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Research Interest 

My interdisciplinary research covers cognitive, social and affective 
neuroscience/health psychology, and prevention science. My basic 
research focuses on how experiences (learning or training) affect 
the brain processing and reshape the brain networks that support 
attention, cognitive control, emotional regulation, behavioral change 
and integrative health. My translational research covers preventive 
intervention of behavioral problems and mental disorders – stress, 
addiction, mood disorders, aging, MCI, PTSD and TBI…  
 
I use behavioral, multi-modal neuroimaging and neural modeling, 
physiology, prevention and intervention, genetic methods in my 
research in different ages of health and patient populations. 
 
 
Tang et al, PNAS, 2006, 2007, 2009, 2010, 2012, 2013; Tang et al, TICS, 2009, 2012,2014 



Collaborative effort across different fields 

In my lab, people from diverse disciplines such as neuroscience, 
psychology, medicine, physics, mathematics, computer science, 
biology work together and use multimodal methodologies focusing 
on understanding how the whole brain system works together and 
interacts while changing mental states, improving self-control and 
making decision, and suffering from disorders in children and 
adults. Based on empirical work, we apply diverse computational 
modeling and informatics methods (ICA/PCA, connectivity, 
DCM, Bayesian networks, machine learning, small world topology, 
MVPA and neuroinformatics) to understand the principles and 
dynamics of how the large-scale brain network supporting the 
cognitive, emotional and social functioning, information processing, 
and regulating behaviors and disorders.  
 
 Tang et al, 2006, 2007, 2009, 2010, 2011, 2012, 2013, 2014; Tang & Posner, 2009 



I’m a long-term practitioner of Traditional Chinese 
Medicine, meditation, Tai Chi, martial arts, I Ching.. 
 
I developed the Integrative Body-Mind Training 
(IBMT) in 1990's and has published over 260 peer-
reviewed articles and 6 books. These findings are 
reported in Nature, Science, Nature Reviews 
Neuroscience, Neuron, TICS, PNAS, etc., and 
popular media including TIME, New York Times, 
BBC, NPR, The Press Association, Reuters...  
See more on www.yi-yuan.net 

Personal Practice 



Koslow, 2002 

How to study your brain? 



Training attention and self-control effectively  
There are two very different methods: one is 
network training (e.g., working memory 
training) and the other is state training (e.g., 
mindfulness meditation). I will discuss the 
brain mechanism and clinical application of 
these training methods as well as the 
practice with or without effort.  

Here I will focus on 

Tang et al, 2010, 2012, 2015; Tang & Posner, TICS, 2009, 2014 



Training attention and self-control 

Almost 50% awake time, our mind is wandering, we are not 100% 
on what we are doing such as work, learning, driving... 
 
Attention is indispensable in our learning, performance, relationship 
and daily life. 
Self-control is the ability to control one’s own cognition, emotion 
and voluntary behavior in accordance with internal goals.  
 
The ability to attend and to exercise self-control are vital aspects of 
human adaptability, and fundamental to success in school, work, 
health and life.  
 

Diamond et al, Science, 2007; Posner et al, 2007; Tang & Posner, TICS, 2009, 2012 



Self-control Deficits 

 Problems associated with self-control deficits are 
common and include increased learning difficulty, 
risk of school failure, ADHD, mood disorders, 
antisocial behaviors, and drug abuse...  

 

 Improving self-control could help diverse 
problems and mental disorders 
 

 

 

         Diamond et al, 2011; Morffit et al, 2011; Tang & Posner, 2013 



 
There are many ways to improve self-control ability  
 
 
• Physical exercise, computerized programs 
(attention, working memory, etc), yoga, Tai Chi, 
mindfulness training … that target on your body, 
brain/mind and behavior.  
 

 

 
 

Tang & Posner, SCAN special issue, 2013 



Target two self-regulation systems 
 

1. Central Nervous System (CNS) 
2. Autonomic Nervous System (ANS)  

 

Tang et al, PNAS, 2009; Tang et al, Nat Rev Neurosci., 2015 



Lane et al, 2009 

Brain 
Markers 

Body 
Markers 

System 
Markers 



Attention/Self-Control Networks 

(ACC) 

Executive attention 
shares with the brain 
circuits of self-control, 
mainly in ACC/mPFC 
 Posner, Rothbart, Sheese & Tang, 2007 



 
•We here take working memory training (WMT) 
and mindfulness training as examples to discuss 
the mechanisms and application. 
 

•Two types of training methods: 
 

 
 

Tang & Posner, SCAN special issue, 2013; TICS, 2014 



Attention Training (Network Training):  
train the certain brain networks using repeated 
tasks, e.g. computerized programs (e.g., WMT) 
  
Network training: involves practice of a specific 
task (e.g., attention, working memory, visual 
discrimination) and thus exercises its specific 
brain network (e.g., the one involved in 
recognizing a specific object at a specific 
location).  
 
 

Tang,& Posner, TICS, 2009; Tang, Rothbart & Posner, TICS, 2012, 2014 



Dual N-back working memory task. The participant is presented 
with a sequence of stimuli. The task is to indicate when the current 
stimulus matches the one from n steps earlier in the sequence. 
The load factor n can be adjusted to make the task more or less 
difficult (adaptive training, here n = 2). Tang & Posner, TICS, 2014 

One example 



WMT-related core brain areas mainly include the 
frontoparietal cortex 

 

Tang et al, TICS, 2014; Olesen et al, NN, 2004 



Summary 
 

One form of Network training - working memory 
training (WMT) involves increased task load and 

frontoparietal cortex (central nervous system) 
often activates, but autonomic nervous system 

does not. 
 

 Is state training different?  
 



Attention State Training (State Training):  
change the body and mind state that can 
influence many networks, e.g. mindfulness  
 
Brain state: the reliable pattern of brain activity 
that involves the activation and/or connectivity of 
multiple large-scale brain networks. An example: 
State training: uses practice to develop a brain 
state that may influence the operations of many 
networks. This state involves networks but is not 
designed to train networks using a cognitive task. 

Tang,& Posner, TICS, 2009; Tang, Rothbart & Posner, TICS, 2012, 2014 



See more in this paper 



 
 
In general, mindfulness refers to non-judgmental 
attention to the present experiences - thoughts, 
emotions, sensations…  
 
 In practice it includes physical or/and mental 
training. Body and mind are two important 
components to help achieve the mindfulness 
meditation state.  
 
 
                                                                                    

 

Mindfulness Training (MT)  

Bhikkhu, 2002; Cahn & Polich, 2006; Lutz et al, 2008; Chiesa, 2010; Tang et al, 2007, 2012  
 

One example 



                                                                      From ISI Web of Science 

 

Significant Increase since last two decades 
 



 Achievements 
 There is emerging evidence that meditation has the potential to 

ameliorate negative outcomes from deficits in self-control 
 

 The beneficial effects of meditation are receiving increasing 
support from empirical studies: improving attention and 
cognitive functioning; self-control in emotion, stress response 
and immune function; well being; inducing neuroplasticity; 
application in mental disorders including anxiety, depression, 
addiction, ADHD, PTSD, TBI, cancer……  

However, the lack of RCT design is an issue in the field 
raised by many experts, suggesting that we should use 
RCTs in studies in healthy and patient populations 

Holzel et al, 2011; Lutz et al, 2008; Tang et al, 2007, 2012; 2013; Tang & Posner, 2009 



 Achievements 
 

 A large body of mindfulness studies exist using long-term 
meditators and cross-sectional design to demonstrate the 
positive meditation effects. However, this may involves pre-
existing differences and it’s hard to get causal relationship.  
Active control group is needed.  
 

 Longitudinal RCT design using short-term mindfulness grows  
    (Tang et al, 2007, 2009, 2010,2012, 2013; Zeidan et al; Leiberg 

et al, 2011; Weng et al, 2013)  
 
 We take IBMT as an example to explore the brief training effects 

and mechanisms 
 
 

Holzel et al, 2011; Lutz et al, 2008; Tang et al, 2007, 2012; 2013; Tang & Posner, 2009 



We proposed a new field - Mindfulness Neuroscience 
 See Tang & Posner, SCAN special issue, 2013 

http://scan.oxfordjournals.org/content/8/1.toc 
 

5-Yr impact factor: 7.332 



Mindfulness training (MT) related brain areas often involve 
the anterior cingulate cortex (left), insula (right) and others.  

Tang et al, TICS, 2014, 2015; Tang et al, Nat Rev Neurosci., 2015  



Attention Training (Network Training):  
train the certain brain networks using repeated 
tasks, e.g. computerized programs - WMT  
 
Attention State Training (State Training):  
change the body and mind state that can 
influence many networks, e.g. mindfulness 
  
Research indicated the different brain mechanisms 
involved in these two methods 

Tang,& Posner, TICS, 2009; Tang, Rothbart & Posner, TICS, 2012 



Training, effort, and system involved: relationships 
among IBMT and WMT, effort, and associated 
CNS–ANS involvement 

Tang et al, TICSS, 2014 



These two widely used methods – working  
memory training (WMT) and mindfulness training  
(IBMT as an example) demonstrate the  
similarities and differences between network and  
state training. These two forms of training involve  
different areas of the brain (frontoparietal cortex  
vs. anterior cingulate cortex and insula) and  
different forms of generalization. We propose a  
distinction between network and state training  
methods to improve understanding of the most  
effective brain training. 
 





Tang et al, TICS, 2009, 2012, 2014 



Here we will take IBMT as  
an example to explore the 
underlying mechanisms 



Tang et al, 2007, 2009, 2011, 2013, 2014 

I developed IBMT in 1990’s when I worked at medical school.  
 

IBMT involves body relaxation, mental imagery, and mindfulness 
training. The trainees concentrated on achieving a balanced state 
of body and mind guided by an IBMT coach.  
 

Cooperation between the body and the mind is emphasized in 
facilitating and achieving a meditative state. The method stresses 
no effort to control thoughts, but instead a state of restful alertness 
that allows a high degree of awareness of body and mind. 
 

Over many thousands of adults and children have received IBMT 
training  
 

Over 20 IBMT publications using RCT design from 2007-2014 

Why Integrative Body-Mind Training- IBMT 



 
Relaxation  Training 

Tang et al, PNAS, 2007, 2009 

Relaxation training involves the relaxing of different muscle 
groups over the face, head, shoulders, arms, legs, chest, back, and 
abdomen, etc., guided by a tutor.  
 
With eyes closed and in a sequential pattern, one is forced to 
concentrate on the sensation of relaxation such as the feelings of 
warmth and heaviness. This progressive training helps the 
participant achieve physical and mental relaxation and calmness. 
 



Body & Mind 

Behavior  

Genetic 
Analysis 

Neuroimaging  

Psychiatric 
disorders 

Physiological 
measures 

Development 
Attention/self-control 

Brain 

Damage 

Individual 
differences  

Psychopathology  

Training 

Community 

Trial 

Special 
Situation IBMT  

Research Framework  Tang, 2007 



Short-term training improves attention and 
self-control in RCT design  

• Eighty undergraduates, random assignment (40 each 
group)  

• IBMT: Relaxation training for 5 days, 20 min per day 
• Behavioral measures of attention and self-control  

Attention Network Test (ANT), emotion (POMS, PANAS), 
inhibitory control (go/no-go) … 

• Physiological measures: salivary cortisol (stress hormone ); 
secretory immunoglobin A (sIgA), an index of mucosal 
immunity 

• Brain Imaging: fMRI, EEG … 
• Stress task 

 
 

Tang et al, PNAS, 2007 



Five days of IBMT (~2 h) on ANT performance 

Tang et al, PNAS, 2007 



If longer IBMT practice (4-week) induces 
more attention improvements ? 

Five sessions of IBMT (~2 h) only 
improves executive attention on ANT 

performance, but 20-session improves 
both executive and alerting attention!  

  
 

Fan et al, 2010, 2013;Tang, 2009, 2013 



Brief IBMT Changes Stroop interference  

Fan, Tang et al, 2014 



 
Except attention, IBMT improves working 
memory capacity, creativity and problem 
solving, in which these key cognitive 
capacities are critical for reading, math, 
reasoning, decision-making and intelligence 
based on previous studies.  
 
 

Improving cognitive functioning 

Ding, Tang et al, 2013, 2014, Tang et al, 2007, 2012, 2014, 2015 



Self-control includes both cognitive 
and emotional domains, does IBMT 
also improve emotion regulation? 

 



 Comparison of Emotions at pre- and post- IBMT training 

A (anger—hostility); C (confusion—bewilderment); D (depression—dejection);  
F (fatigue—inertia); T (tension—anxiety); V (Vigor-Activity).  Tang et al, 2007 



Positive and Negative Affect 

Ding, Tang et al, 2014 



                                Summary  
 

 
 Brief IBMT significantly improves self-control abilities 

in attention control and emotion regulation 
 It could help the healthy and patient population with 

more focus and positive emotions  
 
 

 
 
 
 

Tang, 2009, 2011, 2012; Ding et al, 2014a, 2014b; Xue et al, 2014 



               Does brief IBMT reduce stress 
hormone and improve immune function 
 

 
  
 
 

 
 
 



Experimental procedure for stress study 

 



Comparison of Cortisol concentration in 3 different 
stages (stress reduction) 

Tang et al, 2007, 2012 



Fan, Tang, et al, 2009, 2010, 2013 

 
Dose dependent fashion: 1- to 4-week training 

About 10 h IBMT changes basal stress level (cortisol)  
  

 



Comparison of sIgA concentration in 3 different 

stages (immunoreactivity)  

Secretory Immunoglobin A (sIgA) 



Fan, Tang, et al, 2009, 2010, 2013 

 
Dose dependent fashion: 1- to 4-week training 

About 10 h IBMT changes basal immune function (sIgA)  
  

 



                                Summary  
 

 
 Stress harms brain learning ability. IBMT significantly 

reduces stress, improves emotion, and immune 
function, it could help students learn effectively in a 
positive environment, and help reduce teachers’ 
common problems including stress, emotion, low 
quality instruction, burnout, and create a collegial 
school culture 

 Stress is related to traumatic experience, aggression, 
drug abuse and antisocial behavior, IBMT may help 
these problems 

 About 10 h IBMT changes basal stress level and 
immune function, suggesting the benefits for 
health and psychological wellbeing 

 



How IBMT works? 
  Mechanism  

 



Brain-Body Interaction during IBMT 

Tang et al, PNAS, 2009; Tang & Posner, TICS, 2009; Tang et al, TICS, 2012  

 
-Two experiments: 86 subjects, random assignment to 5 days 
of IBMT or RT 
-Neuroimaging: SPECT/EEG: central nervous system 
(brain) 
-Physiological recordings: autonomic nervous system 
(body) 
-Greater blood flow/theta wave at ACC & high 
frequency heart rate variability (parasympathetic 
activity)    



Resting state is a default mode of  
our brain and mind, 

could IBMT change the resting state? 



Resting and restless mind 
 
 

Fox et al, 2005 



Increased brain activity after 5-day IBMT compared to relaxation 

Tang et al, PNAS, 2009 



Does body work with mind 
together during IBMT? 

Tang et al, PNAS, 2009 

We use heart rate variability (HRV) and skin conductance 
response (SCR), indexes of autonomic nervous system to explore 
the body-mind relationship 

Lower SCR and higher high frequency HRV mean more 
parasympathetic activity – more relaxed and calm state  

 



IBMT achieves better physiological states compared to relaxation 

Tang et al, PNAS, 2009 

SCR 

HRV 



Brain and body work together to maintain the meditation state 



Summary  

IBMT improves attention and self-regulation by changing  
the interaction between the central (brain) and the  
autonomic (body) systems as indexed by ACC theta 
power and high frequency HRV correlation. 
 
IBMT works by facilitating the achievement of a  
balanced body–mind state, producing the changes in  
brain and autonomic activity and their interaction. 

Tang et al, PNAS, 2009; Tang & Posner, TICS, 2009 



If IBMT induces brain white matter changes 
associated after short-term intervention?  

  

Self-control and Neuroplasticity  

We test this hypothesis using Diffusion tensor imaging (DTI) 
following 1-week, 2-week and 4-week of IBMT or RT. 
 

Tang et al, 2010 



~10 h IBMT increases fiber integrity in the left ACR 

Fractional anisotropy (FA) is an index indicating the integrity and 
efficiency of white matter. IBMT increases FA in anterior corona radiata 
(ACR) and changes the white matter connectivity associated with ACC, 
the self-regulation networks in the brain after 10 h training compare to 
relaxation training. 

Tang et al, PNAS, 2010 



Significant changes at brain ACC regions 



Mechanisms of White Matter Changes 
Induced by Meditation 

 

Tang et al, 2012 

FA alterations originate from several factors such as 
changes in myelination, axon density, etc.  
 
Reductions in radial diffusivity (RD) have been 
interpreted as improved myelin. 
 
Reductions in axial diffusivity (AD) involve other 
mechanisms such as axonal density. 
 



AD RD 

Neurons--Dendrites--Axons--Myelin 

Posner, Tang  et al 2014 



AD Decrease after 2-week IBMT 
 

Tang et al, 2012 



Does brain structural change 
correlate with behavior change 



 

Brain structural change and emotional regulation  



5-10 h of IBMT induces Neuroplasticity 

Tang et al, PNAS, 2010, 2012 

• White matter changes relate to improvement of cognitive 
function, emotion and various mental disorders 
 

• IBMT increases white matter (myelination and axonal changes) 
related to self-control networks.  
 

• The brain structural change is associated with emotion 
regulation, suggesting the brain-behavior relationship 
 

• IBMT may provide a means for improving self-regulation and 
perhaps reducing or preventing various mental disorders 

 
 



Tang et al, Nat Rev Neurosci., 2015 

The neuroscience of mindfulness 



Tang et al, Nat Rev Neurosci., 2015 

The core brain areas involved in mindfulness 



Applications   

 Improving Attention and Self-control, Mental Disorders 
Prevention/Intervention  

    -Cognitive, emotional and social performance 
    -Learning difficulty and disability 
    -ADHD 
    -Stress reduction-PTSD-TBI  
    -Mood disorders: depression, anxiety, aggression 
    -Substance abuse/addiction: deficits in self-control and reward  
    -Autism 
    -Obesity 
 Aging, quality of life and well-being 
 Brain development & plasticity in lifespan 



Tang et al, 2013 

Tang et al, 2013 



Same RCT design in smokers and nonsmokers  
using 2-wk of IBMT or RT (5 h in total) 
 
 Participants were recruited for an interest in reducing 

stress and improving attention, not quitting smoking 

 
Tang et al, PNAS, 2013 

One example 



Smoking amount before and after 2-week of training 

Lasting effects Tang et al, PNAS, 2013 



Increased ACC/PFC activity at resting state after 2-wk of IBMT 

Before training, smokers showed reduced activity in the ACC/PFC, 
compared to nonsmokers. After training, the smokers receiving 
IBMT (but not relaxation) showed greater activity in the ACC  
 



Brief IBMT intervention seems to induce spontaneous 
behavior change and some smokers were not aware of 
their less-frequent smoking following training until 
prompted to quantify their cigarette use.  
 
Intervention improves ACC/PFC activity in self-control 
network and reduces cortisol  
 
Participants did not have intention to quit, unconscious learning 
and implicit process?  
 
These results suggest that IBMT may be a low-cost and promising 
intervention to reduce smoking and other drug use related to self-
control deficits.  However, a full-scale RCT study is needed. 

Summary 



Insight for Training and Practice   

 Focus attention: breath; body; object; more… 

Open monitoring: see the things as it is 

Compassion 
Others: Integrative techniques 
Different stages 
Proper effort 
State and Trait Transfer 
 

 See more on new book (Tang, 2015)  



Tang, Rothbart & Posner, TICS, 2012 
 

Tang et al, TICS, 2009, 2012, 2014  

An insightful metaphor in practice 



Future Directions  
  

One will be: 
 
Effects of different types of mindfulness programs 

and different components in mindfulness as 
well as different stages and states of practice. 

 
Another: how to train attention and self-control 

effectively? 
 
 

 Tang et al, Nat Rev Neurosci., 2015 



References  
 Tang YY, Holzel BK, Posner MI. The neuroscience of mindfulness meditation. Nature  

Reviews Neuroscience, 2015, 16(4): 213-225 
 

Tang YY, Posner MI, Rothbart MK, Volkow ND. Circuitry of self-control and its role in  
reducing addiction. Trends in Cognitive Sciences, 2015, in press 
 

Tang YY, Posner MI. Training brain networks and states. Trends Cogn Sci., 2014,  
18(7):345-50 
 

Tang YY, Tang R, Posner MI. Brief meditation training induces smoking reduction.  
Proceedings of the National Academy of Sciences, USA, 2013, 110(34):13971- 
13975 
 

Tang YY, Rothbart MK, Posner MI. Neural correlates of establishing, maintaining and 
switching brain states. Trends Cogn Sci., 2012, 16(6): 330-337 
 

Tang YY, Lu Q, Fan M, Yang Y, Posner MI. Mechanisms of White Matter Changes  
Induced by Meditation. Proc Natl Acad Sci U S A.  2012, 109 (26):10570-4 
 

Tang YY, Lu Q, Geng X, Stein EA, Yang Y, Posner MI. Short-term meditation induces  
white matter changes in the anterior cingulate. Proc Natl Acad Sci U S A. 2010,  
107(35): 15649-52 

 



References  
 Tang YY, et al. Central and autonomic nervous system interaction is altered by short  

term meditation. Proc Natl Acad Sci U S A. 2009, 106(22): 8865-70 
 

Tang YY, Posner MI. Attention Training and Attention State training. Trends Cogn Sci.,  
2009, 13(5): 222-7 
 

Tang YY, Posner MI. Exploring Training methods. Trends Cogn Sci., 2009, 13(5): 192-3 
 

Tang YY, et al. Short term meditation training improves attention and self regulation.  
Proc Natl Acad Sci U S A. 2007, 104 (43): 17152-17156  
 

Tang YY, Posner MI. Theory and Method in Mindfulness Neuroscience. Social  
Cognitive and Affective Neuroscience, 2013, 8(1):118-20 
 

Ding X, Tang YY, Cao C, Deng Y, Wang Y, Xin X, Posner MI. Short-term meditation  
modulates brain activity of insight evoked with solution cue. Social Cognitive and  
Affective Neuroscience, 2015, 10(1):43-9 
 

Fan Y, Tang YY, Posner MI. Cortisol level modulated by integrative meditation in a dose- 
dependent fashion. Stress Health. 2013, 30, 65-70. 
 

More on www.yi-yuan.net 
 



-  Mindfulness field is still in its infancy  
 

-  Mindfulness is one form of training/intervention, 
   IBMT is just an example, longitudinal full-scale 

RCTs are warranted 
 

- Mindfulness is an attitude and skill – but not 
everything. Combining with other (training) 
methods may be more effective for diverse 
populations… 
 

  
 

Tang et al, Nat Rev Neurosci., 2015 



  
For more information on 

www.yi-yuan.net 
Q&A Contact: yiyuanbalance@hotmail.com 

 
See another talk 

NIH Integrative Medicine Research Lecture 

 

Thank you for your attention 
 

http://www.yi-yuan.net/
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