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1. Introduction
Neuroplasticity, or brain plasticity, refers to the brain’s

ability to change, adapt, and reorganize itself by forming
new neural connections throughout life. Several key fac-
tors contribute to neuroplasticity, including genetics, learn-
ing, training, and environmental changes. Experience-
dependent neuroplasticity (EDN) represents the influence
of a person’s life experiences (e.g., culture, learning, ad-
versity, drugs) on brain development and reorganization
[1]. In the London taxi driver study, compared to non-
taxi-driver controls, the taxi drivers who mastered the city’s
streets showed increased grey matter volume in the pos-
terior hippocampus, a region crucial for spatial memory.
The longer an individual had been driving taxis, the larger
their posterior hippocampus [2]. However, daily experi-
ences are often not self-motivated and are driven by ex-
ternal demands and tasks such as repeated environmental
stimuli. Therefore, we propose self-directed neuroplastic-
ity to consciously shape our brain’s structure and function,
and effectively change habits and behaviors.

Self-directed neuroplasticity (SDN) refers to the mod-
ulation and reorganization of the brain’s plasticity through
effortful and effortless self-control processes using self-
initiated, tailored experiences (e.g., training) to induce brain
functional and structural changes [1]. Compared to EDN
which is closely linked to task-positive networks (e.g.,
sensory, motor), SDN engages down-regulation of default
mode networks and up-regulation of self-control and task-
positive networks [1]. There are two types of training
methods—Network training and State training, which con-
tribute to self-neuroplasticity [3]. In this review, we con-
sider two widely used methods—working memory train-
ing and mindfulness training to demonstrate the similarities
and differences between network and state training on brain
plasticity.

2. Network Training and Brain Plasticity
Cognitive training has now become popular to im-

prove cognitive function and prevent cognitive decline. It
uses a set of structured, targeted activities designed to im-
prove specific cognitive functions such as working memory
and attention [4]. Network training often uses computer-
ized programs (e.g., attention or working memory training)

and involves task repetitions with increasingly demanding
levels of task difficulty and effort. Network training re-
quires narrow focus and task-specific learning and exercise.
Therefore, it engages specific brain networks related to se-
lected cognitive processes.

Working memory is the capacity to hold and manip-
ulate information while resisting distractions. Working
memory training (WMT) targets the temporary storage of a
few items, either recently presented or retrieved frommem-
ory. Therefore, it specifically targets the structure of the
task (like n-back working memory) and does not generalize
beyond that task. The meta-analyses of WMT have shown
significant near transfer in working memory but little to
no far transfer to general intelligence, and academic skills
[5,6]. Several factors may contribute to limited far transfer
including lack of overlap in core cognitive processes, not
targeting executive functions, and lack of motivation and
engagement. Thus, training-induced neuroplasticity tends
to be task-specific (e.g., stronger activation in the fron-
toparietal areas related to the task), rather than broadly re-
structuring networks involved in other cognitive capacities
[1,3].

Why is frontoparietal plasticity task-specific? One ex-
planation is the context-dependence of synaptic modifica-
tions in prefrontal and parietal regions, where long-term po-
tentiation and long-term depression reinforce task-relevant
circuits without broad generalizations [7,8]. Basic mecha-
nisms, such as synaptic pruning and the activity of brain-
derived neurotrophic factors, further constrain plasticity to
circuits that are repeatedly engaged [9]. Thus, while fron-
toparietal plasticity supports task performance, its speci-
ficity limits generalization beyond the trained task. These
findings suggest that brain plasticity is localized following
WMT [1,3,5,6].

3. State Training and Brain Plasticity
In contrast, state training uses practice (e.g., mindful-

ness meditation, nature exposure) to develop a brain state
that may influence the performance ofmany networks. This
state involves networks but is not designed to train networks
using a cognitive task. Instead, it changes brain and bod-
ily states (central and autonomic nervous system, CNS and
ANS) and engages diverse brain networks such as atten-
tion control, emotion regulation, self-awareness, and exec-
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Fig. 1. Biomarkers of self-directed neuroplasticity. Biomarkers include structural (e.g., grey matter volume) or functional (e.g., brain
activity) changes. Key brain areas are involved in the effortful (left) and effortless (right) attention and self-control processes. The red,
orange, and purple dots represent the frontoparietal areas (left), ACC, PCC, and striatum (right), respectively. ACC, anterior cingulate
cortex; PCC, posterior cingulate cortex.

utive function. It is different from effortful network train-
ing, such asWMT, that involves demanding cognitive tasks
or processes to achieve benefits [3,10].

Integrative Body–Mind Training (IBMT), an open-
monitoring mindfulness practice, is an example of SDN.
IBMT emphasizes effortless awareness of body and mind,
accepting whatever arises without trying to control thoughts
or feelings. Randomized trials show that brief periods of
IBMT enhance attention and self-control, and induce neu-
roplasticity in the anterior and posterior cingulate cortex
(ACC and PCC) and striatum through interaction between
CNS and ANS. In addition, IBMT has shown far-transfer
effects such as improvements in cognitive performance,
academic skills, emotion regulation, executive function,
and immune function [1,10–13].

Why does IBMT induce neuroplasticity through CNS
and ANS interactions? Emerging evidence points to a bidi-
rectional mechanism. IBMT increases parasympathetic ac-
tivity (e.g., elevated high-frequency heart rate variability),
which is associated with improved regulation of emotion
and attention control. This heightened vagal tone pro-
vides a physiological context that facilitates ACC engage-
ment, thereby modulating its activity [1,10,13]. Alterna-
tively, IBMT directly modulates ACC activity and its func-
tional connectivity with broader regulatory networks (e.g.,
insula, striatum, PCC). These networks are implicated in
both cognitive control and autonomic regulation. This form
of top-down regulation from the ACC to the ANS suggests
a central–autonomic couplingmechanism that may underlie
IBMT-induced neuroplasticity. These findings are consis-
tent with previous studies documenting the role of ACC in
autonomic regulation across both healthy and pathological
populations [10,13–15].

4. How to Induce Self-Directed
Neuroplasticity Effectively

As shown in Fig. 1, effortful and effortless attention
and self-control processes modulate and reorganize brain
plasticity using self-initiated, tailored training experiences
to induce functional and structural changes in the brain.

Effortful control involves sustained mental effort and
control to achieve outcomes and is often supported by the
frontoparietal network. Participants often don’t enjoy the
training and seldom continue it voluntarily. Therefore, how
to engage participants with greater interest and motivation
in repetitive tasks is crucial for efficient plasticity [3]. In
contrast, effortless control engages minimal effort and au-
tonomic control and is often supported by the ACC, PCC,
striatum and parasympathetic nervous system. Participants
often enjoy and engage in the training. How to maintain a
longitudinal practice voluntarily is important to the plastic-
ity [10].

Effortful control requires narrow focus whereas effort-
less control engages open focus. When requiring paying
attention to an object or a task, we often use narrow fo-
cus with a rigid and fixated attention mode to complete the
task, which leads to elevated stress and muscle tension in
the neck, head and spine. This process triggers effort-based
frontoparietal areas and the sympathetic nervous system.
When using an open, soft, and flexible attention mode to
complete a task, we are in the parasympathetic dominance
and engaging the ACC-PCC-striatum network, which is of-
ten more efficient and creative. Therefore, effortful con-
trol aligns with network training’s narrow focus, while ef-
fortless control underlies state training’s open focus. As a
result, changing attention habits and balancing narrow and
open focus become crucial for effective SDN [1,10–13,16–
20].

SDN can be brief andwe can use designed experiences
(e.g., training format) to modulate and reorganize our own
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brain function and structure through effortful and effort-
less attention and self-control processes. How to combine
effortful and effortless training, such as in different time
course or dose, is imperative for effective SDN and perfor-
mance.
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