soles of your feet MP is used to decrease 
aggressive behavior in autism spectrum disorders

7 Singh (2011)



You just improved your potential for 
remembering this mindfulness talk

Six minutes of attending to the breath before class improved 
tests on a post-class quiz as compared with 6-minutes of 
relaxing quietly

8 Ramsburg (2014)



Mindfulness “practice” = task practice 
= experience-dependent plasticity

“…when a task requires that attention be consistently directed 
towards a behaviorally relevant sensory stimulus (e.g. a 
somatosensory [9] or auditory stimulus [10]) over repeated 
practice sessions [11], robust changes in sensory cortical maps 
result…”

“…meditation practice [engages] an analogous set of cortical 
remodeling processes: namely,

directing attention towards behaviorally relevant sensory stimuli

within a relaxing setting

over repeated practice sessions…”

9 Lazar (2005)



MPs are associated with changes 
in brain structure and function

10



How is mindfulness cultivated?

Formal Mindfulness Practices (MPs)

Mindfulness-based Stress Reduction (MBSR)

Mindfulness-based Cognitive Therapy (MBCT)

Movement-based (e.g., yoga, Qigong)

Meditation (Transcendental, Loving-Kindness, Directed Attention, Open 
Awareness, etc.)

Informal MPs

• Mindfulness during daily activities, taking cleansing breaths, etc.

11
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A mindfulness fMRI study

13 Farb (2007)

Participants

Novice group: Waiting to receive MBSR training

Mindfulness Training (MT) group: Had just completed MBSR training

Task: Each person was shown words to promote self-reference (e.g., 
confident, melancholy): consider them using an experiential or a 
narrative focus

Experiential Focus: Noticing how things are from one moment to the next 
without goal

Narrative Focus: Try to figure out if the word refers to you and judge your 
experience and allowing yourself to get caught up in a train of thought



Raichle (2010). Two Views of Brain Function

fMRIs work by subtracting baseline activity 
from on-task activity

14



A mindfulness fMRI

15 Farb (2007)
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A mindfulness fMRI

16 Farb (2007)

Negative scores = Deactivation
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A mindfulness fMRI

17 Farb (2007)

Negative scores = Deactivation

Positive scores = Activation
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This fMRI data suggests that MM 
quiets our internal editor

Humans have a default bias 
towards narrative during mind 
wandering

Without MT, control participants 
relied on language areas to 
perform non-language based, 
experiential tasks—they were 
unable to turn down the volume 
of their inner narrative

18 Farb (2007)



Why would we want to quiet our 
internal dialogue?

19



Because attention modulates perception

We don’t perceive everything that happens. We only perceive what we attend to.

20 Simons & Chabris (1999)



Our mindset = where we choose 
to place our attention

• We think we know but we don’t

• Certainty is mindless. We confuse the stability of our mindsets 
with the stability of the underlying phenomena.  All is 
constantly changing. 

• For most of us, we’re frequently in error but rarely in doubt

21 Langer (2013)



If we choose to place our attention 
mindfully, we can improve our 

health and well-being

22



Mindfulness-based treatments 
positively influence health

Britton (2014), Holzel (2011)

Reduces blood pressure & cortisol levels

Improves immune function

Increased telomerase activity

Positively effects well-being

Enhances cognitive functioning

Improves sustained attention, executive function, and self-
regulation

23



Meditation changes our physiologic state

24 Lazar (2000)



Meditation correlates with increased 
brain stem gray matter

The brain stem 
regulates autonomic 
bodily functions like 
respiration

25 Vestergaard (2009)

Meditators

Controls



MBSR increases gray matter in the brain 
stem…which correlated with improved well 
being

26 Singleton (2014)



MPs may increase cortical thickness in 
several areas

Found in several regions of the brain associated with:

Attention and memory

Interoception (the sense of the body’s physiologic state)

Sensory processing

Self-regulation and auto-regulation

27 Lazar (2005), Esch (2014)



Areas implicated include:

Right anterior insula: associated with 
bodily attention and increased visceral 
(sensing the inner body) awareness

Prefrontal cortex (PFC): regular practice 
may slow age-related thinning

Areas involved in processing 
somatosensory, auditory, visual, and 
interceptive input

28 Lazar (2005)

MPs may increase cortical thickness in 
several areas



How do MPs increase cortical 
thickness?

Potential causes include: 

Greater arborization per neuron

Increased glial volume and/or 

Increased regional vasculature

29 Lazar (2005)



Increasing cortical thickness in certain 
areas may help you age more gracefully

30

Mindfulness Practitioners Mindfulness Abstainer



Meditation may slow the effects of 
aging in PFC

The cortex typically thins with age

Cortical thickness in a specific area of the PFC was the same in 40-50 
year-old meditators as in 20-30 year-old meditators and control

31 Lazar (2005)

Blue = Meditators
Red = Controls



Practicing non-judgment strengthens 
emotion control areas

32



Meditators have more gray matter in 
areas regulating emotion

33 Luders (2009)

Orbitofrontal and hippocampal regions are associated with 
emotional regulation and the capacity to choose one’s response to a 
situation (rather than being driven to a solely emotional response)



MBSR showed greater improvement 
in negative emotionality than aerobics

34 Goldin (2013)



Mindfulness instruction may decrease 
emotional processing load

Groups were responding to 
pictures with a negative or 
neutral emotional valence 
and received or did not 
receive mindfulness 
instruction

Less resources were required 
to attenuate emotional 
responses in the mindfulness 
group (left)

35 Lutz (2014)

ng = negative pictures           nt = neutral pictures



MPs increase activity in certain brain 
areas during and after practice

Regulation of autonomic functions

Motivation and reward areas

Attention control regions

Areas involved in the ‘emotionality’ of physiological 
(physical) responses

Areas involved in controlling and evaluating emotions and 
linking them to memory formation

36 Esch (2014)



Experienced meditators use less brain energy 
and may have more globally efficient brains

37 Lazar (2000)



Mindfulness influences the rate and 
intensity of how neurons fire

Meditation may help brain waves synchronize so as to induce 
plasticity

38



There are five major types of brain 
waves

Delta waves (0.1 to 3 Hz): deep, dreamless 
sleep

Theta waves (4 to 7 Hz): light sleep, REM 
sleep, and meditation

Alpha waves (8 to 15 Hz): Relaxation

Beta waves (16 to 31 Hz): normal awake 
consciousness, heightened alertness, logic 
and reasoning; associated with stress

Gamma (>32 Hz): uncommon, may be 
associate with bursts of insight

39 Wikipedia
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Alpha waves were the first ones 
discovered (in 1929)

40
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Meditation slows alpha waves and 
increases their strength

Delta waves (.1 to 3.0 Hz): deep, 
dreamless sleep

Theta waves (4 to 7.5 Hz): light sleep, 
REM sleep, and meditation

Alpha waves (7.5 to 12.5 Hz): Relaxation

Beta waves (16 to 31 Hz): normal awake 
consciousness, heightened alertness, logic 
and reasoning; associated with stress

Gamma (>32 Hz): uncommon, may be 
associate with bursts of insight

41
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• Alpha activity is most easily controlled by conscious effort
• Alpha oscillations increase with increased internal attention
• Asymmetries in alpha activity seen in depression

Fell (2010), Wikipedia



Meditation increases theta wave 
activity

Delta waves (.1 to 3.0 Hz): deep, 
dreamless sleep

Theta waves (4 to 7.5 Hz): light sleep, 
REM sleep, and meditation

Alpha waves (7.5 to 12.5 Hz): Relaxation

Beta waves (16 to 31 Hz): normal awake 
consciousness, heightened alertness, logic 
and reasoning; associated with stress

Gamma (>32 Hz): uncommon, may be 
associate with bursts of insight

42
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• Theta waves occur as one falls asleep, when one experiences relief from anxiety, 
and as part of memory consolidation and retrieval

• In meditation, they appear in bursts before and after alpha activity (in sleep, 
they are irregular in pattern) and persist after meditation ends

Fell (2010), Wikipedia



Theta:beta ratio improves after three 
months meditation in ADHD

43 Grosswald (2013)

Wait-listed control began practicing at 3 months



Experienced meditators have a higher gamma band 
amplitude than ever reported in healthy humans

Delta waves (.1 to 3.0 Hz): deep, 
dreamless sleep

Theta waves (4 to 7.5 Hz): light sleep, 
REM sleep, and meditation

Alpha waves (7.5 to 12.5 Hz): Relaxation

Beta waves (16 to 31 Hz): normal awake 
consciousness, heightened alertness, logic 
and reasoning; associated with stress

Gamma (>32 Hz): uncommon, may be 
associate with bursts of insight

44 Fell (2010), Wikipedia
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• Synchronization of gamma waves may trigger synchronous 
firing of distant neurons, thus opening the possibility of new 
cognitive networks



Meditation may help brain waves 
synchronize so as to induce plasticity

Delta waves (.1 to 3.0 Hz): deep, 
dreamless sleep

Theta waves (4 to 7.5 Hz): light sleep, 
REM sleep, and meditation

Alpha waves (7.5 to 12.5 Hz): Relaxation

Beta waves (16 to 31 Hz): normal awake 
consciousness, heightened alertness, logic 
and reasoning; associated with stress

Gamma (>32 Hz): uncommon, may be 
associate with bursts of insight

45 Esch (2014), Fell (2010), Wikipedia
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• Peak experiences may occur when 
gamma waves extend to the whole 
brain



46



The combination of increased alpha, theta, and 
gamma wave activity may create a uniquely, 

cognitively-beneficial state of neural plasticity

47 Fell (2010)
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MPs influence neurotransmitter & 
hormone levels

Meditators have lower NE levels

May lead to dopamine release

Meditation may raise serotonin levels

Meditation decreases cortisol levels

Meditation increases peripheral melatonin levels

Decreases sympathetic responsivity and increases 
parasympathetic tone

48 Esch (2014)



Mindfulness enhances self regulation: 
maintaining allostasis

Attention regulation

Body awareness

Emotion regulation

Re-evaluation of emotions

Exposure, extinction, reconsolidation

Changes in self perspective

49 Holzel (2011)



Mindfulness-based therapy is 
effective in many conditions

Britton (2014), Holzel (2011)

Anxiety

Depression

Substance Abuse

Eating Disorders

Chronic Pain

Decreasing suicidal behavior

50



MPs are beneficial across groups

Mild intellectual disability: Effective in smoking cessation

Children: typically developing, ADHD, learning disabilities

College students

Teachers

Substance abusers

Depressive disorder

Schizophrenia

51 Black (2009),  Flook (2014), Singh (2011)



MPs in schools focus on promoting self-awareness & 
self-regulation

52 Waters (2014)



MPs in school show many potential 
benefits

Improved well-being

Decreased anxiety

Decreases in negative affect

Reduced stress

Improved functioning within social contexts

Improvements in standardized test scores

53 Waters (2014)



Short-term meditation by adolescents improved 
self-regulation and academic performance

13-18 year-old students randomly assigned to 30-minutes of relaxation 
or meditation (restful alertness to one’s body, breathing, mind, and 
external instruction)

Intervention lasted for 6 weeks

Meditation group reported significant improvements in:

Executive and alerting attention

Self-regulation of emotion

Frequency of positive vs. negative mood

Test grades for literacy, mathematics, and second language

54 Tang (2014)



Short-term meditation shows benefits 
in younger children too

7-9 year-old school children

30 minutes; 2/week for 8 weeks

Improvements in executive function including behavioral 
regulation, metacognition and global executive control

55 Flook (2010)



Original view of meditation

The path to the cessation of 
suffering

56



Current views of MPs

The path to the cessation of suffering

The way to enlightenment

An effective treatment for many mental health conditions

An effective cognitive training method

One among many supports that contributes to optimal health 
and well-being

57



Mindfulness practices invoke neural plasticity

Neuroplasticity changes the physical structure and 
networking of the brain

58


