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LEARNED AUTONOMIC CONTROL

Primary Disciplinary Field(s): Psychology (Physiological and Health), Behavioral Medicine,
Neurobiology

1. Core Definition

Learned Autonomic Control (LAC) refers to the capacity of an individual to voluntarily influence
physiological processes that are normally regulated unconsciously by the autonomic nervous

system (ANS). Traditionally, the ANS--which oversees vital involuntary functions such as heart
rate, respiration, digestion, and blood pressure--was considered entirely outside the realm of
conscious volition. However, LAC demonstrates that through specific behavioral and cognitive
techniques, particularly biofeedback, individuals can gain a degree of control over these internal
states. This conscious modulation requires the subject to first receive real-time information about
the physiological activity (the feedback) and then learn to associate mental or muscular
adjustments with the desired physiological outcome. The core mechanism often relies on principles
of operant conditioning, where internal physiological changes are treated as behaviors that can be
reinforced and subsequently learned, thereby challenging long-held dichotomies between the
somatic (voluntary) and autonomic (involuntary) nervous systems.

This concept represents a significant convergence point between psychology and physiology,
indicating that the mind can exert direct influence over bodily mechanisms previously thought to
operate solely on reflexive loops. While the control achieved is rarely absolute or immediate,
sustained training allows individuals to generate measurable shifts in functions like peripheral skin
temperature, cardiovascular tone, or electrodermal activity. The successful achievement of learned
autonomic control moves these typically automatic responses into a domain accessible by
conscious effort, providing powerful therapeutic avenues, particularly in managing psychosomatic
and chronic stress-related illnesses. The process essentially transforms an involuntary
physiological response into a conditioned behavioral response, enabling self-regulation for
improved health outcomes.

2. The Autonomic Nervous System (ANS)

To appreciate the significance of learned autonomic control, one must understand the traditional
function of the ANS. The ANS is the primary regulatory system for maintaining internal
homeostasis, operating largely beneath the level of conscious awareness. It is fundamentally
divided into three components: the sympathetic nervous system (SNS), the parasympathetic
nervous system (PNS), and the enteric nervous system. The SNS is commonly associated with the
"fight-or-flight" response, accelerating heart rate, increasing blood pressure, and diverting
resources from non-essential functions. Conversely, the PNS mediates "rest-and-digest" functions,
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slowing the heart, increasing digestive activity, and conserving energy. The delicate balance
between these two branches dictates moment-to-moment physiological adaptation.

The classical understanding held that because the ANS controls visceral organs and glands, its
functions were entirely reflexive and immutable by cortical direction. This anatomical and functional
separation between the voluntary somatic nervous system, which controls skeletal muscles, and
the involuntary ANS formed a cornerstone of physiological models for centuries. Learned
autonomic control challenges this strict boundary, positing that the continuous feedback loops
between the brain and the viscera can be purposefully intercepted and manipulated. This
manipulation does not fundamentally alter the ANS architecture, but rather trains cortical regions--
often through cognitive mediation--to subtly influence the balance between sympathetic and
parasympathetic output, thereby achieving regulation of target functions like basal metabolism or
stress response amplitude.

3. Mechanism: The Role of Biofeedback

The most established and scientifically rigorous methodology for achieving learned autonomic
control is biofeedback. Biofeedback training involves using specialized electronic equipment to
monitor a physiological process--such as muscle tension (electromyography or EMG), skin
temperature, heart rate, or brain waves (neurofeedback)--and presenting this information to the
individual in real-time, typically via visual display or auditory tone. This immediate, objective
feedback loop allows the otherwise invisible internal process to become a perceptual target,
rendering the involuntary function observable and quantifiable.

The learning process within biofeedback operates primarily through principles of operant
conditioning, a concept popularized by B.F. Skinner but adapted for visceral learning by
researchers like Neal Miller and Barry Dworkin. When the subject makes a slight, often
subconscious, internal adjustment that moves the physiological measure in the desired direction
(e.g., reducing heart rate), the corresponding change in the feedback signal acts as a positive
reinforcer. Over many training sessions, the individual learns to identify the mental or physical
strategies (which might include specific breathing techniques, focused attention, or guided
imagery) that reliably produce the reinforced physiological outcome. Crucially, the subject
eventually learns to perform the self-regulation without the aid of the external monitoring
equipment, demonstrating true learned control.

Different types of biofeedback target specific autonomic functions. For instance, thermal
biofeedback, which measures peripheral skin temperature (often an indicator of sympathetic
vasoconstriction), is used to treat conditions like Raynaud's phenomenon or migraines by teaching
the patient to increase blood flow to the extremities. Heart Rate Variability (HRV) biofeedback
focuses on training optimal respiration patterns to maximize vagal tone and parasympathetic
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activity, improving resilience to stress. In all cases, the technology acts as a mirror, transforming
cryptic physiological fluctuations into actionable information that bridges the gap between
conscious intent and autonomic response.

4. Historical Context and Early Research

The idea that humans could exert conscious control over autonomic functions has roots in ancient
practices such as Yoga and various forms of meditation, where practitioners claimed abilities to
slow their heart rates or tolerate extreme cold. However, the scientific investigation into learned
autonomic control began in earnest in the mid-20th century. Before this period, the prevailing view
in physiology, largely rooted in Pavlovian classical conditioning, held that while visceral responses
could be conditioned (e.g., anticipation causing salivation), they could not be voluntarily controlled
or shaped through operant reinforcement.

A significant paradigm shift occurred with the controversial but seminal work of researchers like
Neal Miller and his colleagues in the 1960s. Miller conducted influential experiments, often
involving curarized rats (paralyzed animals whose skeletal muscles were inactive, ensuring that
only autonomic responses could be reinforced), demonstrating that visceral responses, such as
heart rate changes or kidney blood flow, could indeed be altered using operant conditioning
principles if a reward (e.g., electrical stimulation of the brain's pleasure centers) was contingent
upon the physiological change. While some of these initial, radical findings proved difficult to
consistently replicate in subsequent human and animal studies, Miller's work laid the crucial
theoretical foundation, suggesting that the autonomic nervous system was not exempt from the
laws of learning that govern skeletal behavior.

Following Miller's research, the focus shifted to developing practical techniques for human
application. The rise of sophisticated electronic monitoring in the 1970s enabled the refinement of
biofeedback technology, making the previously theoretical concept of learned autonomic control
accessible for clinical use. Early human studies focused heavily on controlling blood pressure in
hypertensive patients and managing chronic muscle tension headaches, providing empirical
evidence that individuals could learn to regulate specific autonomic parameters, thus establishing
learned autonomic control as a legitimate area of study within behavioral medicine.

5. Physiological Targets of Control

Learned autonomic control has been empirically demonstrated across a wide spectrum of
physiological functions, each requiring tailored biofeedback methods. These targets generally fall
into three major categories: cardiovascular, neuromuscular, and thermoregulatory.

Cardiovascular Regulation: One of the most critical targets is the control of blood pressure and
heart rate variability (HRV). Individuals with essential hypertension can be trained to lower systolic
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and diastolic blood pressure by learning to decrease sympathetic arousal, often achieved through
guided relaxation and controlled breathing techniques monitored by specialized biofeedback
equipment. Similarly, increasing HRV--a marker of cardiovascular flexibility and parasympathetic
dominance--is a major focus in stress management and cardiac rehabilitation.

Neuromuscular Control (Indirect Autonomic Influence): While electromyography (EMG)
biofeedback directly measures skeletal muscle tension (a somatic function), controlling muscle
tension has powerful secondary effects on autonomic function, particularly in managing pain and
vascular disorders. For example, reducing tension in the forehead and neck muscles effectively
treats tension headaches, which are often linked to localized vasoconstriction and sympathetic
overactivity. The reduction in muscular stress leads to a generalized decrease in systemic
sympathetic outflow.

Thermoregulatory Control: Training subjects to increase peripheral skin temperature through
vasodilation is a classic example of learned autonomic control. By focusing on increasing blood
flow to the extremities, often utilizing thermal biofeedback, patients suffering from conditions
exacerbated by poor circulation, such as Raynaud's phenomenon, learn to voluntarily override

vasoconstrictive sympathetic signals. This demonstrates a clear capacity to modulate vascular
tone, a purely autonomic function.

6. Clinical Applications

The successful application of learned autonomic control through biofeedback has established its
role as a non-pharmacological intervention in behavioral medicine. These techniques offer patients
tools for self-management, reducing reliance on medication and empowering them to directly
influence their own physiological well-being.

One of the most widespread clinical uses is in the management of stress-related disorders,
including generalized anxiety and panic attacks. By learning to control heart rate or skin
conductance (a measure of sympathetic sweat gland activity), patients can effectively abort or
mitigate the physical symptoms of acute anxiety. Furthermore, biofeedback training serves as an
essential adjunct therapy for chronic pain conditions. Patients with migraines, for instance, often
combine thermal biofeedback (hand warming) with EMG biofeedback (scalp and neck muscle
relaxation) to reduce the frequency and intensity of headache episodes by intervening in the
vascular and muscular mechanisms underlying the pain.

Additionally, learned autonomic control is utilized in conditions involving smooth muscle
dysfunction, such as certain forms of urinary and fecal incontinence, where specialized
biofeedback helps patients achieve better coordination and strength of the pelvic floor muscles
(which interact closely with autonomic reflexes). In rehabilitation settings, neurofeedback (a form of
biofeedback targeting brain wave activity) is used to help patients recover cognitive and motor
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function following stroke or traumatic brain injury, demonstrating the broad therapeutic potential of
teaching the central nervous system to regulate its own output and influence downstream
autonomic processes.

7. Theoretical Debates and Limitations

Despite its clinical utility, the concept of learned autonomic control remains subject to theoretical
debate, particularly concerning the purity of the control achieved. Critics often raise the question of
whether the subject is truly modulating the autonomic nervous system directly, or if they are
instead manipulating subtle, somatic mediating activities that subsequently trigger the desired
autonomic change. For instance, when a person lowers their heart rate, they might be consciously
controlling minute muscle movements or employing a specific breathing pattern (a somatic
function) that reflexively influences the vagus nerve (autonomic function). The control, in this view,
is indirect and mediated, rather than a direct cortical command over the autonomic ganglia.

Furthermore, replication issues have historically plagued some of the more extreme claims of
visceral learning, leading to skepticism within the scientific community. While clinical trials
consistently show efficacy for specific conditions like migraines and hypertension, the high degree
of inter-individual variability in learning capacity and physiological responsiveness means that
learned autonomic control is not universally achieved. The necessary reliance on expensive,
specialized biofeedback equipment also presents a practical limitation to widespread adoption
outside of clinical settings.

Nevertheless, the consensus today accepts that learned autonomic control is achievable, often
through the integration of cognitive strategies, focused attention, and somatic maneuvers. The
ongoing debate focuses less on whether regulation occurs, and more on the precise neural
pathways responsible for the learning--whether they involve direct efferent pathways from the
cortex to the ANS centers, or complex conditioned responses involving intermediate somatic
behaviors. Regardless of the exact neurological route, the documented ability to consistently self-
regulate processes like blood pressure or heart rate variability signifies a profound capacity for
human self-influence that has revolutionized behavioral health interventions.

Further Reading

Autonomic nervous system (Wikipedia)
Biofeedback (Wikipedia)
Operant conditioning (Wikipedia)

Raynaud's phenomenon (Wikipedia)
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