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Life is a sensory experience. During every moment
of our life we experience the world through our varied
sensory systems. Sensory experiences drive our behavior
and contribte to the organization of our thoughts and
emotions. Immediately after birth, the infant is bom-
barded with a variety of new sensory stimuli. These pro-
vide important information about the characteristics and
potential demands of the baby’s new environment. The
infant must immediately detect, discriminate and adapt
to this information. Successful adaptation to the rapidly
changing environment and the ability to cope with chang-
ing demands depend on the infant’s ability to detect and
interpret sensory information. Thus, when we study in-
fant behavioral patterns, vocalizations and physiclogical
reactivity, we attempt to understand how the young in-
fant uses sensory systems to detect information from the
environment, and to integrate this information into motor,
affective and cognitive schema to successfully interact
with the environment.

We have learned that humans have five primary
sense modalities: smell, vision, hearing, taste and touch.
We know that even a newborn can respond to smell,
vision, hearing, taste and touch. These responses are
obvious to the parent and clinician (although only a few
decades ago, scientists were unaware of many sensory ca-
pacities of young infants). However, this traditional
method of categorizing sensory information does not ac-
count for the vast amount of sensory information being
conveyed to the brain from the numerous sensors located
inside our body. Even current clinical models of infant
regulation (e.g., Greenspan, 1992 Ayres, 1972) that em-
phasize the importance of sensory processing in the emo-
Honal and cognitive development of the infant, and indi-
vidual differences among infants in the ease with which
they detect and interpret sensory information, focus pri-
marily on three sense modalities that describe the external

environment — fhat is, touch, vision, and hearing. These
models do not deal with internal sensations that provide
information about the physiological regulation.

Although neurophysiclogists and neuroanatomists
describe sensory systemns which regulate our internal or-
gans, this tesearch has had little influence on either our
commion language or the clinical terminology we use to
describe bodily processes. At present, there are only a few
easily understood descriptors that characterize internal
senses and states — for example, pain, nausea and
arousal. Yet, in spite of this linguistic handicap, our expe-
riences provide us with an awareness of bodily sensations
and an appreciation of how these sensations can contrib-
ute to mood state and psychological feelings.

Missing from our Janguage and our science is the
ability to describe internal states. In our day-to-day inter-
actions we choose vague terms, such as “feelings” to de-
scribe the psychological consequences of bodily changes.
Behavioral scientists often attempt to objectify these terms
by operationalizing concepts such as state, mood, and
emotion with verbal reports and elaborate coding systems.
Clinical practitioners infer these feelings and use terms de-
scriptive of emotional tone. However, whether we are
talking about feelings, emotions, states, or moods, we are
always attempting to describe the internal states that are
continuously being monitored and regulated by the ner-
vous system.

The goal of this article is to introduce an additional
sense modality that monitors bodily processes. A variety
of terms may be used to describe this sensory system.
Classic physiology describes this sensory system as
interoception. Interoceptionis a global concept which in-
cludes both our conscious feelings of and unconscious
monitoring of bodily processes. Interoception, like other
sensary systems, has four components:

1. Sensors located in various internal organs to

“sense” internal conditions;

2. Sensory pathways that convey information to the

brain regarding the internal conditions;

3. Brain structures to interpret sensory information

and organize systems to respond to the changing in-

ternal conditions; and

4. Motor pathways that communicate from the brain

back to the internal organs that contain the sensors

to change directly the state of the internal organ.

Qctober / November Zero to Three



Brain structures evaluate interoceptive information,
categorize it, associate it with other sensory informa-
ton, and store the associations in memory.

Interoception is the sixth primary sense

The five classic senses desaribed above are catego-
rized based upon the sensors located un the external stur-
face of the body, or exteroceptors. However, we are aware
that the external senses fe.g., vision, audition, sound,
touch, smell, and taste) are not the sole source of stimula-
tion directing the infant’s behavior, thoughts, and emo-
tions. The ability to sense internal states and bodily pro-
cesses -— through interoceptors located on the heart, stom-
ach, liver, and other organs inside the body cavity - con-
stilutes a sixth sense that is crucial to the infant’s survival.

This sixth sense represents a functional awareness,
with both conscious and unconscious dimensions, of what
is happening inside the body. For example, cn a ¢n-
scious level, digestive processes may provide sensory in-
formation that the infant interprets as hunger when the
stomach is empty, or as pain when the stomach is severely
distended due to gas. The cardiovascular and respiratory
systems also provide conscious feedback. —Alertness
changes as a function of shifts in both blood pressure as-
sociated with posture (when, for example, a baby bright-
ens when picked up and held upright against a parent’s
shoulder) and blood gas concentrations of carbon dioxide
and oxygen. On an unconscious level, internal organs
have sensors which send continuous information to brain
structures. This unconscious awareness fosters stability
(i.e., homeostasis) in internal physiology by rapidly adjust-
ing to support specific motor behaviors and psychological
processes.

Although bodily sensations are paramount to the
infant’s successful survival, developmental specialists are
currently more concerned with the infant’s capacity to
sense external stimuli. For example, clinical assessment
tools, such as neurological and neuropsychological exami-
nations, focus only on the processing of external stimula-
tion. Similatly, our current childrearing and intervention
strategies are not at all geared to helping young children
sense their internal physiological states. We do not pro-
vide infants and young children with descriptive or sym-
bolic tools to represent internal states, nor are caregivers
taught to perceive specific behavioral or physiological in-
dicators of gradations in the infant’s bodily sensations.
This remains the case even though we know that the sta-
tus of bodily functions (such as digestion) and infants’ re-
actions to difficulties in these processes (such as colic) are
derived via important sensory systems. Moreover, the
sensory information from continuously monitoring bodily
functions can influence the infant’s ability to perform spe-
cific behaviors, perceive external stimuli, and organize in-
formation into mental representation of cognitions and
emotions. ’

Evaluating sensoxry pracessing

For the five classic sensory modalities, we can evalu-
ate the competence of the child to process sensory infor-
mation by direct observation of behavior and through ver-
bal reports. We can observe adaptive and dysfunctional
strategies. We can identify problems by observing hypo-
responsiveness and hyper-responsiveness in response to
specific sensory challenges. We can evaluate developmen-
tal patterns in the child's ability to integrate sensory infor-
mation. In addition, we can evaluate intervention proce-
dures delivered by professionals such as speech and hear-
ing specialists, ophthalmologists, nurses, occupational
therapists, physical therapists, psychologists, psychiatrists,
and pediatricians.

In contrast, interoceptive competence has not been
systematized. Other than estimates of pain severity, there
are no methods to quantify perception of bodily processes
or to test unconscious interoceptive feedback. There are
no scales to identify developmental landmarks.

But whether or not we know how to describe or
measure them, sensations from inside the body are a
strong influence on the infant’s behavior in the world.
From birth, the infant’s need of sleep, food, water, and
warmth are monitored via internal sensors. This informa-
tion drives much of the infant’s behavior. The infant’s
behavior then provides cues to the caregiver. In other
words, stimulation of specific sensors inside the body- of
the young infant results in behavioral responses that
prompt the caregiver to interact with the infant, to com-
fort and to reduce the cause of the bodily sensations. For
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example, feeding the infant reduces hunger, burping re-
lieves flatulence after feeding, and sucking may stimulate
digestion and reduce constipation.

Interaception: The infrastructure of higher-order
behavior

Interoception is dependent on a complex feedback
system that starts with sensors located in various body
organs and ends with the higher-order social interaction
with the caregiver. Faulty sensors or a dysfuncton in any
component of the sensory system (i.e., sensor, sensory
pathway to the brain, motor pathway from the brain, or
areas in the brain that interpret the sensory information
and control the motor output to the organ) may contrib-
ute not only to physiological problerns, but also negatively
impact on the psychological and interactive experiences of
the infant. Thus, the quality of interoceptive processes
may contribute to individual differences in information
processing (e.g, cognitive processes), emotional expres-
siveness, and social behavior.

I have conceptualized the dependency of complex
behaviors on successful bodily processing in a hierarchial
model with four levels (see Porges, 1983). Each level re-
quires successful functioning on the preceding level of or-
ganization. Although the model includes complex social
behaviors, the substrate of the model depends on the or-
ganizational competence of the nervous system.

® Level [ is characteristic of homeostatic processes

of physiological systems regulating the internal
organs. Homeostatic regulation requires the bi-
directional interoceptive process of monitoring
and regulating the internal organ via sensory and
motor pathways between the brain and the inter-
nal organ,

¢ Level II processes require cortical, conscious, and

often motivated influences on the brainstem regu-
lation of homeostasis.

® [Level III processes are observable behaviors that

can be evaluated by the quantity, quality, and ap-
propriateness of motor behavior.

@ Level IV reflects the coordination of behavior,

emotional tone, and bodily state to successfully
negotiate social interactions.

This model assumes that complex behavior, includ-
ing social interactions, depends on physiology and how
appropriately the nervous system regulates bodily pro-
cesses. In this model, interoception becomes the founda-
tion of physical, psychological, and social development.
Interoception serves as the neuro-physiological substrate
of the higher processes, included in Leve! Il and Level IV,
that have been elaborated by many other researchers,
practitioners, and theorists of child development.

Level I processes: Physiological homeostasis
Underlying the vague concept of “feelings” is a
physiological process that depends upon interoception.

By explaining and measuring the functional regulation of
physiclogical processes dependent upon interoceptive
mechanisms, we can identify functional valnerabilities in
the infant’s ability to regulate on the most basic level. If
the infant is insensitive to his or her own bodily calls for
care, nurturance, and protection, how will the infant ap-
propriately function and respond to social needs?

Level I processes provide the physiological mecha-
nisms for state regulation, including emotional reguiation
and expression. They also provide the infrastructure for
the child’s successful interaction with the challenging so-
cial demands of the world.

In the proposed hierarchial model, Level I processes
represent the successful regulation of internal bodily pro-
cess via neural feedback systems. To maintain homeosta-
sis, interoceptors originating in the body cavity (c.g., gas-
tric, hepatic, entertc, cardiac, vascular, and pulmonary sys-
tems) fransmit information via nerves to brainstem struc-
tures. The brainstem structures interpret the sensory in-
formation and regulate the internal physiological orgat.s.
They do this by stimulating nerves that either directly con-
trol internal organs (e.g, increase or decrease heart rate,
constrict or dilate blood vessels, inhibit or facilitate peri-
staltic activity, etc.) or indirectly manipulate the organs by
releasing specific hormones or peptides (e.g., adrenalin, in-
sulin, oxytocin, vasopressin, gastrin, somatostatin, etc.).

Level I is associated with the organization and neu-
ral feedback mechanisms that characterize the mainte-
nance of homeostasis. These homeostatic processes can
shut down when either internal conditions or external
challenges require maximum output of encrgy. For ex-
ample, fever, severe thermo-stress, extreme emotional dis-
tress, and aerobic exercise can reflexively inhibit Level I
feedback systems. States associated with severe iliness
{e.g., physiological compromise and instability) are also
characterized by a down-regulation of the neural control
of bodily processes. Alternatively, up-regulation may ac-
cur when the interoceptors are directly stimulated (e.g.,
the filling of the stomach with food) or when other sen-
sory modalities reflexively influence bodily processes. For
example, the smell of appetizing food initiates signals
from the nose to the brainstem structures that in turn stim-
wlate glands in the mouth and stomach to produce diges-
tve secretions even before the food enters the mouth.

Level Il processes: Cost of doing business

The autonomic nervous system is the division of the
nervous system that senses the condition of internal or-
gans and regulates their activity. The autonomic nervous
system deals with: 1) servicing the needs of the organs in-
side the body; and 2) responding to external challenges.
We can define adaptive behavioral strategies and homeo-
stasis in terms of the child’s ability to trade-off befween in-
ternal and external needs. Based upon this model, homeo-
stasis and response strategies to environmental demands
arc interdependent. Homeostasis reflects the regulation of
the physiological conditions within the body. Response
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strategies reflect the stage when internal needs become
less important than external needs — when the baby (fed,
burped, and changed) is ready and eager to interact with
the world of people and things.

The autonomic nervous system has two branches,
the sympathetic and the parasympathetic. In general, the
parasympathetic branch promotes functions associated
with growth and restoration. In contrast, the sympathetic
branch promotes increased output of energy to deal with
challenges from outside the body. When there are no en-
vironmenta! demands, the autonomic rervous system ser-
vices the needs of internal organs to enhance growth and
restoration. However, in response {o environmental de-
mands, homeostatic processes are compromised and the
autonomic nervous system supports increased output of
energy, by down-regulating parasympathetic function
and often stimulating sympathetic function to deal with
thesc external challenges.

The central nervous system mediates the distribu-
tion of resources to deal with internal and external de-
mands. Perceptions and assumed threats to survival (in-
dependent of the actual physical characteristics of the
stimulation) may promote a massive withdrawal of para-
sympathetic tone and a reciprocal excitation of sympa-
thetic tone, This trade-off between internal and external
needs is monitored and regulated by the central nervous
system,

Level II represents the integration of interoceptive
systems with other sensory modelities and psyuhologmal
processes. Unlike the reflexive integration described in
Level I, Level I involves higher brain processes. Level I
processes include voluntary approaches to the source of
stimulation or an awareness of the need to problem solve
and engage in information processing. To foster the con-
tact with the stimulus or to process information, the inter-
nal bodily state is changed. Level Il is characterized by the
appropriate adjustment (i.e., gradations in inhibition) of
homeostatic processes during states of attention, the pro-
cessing of information, and social behavior.

When other senses — for example, hearing, sight, or
touch — are stimulated, the autonomic responses are a
secondary process. Under these conditions, after the baby
detects sensory information, his brain structures regulate
autonomic organs to facilitate the processing of the sen-
sory information. These physiological states may support
the baby’s ability simply to pay attention to the sensory
stimulus, or, by increasing metabolic output, the physi-
ological state may support the child’s physical movement
towards or away from the stimulus.

Sensory information from the external environment
triggers changes in internal regulation that are maintained
via accurate interoception. Without accurate intero-
ception, the down-regulation of internal physiological pro-
cesses may compromise survival — for example, by inhib-
iting digestion or by disturbing electrolyte or blood gas
levels. Defects in interoception may also be at the base of
regulatory disorders (Greenspan, 1991). Regulatory disor-

ders reflect a broad spectrum of dysfunction in young chil-
dren and include difficulties in bodily processes such as
eating and sleeping, difficulties in processing sensory and
affective information, and difficulties in state regulation.

Physiological and behavioral homeostasis: Paralle!
concepts

As a construct, physiological homeostasis is consis-
tent with the behavioral homeostasis observed by
Greenspan (1992). Greenspan has described a develop-
mental period from birth to three months during which
the infant masters homeostatic processes. In this model,
homeostasis requires the appropriate regulation of sleep
and behavioral states as well as the ability to incorporate
appropriate visual, auditory, and tactile stimulation, Thus,
children defined as having regulatory disorders have dif-
ficulties in sleep, feeding, and sensory integration.

Greenspan’s model, however, focuses on the exter-
nal sensory modalities — hearing, sight, and touch. am
suggesting that physiclogical homeostasis (Level 1) and
the regulation of physiological homeostasis to support
sensory processing of environmental stimuli (Level 1) are
necessary substrates for the behavioral homeostasis. In
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other words, the regulatory disorders defined by
Greenspan may have a physiological substrate (Porges &
Greenspan, 1991). Bmpirical research provides support for
this hypothesis (e.g, DeGangi et al, 199%; Portales et al.,
1992; Porges et al, in press). We are demonstrating that
physiological measures of homeostasis are related to be-
havioral problems in infants. OQur findings suggest the
possibility that clinicians will be able to use physiological
measures that reflect interoceptive competence diagnosti-
cally, to identify Level I and Level II vulnerabilities in in-
fants and young children.

Assessment of Level I and Level II processes

In general, homeostatic processes are regulated by
the parasympathetic nervous system via the vagus nerve,
a large nerve with several branches enabling bi-directional
communication between brain structures and internal or-
gans. The vagus, with its sensory and motor pathways, is
the primary component of the interoceptive system. The
vagus and its branches account for approximately 80 per-
cent of the parasympathetic nervous system. Approxi-
mately 70 percent of the vagal fibers are sensory, and thus,
directly service interoceptors within the body cavity.
Thus, measurement of vagal activity provides information
on interoception in maintaining homeostasis (i.e., Level 1
processes) and the regulation of homeostasis to support
environmental challenges (i.e., Level I processes).

It is possible to monitor vagal activity by quantify-
ing specific rhythmic changes in heart rate (see Porges,
1992). Level I processes may be evaluated by measuring
vagal control of the heart during rest or sleep; this pro-
vides a measure of the infant’s interoceptive capacities to
maintain homeostatic control. Level I processes may be
evaluated by measuring the change in vagal control of the
heart during environmental challenges; this provides a
measure of the infant’s capacity to down-regulate the va-
gal system to deal with environmental demands.

Our research program provides data supporting the
hypothesis that the ability to sense and regulate internal
physiological state is at the base of competencies in
higher-order behavioral, psychological, and social pro-
cesses. Currently, we are developing laboratory proce-
dures to profile the infant’s capacity to regulate internal
physiological systems during a variety of sensory process-
ing demands. Our long-term goal is to provide a stan-
dardized clinical instrument to evaluate interoception.
This instrument would complement neurological,
neuropsychological, and other sensory evaluations. The
assessment would index interoceptive processes through
the measurement of heart vagal influences on the heart
(i.e., cardiac vagal tone). The instrument will have the ca-
pacity to evaluate two dimensions of interoception:

1. The capacity to monitor and maintain homeosta-

sis in the absence of environmental challenges (i.c.

Levell processes); and

2. The capacity to alter homeostasis to support be-

haviors required by environmental challenges (Le.,

Level I processes).

The ability to measure interoception, the sixth sense,
opens a new window to the infant’s sensory experiences.
This window allows us to observe and to understand the
internal feclings of the infant and how these internal states
change during illness, mental processing, and social be-
havior.

T

References

Ayres, AJ.1972. Sensory integration and learning disorders. Los
Angeles, CA: Westexn Psychological Services.

Cannon, WB. 1929, Bodily Changes in Pain, Hunger, Fear and
Rage. An Accownt of Recent Researches into the Function of Ermo-
tional Excitement. New York: 12, Appleton.

DeGangi, GA; DiFietro, JA; Greenspan, SI; & Porges, SW. 1991,
Psychophysiological characteristics of the regulatory disordered
infant. Infant Behavior and Development, 14, 37-50.

Greenspan, SI 1992, Infancy and early childhood: The practice of
clinical assessment and inlervention with emotional and developmen-
tal challenges. Madison, CT: International Universities Press, Inc.
Porges, SW. 1983, Heart rate patterns in neonates: A potential
diagnostic window to the brain. In T.M. Field and A.M. Sostek
(eds.), Infants Born at Risk: Physiological and Perceptual Responses.
New York: Grune & Stratton, 3-22.

Porges, SW. 1985. Method and Apparatus for Fvaluating Rhythmic
Oscillations in Aperiodic Physiological Response Systems. Patent
Number: 4,510,944, April 16, 1985.

Porges. SW. 1992, Vagal Tone: A physiological marker of stress
vulnerability, Pediatrics, 90, 498-504.

Porges, SW & Greenspan, SI. 1991, Regulatory disordered in-
fants: A common theme. In National Institutes of Drug Abuse
workshop report on Methodological Issues in Controlled Stud-
ies on Effects of Prenatal Exposure to Drugs of Abuse, National
Institute on Drug Abuse Research Monograph, 114, 173-181L.
Porges, SW; Poussard-Roosevelt, JA; & Maiti, AK. {in press).
Vagal tone and the physiological regulation of emotion. InN.A.
Fox (ed). Emotion Regulation: Behavioral and Biological Consider-
ations. Monograph of the Society for Research in Child Devel-
opment.

Portales, AL; Doussard-Roosevelt, JA; Lee, HB; & Porges, SW.
1992, Infaut vagal tone predicts 3-year child behavior problems.
Infant Behavior and Development, 15, 636.

16

Qctober / November Zero to Three



