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Neuroscience Principles 
to Support Habilitation 
and Recovery 
Winnie l>ui~n, PhD, OTR, FAOTA 

OBJECTIVES 
The i y % m a t i o ~ ~  in this chaptcr is iutended to help the vende~c 

1.  appreciate the importance o f  various brain fimctions in the performance of 
life tasks 

2.  identifp the basic neurological mechanisms which support  performance 

3. ciescribe thc similarities and differences among syste~ns within the central 
IIer\~OlIS SYStClll 

4. understand the roles o f  attcntional, motivational and emotional systems in 
support o f  performance 

5. recognize examples of release plienomcn~l within the CNS 

6 .  identi@ a range of contextually rclcvant interventions t o  support perfor- 
mance in persons with bmin involvement in their disability 

7. interpret the ~iicaning of behaviors from a neuroscience point of  view, as a 
contributing factor in intervention p l ~ n n i n g .  



BASIC NEUROLOGICAL PRINCIPLES 
THAT SUPPORT PERFORMANCE 

Neurological principles enable us to understand how the 
nervous system operates to support performance. They are 
important because they subserve all the functions of the central 
nervous system (CNS) and are one of the key intrinsic factors 
that support occupational performance (see Person- 
Environment Occupational Performance Model in Chapter 3). 
The occupational therapist can select and design activities com- 
patible with central nervous system functions, and take full 
advantage of their impact to support or facilitate performance. 

Centrifugal Control 
Centrijirgal control, the most basic principle of CNS oper- 

ations, is the brain's ability to regulate its own input. The CNS 
ensures that the information it receives and processes is the 
most useful for its own functioning. Four types of centrifugal 
control: suppression, balance of power, divergence and con- 
vergence (Noback & Demerest, 1987) will be discussed. 

Suppression 
Suppression is the CNS' ability to screen certain stimuli 

so that other stimuli receive more carefill attention. Persons 
are bombarded with an array of sensory stimuli throughout 
the day; through suppression, the brain determines which 
stimuli warrant attention and response and which stimuli can 
be ignored safely. People who are distractible are likely to 
have poor suppression: they have difficulty engaging in pur- 
poseful behavior because they are constantly attending to all 
the other stimuli available in the environment. Those with 
poor suppression often have difficulty screening out appropri- 
ate stimuli. If the wrong stimuli are screened out or if stimuli 
are screened based on rigid or ritualistic patterns rather than 
in response to specific environmental demands, the person 
may engage in inappropriate or even dangerous behaviors. 

Balance of Power 
The balance of power refers to the complementary func- 

tions of the various parts of the brain. For example, certain 
parts of the brain are responsible for increasing activity level, 
while other parts provide inhibitory control. Some parts of 
the brain initiate movement and other parts stop or control 
the amount of movement that occurs. Normally, there is a 
balance of power. enabling the CNS to finely tune responses 
to meet all environmental demands. 

When the balance of power is disrupted as in brain injury, 

the CNS experiences a release phenomenon. With injury in 
higher cortical centers, arousal mechanisms are released 
from inhibitory control, which can lead to hyperactivity and 
distractibility. These behaviors do not reflect dysfunction in 
the arousal mechanisms themselves (i.e., the reticular acti- 
vating system). but rather represent a disassociation of 
arousal systems from control usually provided by modulating 
centers (i.e., a release). A release phenomenon can occur in 
any part of the CNS related to any function. Many of the 
abnormal behaviors observed and documented by occupa- 
tional therapists can be attributed to a release phenomenon, 
or poor maintenance of the balance of power in the CNS. 

Divergence 
Divergence is the CNS's ability to send information it 

receives from one source to many parts of the CNS simulta- 
neously. For example, if the brain receives a stimulus signal- 
ing potential harm, that information needs to get to many 
areas sin~ultaneously to generate "fight or flight" responses. 
Divergence also ensures that an entire muscle is engaged in 
action when a movement is required, rather than a small 
number of muscle fibers. 

Convergence 
Convergent neurons require input from a variety of 

sources before a response will be generated. For example. a 
specific neuron may activate only if it receives three or more 
types of input. Convergent neurons enable the CNS to tem- 
per responsiveness to specific stimuli thus preventing a per- 
son from reacting inappropriately when only partial stimuli 
are available. Without this convergent neuronal network, the 
individual would respond to every stimulus, demonstrating 
poor integration of the convergent neuronal network. 

Balance of Excitation and Inhibition 

Excitation 
Excitation is the depolarization of neurons that moves 

them closer to the activation threshold. Temporal patterns 
occur when a neuron is repeatedly stimulated, enabling the 
neuron to either be slowly depolarized or to continue sending 
a message over and over again as is required to maintain mus- 
cle tone for postural control. Spatial neuronal patterns occur 
simultaneously over many areas of the brain when engaging 
many CNS components at once is important, such as when 
noticing a sound, recognizing it ah a baby's cry, determining 
it is a hungry cry, and proceeding to fill that need. 

Bibliographic citation of this chapter: Dunn. W. (1977). Implementing neu- 
roscience principles to support habilitation and recovery. In C. Christiansen 

In hibition 
& C. Baum (Eds.), Occ.r~pu/iorlcll therulq: Ei iub l ing~i~ i rc t io i~ mci w / / - b r i n g  Inhibition is the hyperpolarization of neurons that makes 
(2nd ed.). Thorofare. NJ: SLACK Incorporated. it more difficult for the neurons to activate. Inhibition is the 



CNS's ability to decrease its responsiveness to specific stim- 
uli at any given moment. Although neuroscientists frequent- 
ly discuss descending inhibition (i.e., higher centers having 
an effect on lower centers), the CNS is rich with interneuron 
networks that can inhibit neighboring cells (i.e., lateral inhi- 
bition). Lateral inhibition helps make target stimuli stronger 
and clearer, which contributes to organization and integration 
of information for the CNS. 

Feedback and Feedforward Mechanisms 
Feedback is the CNS's ability to send information back 

to itself as a check and balance. This enables the person to 
judge whether actions already initiated need to be modified 
for the future. Nohack & Dernerest ( 198 I )  describe two gen- 
eral types of feedback: local feedback and reflected feed- 
back. Local feedback inhibition occurs when small interncu- 
rons within a neighboring circuit form connections that stop 
a stimulus that has been occurring in a large neuron. This 
mechanism helps keep activity froin continuing beyond its 
iiseful period. For example, a local feedback circuit can stop 
the ongoing firing of a niotor neuron by sending an inhibito- 
ry signal to the motor nerve, thus allowing a pcrson to relax 
the muscle and stop the movement. This inhibition, however, 
occurs only if the local circuit neuron information is stronger 
than other messages on that large motor neuron. Reflected 
feedback occurs when higher CNS centers send descending 
fibers to influence the sensory or niotor neurons. These high- 
er centers can send excitatory or inhibitory messages making 
it either easier or more difiicult to activate the neurons. 

Feedforward circuits exert influence in a forward direc- 
tion coinciding with the information flow of the neurons. 
This most frequently occurs in ascending sensory system 
pathways to either alert higher centers about incoming infor- 
mation or inhibit some areas in order to strengthen the focus 
of more important parts of the environmental stimuli. Feed- 
forward inhibition is critical for task performance, because 
people always are confronted with more stimuli than are 
needed to complete the task successfully. 

Intersensory Integration 
Intersensory integration is a critical feature of the CNS. 

Interneurons in the spinal cord participate in primitive inter- 
sensory integration, however the brain stem is a primary site 
for this activity. Nuclei in the brain stem receive input from 
several sensory sources, allowing organization and integra- 
tion of information at this level. For example, the vestibular 
nuclei receive input from the vestibular organ, the visual sys- 
tem and the proprioceptors. This intersensory integration 
supports the development of a multidimensional map of self 
and environment and a map of how self and environment 
interact appropriately. 

Plasticity 
Plasticity is the CNS's ability to adapt structurally or 

functionally in response to environmental demands. 
Previously, neuroscientists believed that plasticity was most 
evident during the prenatal stage and childhood; now 
researchers have found that there are various types of inter- 
nal and external environmental alterations that support or 
inhibit the manifestations of plasticity (Lund, 1978). When 
individuals participate in interventions that require more 
functional patterns of movement, they receive organized pat- 
terns of sensory feedback that may alter the internal environ- 
ment, creating opportunities for axon reorganization, altered 
synaptic activity, or dendritic branching, just as enriched 
environments support these actions during the developmental 
periods (Bach-y-Rita, 1980; Moore, 1980). Such findings 
challenge innovative rehabilitation practice. 

Compensatory Action of the CNS 
Parts of the CNS are interdependent (Moore, 1980). 

When damage occurs to one or more portions of the system, 
the interdependency relationships are disrupted; the resulting 
observable behaviors and performance are hypothesized to 
be compensating for the loss of information from one of its 
members. This compensatory model suggests that the CNS 
centers do not function on their own to initiate action, but 
work as part of a network in the CNS to enable a particular 
action. When data are not available to the system because of 
damage, the network is disrupted, making it difficult for a 
particular action to occur. Destructive behavior is the result 
of an incomplete and compensating CNS. 

Summary 
The principles of centrifugal control, balance of excita- 

tion and inhibition, plasticity, and compensatory action are 
basic and must be used to design interventions that support 
occupational performance. Interventions that conflict with 
these basic principles compromise the person by not 
enabling them to profit from the therapeutic experience. 

The olfactory (smell) and gustatory (taste) systems are 
primitive, chemically-based sensory systems signaling the 
CNS about odors and tastes. The somatosensory, propriocep- 
tive and vestibular systems enable an individual to develop 
an accurate map of self and how one interacts with the envi- 
ronment. Finally, the visual and auditory systems are respon- 
sible for mapping environmental variables so that interaction 
with the environment can he accurate and reliable. 



General Principles of Sensory System 
Operations 

Although each sensory system is unique, there are some 
basic similarities in the way all sensory systems develop and 
function: 
1 .  Input tnechrrnisms. Each sensory system is responsible 

for bringing information from the environment to the ner- 
vous system for processing. 

2 .  Processing levels. Each sensory system processes its own 
special brand of information at a variety of central ner- 
vous system levels including the receptor site, spinal 
cord, brain stem, thalamus (except for olfactory), and 
higher cortical centers. 

3 .  Mult idimensiot~ul itlfi,rn~trtiotr. The sensation from each 
sensory system is complex and multidimensional. 

4. Purposes , f i r  processiilg infortntrtiotr. Each sensory sys- 
tem processes information for two primary purposes: a )  
to identify stimuli in the environment, making the CNS 
aware of these stimuli, determining which require atten- 
tion and which are potentially harmful (i.e., arousal or 
alerting mechanisms) and b) gathering information to 
construct maps of self and environment to bc used by the 
CNS for organization and planning (i.e., discrimination 
or mapping). 
When the CNS is functioning normally, the arousallalert- 

ing and discriminationlmapping components complement 
each other to form a balance of power. This allows the indi- 
vidual to interact with the environment and gather infornia- 
tion for discrimination and mapping under most conditions, 
while always having the capability to notice potentially 
harmful stimuli. This balance of power is delicate and 
requires constant assessment of environmental stimuli so that 
all potentially important stimuli are noticed without interfer- 
ing with ongoing purposeful activity. 

The components of arousallattention and discriminalionl 
mapping will be discussed in each sensory system section. As 
a guide to understanding the sensory systems, Tables 8- 1 ,  
8-2. and 8-3 summarize key information that can be used thcr- 
apeutically. Table 8-1 lists the descriptors for each sensory 
system; the descriptors are divided into columns to corre- 
spond to the arousallalerting and discriminationlmapping 
functions that each descriptor tends to support. For example, 
light touch is an arousallalerting stimulus in the somntosenso- 
ry system, while touch pressure is a discrirninationlmapping 
stimulus. It also contains a brief definition of each descriptor, 
with a simple daily life example to aid in application. 

Table 8-2 uses the same descriptor words and organizing 
columns and provides a brief rationale for using each senso- 
ry descriptor in a therapeutic manner. Remembering that 
each type of sensation is important can be therapeutic when 
selected and applied appropriately. For example, light touch 

can be a therapeutic input if a provider needs to increase 
alertness in a person who is lethargic; the additional arousal1 
alerting input could establish a more optimal biobehavioral 
state for engaging in a functional task. In a later section we 
will consider ways to use these sensory stimuli in relation to 
the arousal and attentional mechanisms. 

Table 8-3 contains examples of observable behaviors 
which might indicate difficulties with sensory processing 
during daily life tasks. Information from this table could be 
used to construct a referral or observational checklist for 
interdisciplinary team members and assist team members 
(including family members) in learning how to consider the 
impact of sensory processing on performance. 

The Chemical Senses 
The gustatory system is responsible for our sense of taste. 

Early in evolution, the differentiation between the gustatory 
and olfactory systems was minor because primitive organ- 
isms lived in the sea. When they moved to land, these two 
systems differentiated to serve the organism in very different 
ways. The gustatory system became the final checking sys- 
tem for food that was to enter the body. whereas the olfacto- 
ry system became the chemical sense that could determine 
the location or direction of stimuli (e.g., food or predators) 
from a distance. The olfactory system became important for 
mapping the environment for survival (Coren, Porac, & 
Ward, 1984). From a neuroanatomical standpoint, senses of 
smell and taste travel by very different routes to inform the 
cerebral cortex about environmental events. 

The Gustatory System 
Taste is determined by an items' solubility. intensity, and 

amount. There is general agreement that taste can be labeled 
with language: sweet. salty, sour, and bitter (Coren, Porac, & 
Ward. 1984). Tastes are discriminated both by the types of 
molecules found and by the way they are broken down by the 
chemicals within the system. Taste buds are the receptor 
organs for the gustatory system. As many as 10,000 taste 
buds are available to young people; this amount decreases 
during the aging process. 

Gustatory information travels from the sensory receptors 
in the tongue to the brain stem where the information is 
relayed to the thalamus. The thalamus sends information to 
the cortical taste area in the sensory homunculus or the pari- 
etal lobe and enables us not only to have an accurate map of 
the tongue but also to allow conscious sensation of taste 
(Heimer, 1983). Because taste is part of the cranial nerve net- 
work. its functions are jeopardized by brain stem trauma. 
Additionally, gustatory information reaches both the hypo- 
thalamus and the cortical taste area in the inferior frontal 
gyrus. Degenerative neurological diseases that affect these 



areas have a corresponding effect on taste and subsequent 
food intake. The hypothalamus connections are important 
because of their believed contributions to feeding behaviors 
which drive the organism to ingest food (Bellingham, Wayne, 
& Barone, 1979). 

The characteristic taste patterns of the tongue have been 
mapped by many authors. Although the separation of func- 
tion is important from a neuroscience standpoint, from a 
functional standpoint the overall appeal of food is the major 
consideration. An individual's response to taste are very 
unique and seem to rely not only on experiential information 
but also on the genetic makeup of the individual. Some 
researchers have reported groups of people as being immune 
to tastes for certain substances. One of these substances is 
caffeine. Studies have shown that there are those who taste 
caffeine and those who do not (Blakeslee & Salmon, 1935; 
Coren, Porac. & Ward, 1984; Hall. Bartoshuk, Cain, & 
Stevens, 1975). From testing various substances, researchers 
hypothesize that there is a genetic mechanism that either 
allows or does not allow responsiveness to specific chemical 
changes that the substances produce. 

Because of the deterioration process with aging, elderly 
persons often complain about blandness of food. Halpern and 
Meiselman (1980) found that salting food is in part a per- 
son's attempt to reach that person's specific threshold for 
taste. Recovery from stimulation in the gustatory system 
occurs within 10 seconds after the stimulus. so a slower eat- 
ing process or a process of mixing bites of salty food with 
bites of unsalty food is likely to produce less continuous sea- 
soning of food during the meal. 

Olfactory Sense 
The olfactory system responds to odors in the environ- 

ment. The process of smell is a complicated one. beginning 
with the intake of substances by the olfactory epithelium in 
the top portion of the nasal cavity. The internal cells of the 
olfactory system project directly to portions of higher centers 
and bypass the thalamus, unlike a11 other sensory systems. 

The olfactory system is a very sensitive system, even more 
sensitive than its chemical counterpart, the gustatory system. 
However, unlike the taste system, researchers have been 
unable to discover basic categories of smell. The system is so 
complex and capable of responding to so many types of odors, 
that classification becomes extremely difficult. 

Humans tend to underrate the role and effects of the 
olfactory system on performance and functioning in daily 
life. With specific connections to the limbic system. the 
olfactory system has the potential to establish memories and 
associations of our roles as children and adults as well as 
memories of recent events. Because of the direct connections 
with arousal networks, the olfactory input also can increase 
our level of responsiveness quickly. Use of strong odors to 

arouse people in semi-comatose states points out the power- 
ful role of olfactory input. 

Clinicians must remain aware of the olfactory sensory 
system in the planning and provision of services. Because 
individuals emit specific odors, persons may recognize their 
therapist not only from visual, auditory, and somatosensory 
cues. but also from olfactory cues. This factor may contribute 
to disorientation and agitation when substitutions occur. 
Additionally, therapists must be very careful about the addi- 
tions of odors such as shampoos, perfumes. and laundry 
detergents. Although these factors go unnoticed by the nor- 
mally functioning nervous system, a vulnerable system may 
react in unpredictable ways. Therapists must consider all 
possibilities when unusual behaviors present themselves as 
observable behavior provides a window to CNS activity. 

Olfactory input is also important in the environments 
where persons are served. The sterile environment of the hos- 
pital provides a type of olfactory sensory deprivation 
(Moore, 1980). In the familiar home environment. the olfac- 
tory system can contribute to orientation by familiar odors. 

Persons who have difficulty with the olfactory system 
often begin to complain about the taste of foods. Even though 
the smell of food does not contribute directly to its taste, peo- 
ple seem to associate the smell of food with the taste. 
Because both taste and smell relate to individuals' food pref- 
erences, therapists should be curious regarding interpreta- 
tions of food conlplaints. 

Somatosensory System 
The somatosensory system responds to stimuli from the 

skin surface. The unique placement of these receptors senses 
where the body ends and where the world begins. The com- 
bined input from various somatosensory receptors form a 
multidimensional picture of skin stimulation. 

Receptive fields are the location on the surface of the skin 
that is innervated by one neuron; they contribute to niultidi- 
rnensional maps. Accurate somatosensory perception 
requires not only that the receptive fields function accunite- 
ly, but that they function in concert with each other. 
Receptive fields overlap a great deal on the head. hands, and 
arms (Figure 8-1 ), whereas they overlap very little on the 
back (Figure 8-2). This is functionally significant because 
human beings identify the exact location of the touch experi- 
ence on body surfaces that have overlapping receptive fields 
because the various neurons from several receptive fields that 
share that location report information to the brain simultane- 
ously, but can only identify the general area being touched on 
the hack. Multiple input from various sources enables the 
brain to narrow the possible locations until it can identify the 
one spot on the surface of the skin that is shared by all of the 
activated neurons. 



T A B L E  8 - 1  

Arousal/Alerting and Discrimination/Mapping Descriptors of the Sensory System 

Sensory System 

For all systems 

Somatosensory 

Vestibular 

Proprioception 

Visual 

ArousaYAlerting Descriptors* 

Unpredictable: The task is unfamiliar: the child 
cannot anticipate the sensory experiences that 
will occur in the task. 

Light touch: Gentle tapping on skin; tickling 
(e.g., loose clothing making contact with skin). 
Pain: Brisk pinching; contact with sharp objects; 
skin pressed in small surface (e.g., when skin is 
caught between chair arm and seat). 
Temperature: Hot or cold stimuli (e.g.. iced 
drinks, hot foods. cold hands, cold metal chairs). 
Variable: Changing characteristics during the 
task (e.g., putting clothing on requires a 
combination of tactile experiences). 
Short duration stimuli: Tapping, touching 
briefly (e.g., splashing water). 
Small body surface contact: Small body 
surfaces, as when using only fingertips to touch 
something. 

Predictable: Sensory pattern in the task is 
routine for the child, such as diaper changing- 
the child knows what is occurring and what will 
come next. 

Touch pressure: Firm contact on skin (e.g., 
hugging, patting, grasping). Occurs both when 
touching objects or persons, or when they touch 
you. 
Long duration stimuli: Holding, grasping 
(e.g., carrying a child in your arms). 
Large body surface contact: Large body 
surfaces include holding, hugging; also 
includes holding a cup with the entire 
palmar surface of hand. 

Head position change: The child's head orienta- 
tion is altered (e.g.. pulling the child up from lying 
on the back to sitting). 
Speed change: Movements change velocity (e.g.. 
the teacher stops to talk to another teacher when 

Linear head movement: Head moving in a 
straight line (e.g., bouncing up and down. going 
down the hall in a wheelchair). 
Repetitive head movement: 
Movements that repeat in a simple 

pushing the child to the bathroom in his wheelchair). sequence (e.g., rocking in a rocker). 
Direction change: Movements change planes. 
such as bending down to pick something up from 
the floor while carrying the child down the hall. 
Rotary head movement: Head moving in an arc 
(e.g., spinning In a circle, turning head side to side). 

Quick stretch: Movements that pull on the Sustained tension: Steady, constant action on 
muscles (e.g., briskly tapping on a muscle belly). the muscles pressing or holding on the muscle 

(e.g., using heavy objects during play). 
Shifting muscle tension: Activities that demand 
constant change in the muscles (e.g.. walking, 
lifting, and moving objects). 

High intensity: Visual stimulus is bright (e.g., Low intensity: Visual stimulus is subdued ( e g ,  
looking out the window on a bright day). finding objects in the dark closet). 
High contrast: A lot of difference between the High similarity: Small differences between 
visual stimulus and its surrounding environment visual stimulus and its surrounding environment 
(e.g., cranberry juice in a white cup). (e.g., oatmeal in a beige bowl). 
Variable: Changing characteristics during the Competitive: The background is interesting or 
task (e.g., a TV program is a variable visual busy (e.g., the junk drawer, a bulletin board). 
stimulus). 



T A B L E  8 - 1  ( c o n t i n u e d )  

Arousal/Alerting and Discrimination/Mapping Descriptors of the Sensory System 

Sensory System ArousallAlerting Descriptors* DiscriminationiMapping Descriptors** 

Auditory Variable: Changing characteristics during the Rhythmic: Sounds repeat in a simple sequen- 
task (e.g., a person's voice with intonation). celbeat (e.g., humming: singing nursery songs). 
High intensity: The auditory stimulus is loud Constant: The stimulus is always present (e.g., 
(e.g., siren, high volume radio). a fan noise). 

Competitive: The environment has a variety of 
recurring sounds (e.g., the classroom, a party). 
Noncompetitive: The environment is quiet ( e g ,  
the bedroom when all is ready for bedtime). 
Low intensity: The auditory stimulus is 
subdued (e.g., whispering). 

Olfactory1 Strong intensity: The tastelsmell has distinct Mild intensity: The tastelsmell has nondistinct 
gustatory qualities (e.g., spinach). or familiar qualities (e.g., cream of wheat). 

':Arousalialerting stirnuli tend to generate "noticing" behaviors. The individual's attention is at least momentarily drawn toward the stimulus (common- 
l y  disrupting ongoing behavior). These stirnuli enahle the nervous system to orient to stimuli that may require a protective re\ponse. In some situations, 
;In arou\ing stimulu., can become part of a functional behavior pattern ( e . ~  when the arousing somatosensory input from putting nn the shirt become\ 
predictable. a discrirninatinglmapping characteristic). 
*:Wiscri~ninatory/~napping stimuli are those that enable the individual to gather information that can be uscd to support and genemte functional beha\- 
iors. The information yields spatial and temporal qualities of body and environment (thc content of the maps), which can be used to create purpo\eful 
Inovement. These stimuli ;Ire more organizing for the nervous system. 

From Dunn, W. (1991 j. The senwrimotor systems: A framework for as\essrncnt and intervention. In E P. Orelovc & D. Sohsey (Eds.), Educ.utir~,y chi1 
tlrcw ~vith ~ii~rltiplr tli.srrhilitirs: A t,rr~~vrli.\cil~lirrr~ry crppronch (2nd ed. j. Baltimore, MD: Paul H. Brookes. Reprinted with permission. 

When the receptors send information to the central ner- 
vous system. the neurons travel into the spinal cord to ascend 
to higher centers. In certain ascending pathways of the 
somatosensory system, synapses occur immediately upon 
entrance to the spinal cord, while others travel to the brain 
stem before their first synapse occurs (Figure 8-3). 
Traditionally, the somatosensory pathways have been divid- 
ed into two systems: the posterior columns for touch-pres- 
sure and proprioception, and the lateral spinothalamic for 
light touch, pain, and temperature reception. Recent evidence 
suggests that a broader view of somatosensory processing is 
required to interpret clinical observations accurately. When 
studying brain systems, attempting to explain the very com- 
plex actions of the CNS in an oversimplified way is common. 
As research techniques and technology become more sophis- 
ticated, scientists and practitioners gain knowledge and 
achieve a better understanding of the complexity of the CNS. 

Heimer (1983) reports that the ascending sensory path- 
ways can be divided into three categories, each showing an 
important role to the understanding of performance. 
1 .  The first category is the nntprolnterd .sy.stet~. This is locat- 

ed in the anterior (front) and side portions of the spinal 
cord and appears to be responsible for processing pain and 

temperature information. This includes the spinothalamic 
tract, the spinoreticular and spinotectal tracts. Because 
they are very closely related anatomically, damage to one 
often involves damage to the others as well. 

The anterolateral pathways synapse at the spinal 
cord level that corresponds to the receptor input location, 
the second neuron crosses over to travel in the anterior or 
lateral aspect of the spinal cord to the thalamus, and then 
to the sensorimotor cortex. Collateral fibers synapse with 
the reticular cells in the brain stem en route to the thala- 
mus. The spinoreticular tract also synapses in the reticu- 
lar cells of the brain stem. Reticular connections are 
important when examining the characteristics of arousal. 
The second category includes pathways for touch-pres- 
sure, vibration, and proprioception. Although the dorsal 
columt~s have been seen classically as the pathways that 
carry out these functions. recent studies have shown that 
the dorsolateral jbsciculus (which lies just laterally to 
the dorsal columns and the posterior horn of the gray 
matter) also carries this information, especially from the 
lower extremities. Researchers have also shown weak 
processing of touch-pressure input via anterolateral 
pathways. 



T A B L E  8-2 

Reasons for Incorporating Various Sensory Qualities into Integrated Intervention Programs 

Sensory System ArousalIAlerting Descriptors DiscriminationIMapping Descriptors 

For all systems 

Somatosensory 

Vestibular 

Proprioception 

Unpredictable: To develop an increasing level 
of attention to keep the child interested in the 
taskhctivity (e.g., change the position of the 
objects on the child's lap tray during the task). 

Light touch: To increase alertness in a child 
who is lethargic (e.g.. pull cloth from child's 
face during peek-a-boo). 
Pain: To raise from unconsciousness: to 
determine ability to respond to noxious stimuli 
when unconscious (e.g., flick palm of hand or 
sole of foot briskly). 
Temperature: To establish awareness of stimuli: 
to maintain attentiveness to task (e.g., use hot 
foods for spoon eating and cold drink for sucking 
through a straw). 
Variable: To maintain attention to or interest in 
the task (e.g., place new texture on cup surface 
each day so child notices the cup). 
Short duration: To increase arousal for task 
performance (e.g.. tap child on chest before 
giving directions). 
Small body surface contact: To generate and 
focus attention on a particular body part 
(e.g., tap around lips with fingertips before 
eating task). 

Head position change: To increase arousal for 
an activity (e.g., position child prone over a wedge) 
Speed change: To maintain adequate alertness 
for functional task (e.g., vary pace while carrying 
the child to a new task). 
Direction change: To elevate level of alertness 
for a functional task (e.g., swing child back and 
forth in arms prior to positioning him or her at 
the table for a task). 
Rotary head movement: To increase arousal 
prior to functional task (e.g., pick child up from 
prone [on stomach] facing away to upright facing 
toward you to position for a new task). 

Quick stretch: To generate additional muscle 
tension to support functional tasks (e.g.. tap 
tnuscle belly of hypotonic muscle while 
providing physical guidance to grasp). 

Predictable: To establish the child's ability to 
anticipate a programming sequence or a salient 
cue; to decrease possibility to be distracted from 
a functional task sequence (e.g.. use the same 
routine for diaper changing every time). 

Touch pressure: To establish and maintain 
awareness of body parts and body position; to 
calm a child who has been overstimulated (e.g., 
provide a firm bear hug). 
Long duration: To enable the child to become 
familiar. comfortable with the stimulus: to incor- 
porate stimulus into functional skill (e.g.. grasp- 
ing the container to pick it up and pour out 
contents). 
Large body surface contact: To establish and 
maintain awareness of body parts and body posi- 
tion; to calm a child who has been overstimulat- 
ed (e.g., wrap child tightly in a blanket). 

Linear head movement: To support establish- 
ment of body awarenecs in space (e.g., carry 
chlld around the room in fixed position to 
explore its features). 
Repetitive head movement: To provide pre- 
dictable and organizing information; to calm 
a child who has been overstimulated (e.g., rock 
the child). 

Sustained tension: To enable the muscle to 
relax, elongate, so body part can be in more 
optimal position for function (e.g., press firmly 
across muscle belly while guiding a reaching 
pattern; add weight to objects being manipulated). 

Shifting muscle tension: To establish fun- 
ctional movements that contain stability and 
mobility (e.g., prop and reach for a top; reach, 
fill, and lift spoon to mouth). 



T A B L E  8-2 ( C O N T I N L I E D )  

Reasons for Incorporating Various Sensory Qualities into Integrated Intervention Programs 

Sensory System ArousallAlerting Descriptors DiscriminationIMapping Descriptors 

Visual 

Auditory 

Olfactory1 
gustatory 

High intensity: To increase opportunity to 
notice object; to generate arousal for task (e.g., 
cover blocks with foil for manipulation task). 
High contrast: To enhance possibility of 
locating the object and maintaining attention to 
i t  (e.g., place raisins on a piece of typing paper 
for prehension activity). 
Variable: To maintain attention to or interest in 
the task (e.g., play rolling catch with a clear 
ball that has moveable pieces inside). 

Variable: To maintain attention to or intere\t in  
the task (e.g., play radio station after act~vating a 
switch). 
High intensity: To stimulate noticing the person 
or object; to create proper alerting for task 

performance (e.g., ring a bell to encourage the 
child to locate the stimulu\). 

Strong intensity: To stimulate arousal for task 
(e.g., child smells spaghetti sauce at lunch). 

Low intensity: To :~llow the visual stimulus to 
blend with other salient features; to generate 
searching behaviors. since characteristics are 
less obvious (e.g., kind own cubby hole in back 
of the room). 
High similarity: To establish more discerning 
abilities; to develop skills for naturally occurring 
tasks (e.g., scoop apple sauce from beige plate). 
Competitive: To facilitate searching; to increase 
tolerance for natural life circumstances (e.g., 
obtain correct tools from equipment bin). 

Rhythmic: To provide predictable and organiz- 
ing information for environmental orientation 
(e.g., sing a nursery rhyme while physically 
guiding motions). 
Constant: To provide a foundational sti~nulus 
for environmental orientation; especially impor- 
tant when other sensory systems (e.g., vision, 
vestibular) do not provide orientation (e.g.. child 
recognizes own classroom by fan noise and 
calms down). 
Competitive: To facilitate differentiation of 
salient stimuli; to increase tolerance for natural 
life circumstances (e.g., after child learns to look 
when his or her name is called. conduct activity 
within busy classroom). 
Noncompetitive: To facilitate focused attention 
for acquiring a new and difficult skill; to calm u 
child who has been overstimulated (e.g., move 
child to quiet room to establish vocalizations). 
Low intensity: To allow the auditory stimulus to 
blend with other salient features; to generate 
searching behaviors since stimulus is less 
obvious (e.g., give child a direction in a 
normal volume). 

Mild intensity: To facilitate exploratory behav- 
iors; to stimulate naturally occurring activities 
(e.g., smell of lunch food is less distinct, so 
child is encouraged to notice texture, color). 

From Dunn, W. (1991 ). The sensorimotor systems A framework lor assessment and intervention. In F. P. Orelove & D. Sobsey (Eds.), Educnting ch i / -  
dwrr ~ ' i t / i  I ~ I I I I I ~ ~ I L '  d i . s d ~ i l i t i e ~ :  A trut~.sdi.~(~i/~li~~~~r~ (11)l>ro(r(.h (2nd ed.). Baltimore, MD: Paul H. Brookes. Reprinted with permission. 



T A B L E  8 - 3  

Examples of Observable Behaviors That Indicate Difficulty With Sensory 
Processing During Daily Life Tasks 

Personal 
Hygiene Dressing Eating Homemaking SchooWork 

Somatosensory 

Proprioception 

Vestibular 

Visual 

withdraws from 
splashing water 

pushes wash- 
clothltowel away 

cries when hair is 
washed & dried 

makes face when 
toothpaste gets on 
lips, tongue 

tenses when bot- 
tom ia wiped after 
toileting 

can't lift objects 
that are heavier 
such as a new bar 
of soap 

can't change 
head position to 

use sink & mirror 
in same task 

becomes disori- 
ented when bend- 
ing over the sink 

falls when trying 
to participate in 
washing lower 
extremities 

can't find utensil5 
on the sink 

has difticulty in 
spotting desired 
item in drawer 

misses when 
applying paste to 
toothbrush 

tolerates a narrow 
range of clothing 
Items 

prefcr  tight 
clothing 

more irritable 
with loose-textured 
clothing 

cries during 
dressing 

pulls at hats, head 
gear, accessories 

can't s~lpport 
heavier items, e.g.. 
belt with buckle, 
shoes 

fatigues prior to 
task conlpletion 

misses when 
placing am1 or leg 
in clothing 

gets overly excit- 
edldistracted after 
bending down to 
nsaist in putting on 

socks 
cries when 

rnoved around a lot 
during dressing 

can't find buttona 
on patterned or 
solid clothing 

overlooks desired 
shirt in closet or 
drawer 

misses armhole 
when donning shirt 

only tolerates 
food at onc tem- 
perature 

gags with tex- 
tured food or uten- 
sils in mouth 

winces when face 
is wiped 

hand extends & 
avoids objects & 
surfilces (finger 
food. utensils) 

uses external sup- 
port to eat (e.g.. 
propping) 

tires before com- 
pleting meal 

can't provide 
force to cut meat 

tires before c o n -  
pleting foods that 
need to be chewed 

holds head stiffly 
in one position 
during me. .I I time ' 

gets distracted 
from ~ncal  after 
several head poai- 
tion changes 

misses utensils 
on the table 

has trouble get- 
ting fooda onto 
spoon when they 
are a similar color 
to the plate 

avoids participa- 
tion in tasks that 
are wet, dirty 

seeks to remove 
batter that falls on 
ilrnls 

drops equipment 
(e.g., broom) 

uses external sup- 
port such as lean- 
ing on counter to 
stir butter 

has difficulty in 
pouring a glaas of 
milk 

avoids learning to 
obtain cooking 
utensil 

becomes overly 
ewitcd after mov- 
ing around the 
room to dust 

can't locate cor- 
rect canned item in 
the pantry 

has difficulty 
finding cooking 
utensils in the 
drawer 

cries when tape 
or glue gets on skin 

overreacts to 
pats, hugs; avoids 
these actions 

only tolerates one 
pencil, one type of 
paper, only wood- 
en objects 

hands extend 
when attempting 
to type 

drops books 
becomes uncon- 

fortable in a partic- 
ular position 

hooks limbs on 
furniture to obtain 
support 

moves arm, hand 
in repetitive pat- 
terns (self-stiniula- 

tory) 

avoida turning 
head to look at 
persons; to find 
source of a sound 

al'tcr being trans- 
ported in a wheel- 
chair, more diffi- 
cult to get on task 

moves head in 
repetitive pattern 
(self-stimulatory) 

can't keep place 
on the page 

can't locate 
desired item on 
comnluniciltion 
board 

attends excessive- 
ly to bright or 
flashing objects 

Play 

selects a narrow 
range of toys, tex- 
tures similar 

can't hold onto 
toyslobjecta 

rubs toys on face. 
arms 

mouths objects 

unable to sustain 
rnovernents during 
play 

tries bet'orc game 
is complete 

drops heavy parta 
ot' 3 toylgame 

avoids play that 
includes movement 

becomes overly 
excited or anxious 
when moving dur- 
ing play 

rocks excessively 
craves movement 

activities 

has trouble with 
matching, sorting 
activities 

has trouble locat- 
ing desired toy on 
cluttered shelf 



T A B L E  8 - 3  ( C O N T I N U E D )  

Examples of Observable Behaviors That Indicate Difficulty With Sensory 
Processing During Daily Life Tasks 

Personal 
Hygiene Dressing Eating Homemaking SchoolIWork Play 

Auditory cries when hair is distracted by is distracted by 
dryer is turned on clothing that noise of utensils 

becomes upset makes noise (e.g., against each other 
by running water crisp cloth, acces- (e.g., spoon in 

jerka when toilet wries) bowl, knife on 
flushes plate) 

can't keep eating 
when someone 
talks 

is distracted by is distracted by . play is disrupted 
vacuum cleaner squeaky wheel- by sounds 
swnd chair makes sounds 

is distracted by is intolerant of constantly 
T V  or radio during noise others make 
tasks in the room 

overreacts to 
door closing 

notices toilet 
flushing down the 
hall 

Olfactory1 gags at taste of overreacts to tolerates a nar- hecome\ upset overreacts to tastes or smells 
gustatory loothpaste clothing when it row range of foods when house is new person (new all objects before 

jerks away at has been washed becomes upset being cleaned smells) playing 
smell of soap in a new detergent when cerlain hot (odors of intolerant of 

foods are cooking cleansers) scratch-n-sniff 
stickers 

smells every- 

thing 

From Dunn, W. (1991 ). The sensorimotor systems: A framework for assessment and intrrwnt~on. In F. P. Orelovc & D. Strhsey (Eds.). E t I~ l (~ l t i~~f i  dlil- 
drerl \r.ith rn~~ltiple tli.sohi1itir.s: A trtr~~.stlisc.il~li~r~~ry ~ I / J / J ~ O U C ~  (2nd ed.). Baltimore. MD: Pi1111 H Bruokes. Reprinted with permission. 

The dorsal column fibers take a somewhat different route 
to the thalamus and cortex. The neuron at the receptor site 
travels into the spinal cord and directly up through the pos- 
terior columns to the medulla (the lowest portion of the 
brain stem). At this point, a synapse occurs and the new 
fibers cross to the other side of the brain stem and travel to 
specific parts of the thalamus (ventrobasal complex of 
thalamus). This set of neurons synapses in the thalamus 
and then the next neutron carries information on to the sen- 
sorimotor cortex. specifically the postcentral gyms of the 
parietal lobe. The postcentral gyrus contains the map of an 
individual's body from a sensory point of view. It is fre- 
quently referred to as the sensory homunculus. 
The fibers that travel in the dorsolateral fasciculus 
synapse at the cervical level and the spinal cord. The new 
neuron crosses to the other side of the spinal cord and 
travels with the spinothalamic tract to the thalamus and 
on to the cortex. The source of some of the earlier confu- 
sion about the function of the ascending pathways is due 
to the mixed anatomical and functional relationship of 
the dorsolateral fasciculus with the dorsal columns and 
the anterolaternl system. 

3. The third functional category reported by Heimer (1983) 
includes the unconscious prol,rioc~ptive pathways. The 
spinocerebellar tracts serve the very specific function of 
providing the cerebellum with direct accurate sensory 
information before it is processed at higher levels of the 
brain. These pathways travel directly from the receptor 
side through the spinal cord and into the cerebellum. 
Pathways such as these allow the cerebellum to orches- 
trate motor activity through access to the sensation that 
stimulates a response. The higher motor centers also send 
processed information to the cerebellum, and so a com- 
parison takes place between the original stimulus and this 
processed information in order to plan the motor event 
correctly. One can experience the action of the uncon- 
scious proprioceptive pathways when attempting to cor- 
rect one's own movements. The cerebellum compares the 
plan and the sensation to determine whether an alteration 
must occur. It is this process that allows one to avoid 
knocking a glass over by picking it up correctly. 
Acknowledging the functional significance of the anatom- 

ical relationships among these pathways is important. Some 
somatosensory sensations are ipsilateral to the pathways that 



TO CORTEX 

t t .T  
Receptive field 1 2 1 1  

Neuron I I I 1  
Neuron 3 I 

Receptive field 3 

Receptive held 2 Neuron 2 

Figure 8-1. Three overlapping receptor fields send information 

to the cortex. This shored information helps localize the touch 
sensation. 

TO CORTEX 

Receptive held I Neuron I 

Receptive held 2 Neuron 2 I 
Receptive held 3 Neuron 3 

Figure 8-2. Three receptive fields thot do not overlap. Separate 

pieces of information make it difficult to determine exactly where 
the touch occurred. 

carry the input while others are contralateral to their corre- 
sponding pathways in the spinal cord. When there is damage 
in the spinal cord, pain and temperature loss is contralateral to 
the lesion while touch-pressure loss is ipsilateral to the lesion 
site. However, once nerve fibers reach the brain stem level all 
the sensory losses being contralateral to the lesion site. 

Vestibular System 

Structure and Function 
The vestibular system makes a unique contribution to the 

multidimensional maps that enable individuals to interact 
with the environment effectively. The other sensory systems 
primarily provide information about self or environment. By 
providing constant and ongoing information about how the 
body interacts in the environment (i.c., person-environment 
fit); the vestibular system enables the individual to remain 
oriented in space and time. 

In the jinul unalysis, one ma? have rc ~ ~ 1 1 - d e l ~ l -  
o p d  S C ~ J O I ~ .  nzcp o f  rlre external world untl o cvell- 

Figure 8-3. Schematic diagram of the somatosensory pathways. 

tlevelopc~d motor rnup ofinoi1ement flom one yluce to 
trnothrr; but jf'one does not know where t h q  are with 
rtJ.~pt2(.t to thut nwp, thty ure virtuully incqablc  of' 
~tsing thut spu/i(~I mapping infhrmution. And the 
vestibuklr system uppours to he thc system that givrs 
iilfi7rmuti017 uhout the indiv idud '~  locution in the 
ovrrt~ll .rputitd mup (Cool, 1987, p. 3). 

The vestibular organ is comprised of five components: 
three semicircular canals and two chambers. Collectively, 
they respond to type, direction, angle, and speed of move- 
ment, and head position. Information from these receptor 
sites combines within the CNS to determine the exact orien- 
tation of the head. Receptors in the three semicircular canals 
are most sensitive to angular movements. whereas the recep- 
tors of the chambers are responsible for linear movement 
(Heirner, 1983; Kornhuber, 1974; Goldberg & Fernandez, 



1984). Gravity provides a major source of information for the 
vestibular receptors. 

Three setnicircular c~mnuls are located in each inner ear. 
The three semicircular canals are oriented at right angles to 
each other just like the three surfaces that meet in the corner 
of a room. If one would place one semicircular canal on each 
wall and the floor of the corner this would provide a good 
visual image of how the semicircular canals are related to 
each other anatomically. The structure of both sets of semi- 
circular canaIs allows the brain to determine all head posi- 
tions and movements. Corresponding canals on the right and 
left side respond in a complementary way so that the brain 
can determine which direction the head is moving. When the 
head moves in one direction, the canals on one side will pro- 
duce an excitatory response while the corresponding canal on 
the other side will be inhibited. This causes a differential 
effect in central connections between the two sides and 
allows the brain to interpret the direction of head movement. 

To fire the vestibular nerve, there must be a change in 
head position. rate (acceleration or deceleration), or direction 
in which the head is moving. When a person is engaged in a 
continuous angular movement (such as spinning at a constant 
speed and direction), the vestibular nerve does not tire. The 
two chambers are called the utriclr and the succule. The 
chambers respond to linear movement, especially along and 
against the force of gravity. Jumping up and down, running. 
and riding a wheeled toy or in a car provide linear stimulation. 

Direct input from the vestibular organ travels to the 
vestibular nuclei (at the pontomedullary junction of the brain 
stem) and to a specialized portion of the cerebellum dedicat- 
ed to vestibular processing (the flocculonodular lobe). The 
vestibulocerebellar connections are critical for postural con- 
trol. Both the vestibular nuclei and cerebellum receive 
vestibular, proprioceptive, somatosensory. and visual input. 
This multisensory information is organized to produce basic 
background movements necessary for postural control. 

Postural Control Network 
The postural control network is comprised of three prima- 

ry descending motor pathways that work together to create 
background movements, enabling an individual to engage in 
other activities. The ltrrercrl ~~~stibulospinul truct is the largest 
of the tracts; i t  facilitates the extensor muscles, especially in 
the upper trunk and neck (Heimer, 1983; Noback & 
Demarest, 198 1 ). The medid ~~e~stibulospinul truct is a small 
tract that facilities flexor tone while inhibiting extensor tone. 
The third pathway establishes the balance of power within the 
system: the reticulospinal tract, provides additional support 
for excitation of flexion and inhibition of extension. These 
pathways work together to modulate body posture (Figure 8- 
4). The vestibulocerebellar connections are well-documented 
pathways which also have an important role in the mainte- 

Crdn~al nerve\ 
I11 IV, VI 
w v e  eye rnu\cle\ 

Laaral ve\libulospinal rracl Ikld 

Figure 8-4. Postural control network 

nance of posture and orientation. As stated above, the cere- 
bellar connections with the vestibular nuclei provide the 
inhibitory control necessary for maintenance of posture. 

Postural control is a basic. primary functional behavior. 
Even in controlled studies where the vestibular organ has 
been removed, there is a serious initial change in postural sta- 
bility but within a short period of time compensatory action 
reinstates some of the functions that have been lost (Darian- 
Smith, 1984). It is believed that other reflexive and sensory 
systems which contribute to postural control as well take 
over the orientation functions. Dependence on visual and 
proprioceptive input seems to occur when vestibular input is 
no longer available. The interrelationships among the senso- 
ry systems form the core of the multidimensional maps that 
allow appropriate interaction of self in the environment. As 
Jongkees (1 974) states: 



The vestrhrdar organ is only one o f  the organs 
that infiwm us ahorrt our- position in spuce. It cooper- 
ates with visual und kinesthetic sen.\utions frorn rnus- 
cles, joints, etc. As long as the infi)rinution from these 
vrrrious sources is the .same, we are well-infbrmed 
about our position and our movernent.v cuzd el3ery 
thing is balanced. &it as soon as thev do not agrer 
our hnlance i s  lost and we are .sub/e~.t to the fright- 
ening s ~ n s ~ ~ t i o n  oj'hal~ing lost contc~ct with the world 
urourzd us (17. 114). 

The vestibular system acts as the silent partner during 
task performance, actively contributing postural control 
while the person's attention is focused on something else 
(Kornhuber, 1974). When an individual is carrying out a task, 
attention must be focused intently on the cognitive and per- 
ceptual components of that task. As other systems are pro- 
viding information to the brain about the task, the vestibular 
system must automatically maintain the body's dynamic ori- 
entation in space to support task performance. If one were to 
have attention directed away from cognitive tasks every time 
vestibular stimulation were provided. human beings would 
be unable to engage in purposeful activity. deQuiros and 
Schrager (1978) use the term corporal potentitrlity to 
describe the ability to screen out vestibular and postural 
information at conscious levels in order to enable the cortex 
to engage in higher cognitive tasks. When individu, ‘1 1 s must 
expend a lot of energy processing vestibular information for 
postural control, cognitive processing may be disrupted. 

Vestibulo-ocular Pathways 
The vestibulo-ocular pathways enable the individual to 

coordinate head and eye movements. The medial longitudinal 
fasciculus (MLF) travels within the brain stem connecting the 
vestibular nuclei with the cranial nerve nuclei that serve the 
eye muscles (specifically cranial nerves 111, IV. and VI. the 
oculomotor, trochlear, and abducens nerves, respectively). 
This ability to distinguish the source of the movement is nec- 
essary to maintain orientation in space. When there is a con- 
flict between expected and obtained sensory information from 
eyes. eye muscles, and/or vestibular organ, connections with 
the autonomic nervous system generate a reaction (e.g., nau- 
sea, sweating): these reactions are usually classified as 
"motion sickness." Kornhuber ( I  974) related motion sickness 
to limbic system functions; i t  establishes the relationships 
among patterns of stimuli and particular autonon~ic reactions. 
The individual's control of motion and spatial orientation is 
threatened when the various sensory inputs simultaneously 
demand mutually incompatible postural adjustments. 

Connections and Higher Cortical Connections 
Physiological studies have demonstrated that certain 

brain centers produce short latency (quick) responses after 
vestibular stimulation. For example, through the collaterd 
connections with the reticular cells, it is thought that vestibu- 
lar information reaches higher centers of the brain for arousal 
and alerting responses. Reticular cells connect with the lim- 
bic system and would thus be associated with emotional feel- 
ings related to the movement experience. 

Some evidence shows connections to the thalamus which 
is the major integrating structure for the cortex. Simple ani- 
mal experiments show that various portions of the thalamus 
may respond to vestibular stimulation including the ventral 
posterior-inferior nucleus (a sensory relay area) of the thala- 
mus, the ventral lateral nucleus (although its primary role is 
motor relay) and the medical geniculate body (an auditory 
relay area) (Abraham, Copack & Gilman, 1977; Buttner & 
Henn, 1976; Deecke, Schwartz, & Fredrickson, 1974; 
Liedgren & Rubin, 1976; Magnin & Fuchs, 1977; Wepsic, 
1966). Several authors have postulated that collateral 
vestibular fibers enter the lateral geniculate body (a visual 
relay area) to signal the visual system to prepare for potential 
head movement, so that visual images can coincide with head 
and eye movement and the individual can maintain orienta- 
tion in space and time (Kornhuber, 1974). None of these 
authors cite specific locations as solely vestibular relays, but 
conclude that vestibular information is integrated with other 
types of information at the brain stem and higher levels 
(Darian-Smith, 1984). This hypothesized pervasive influence 
is compatible with clinical observations of disorientation 
when a child or adult has vestibular dysfunction. 

Connections to cortical regions are also being studied 
(Darian-Smith, 1984). Two regions in the parietal lobe have 
been sited as the most likely locations for vestibular process- 
ing: the inferior temporal lobe and a portion of the primary 
sensory areas of the parietal lobe. Darian-Smith (1984) 
hypothesizes that the first region is related to one's percep- 
tion of the body in space, while the second area seems to 
relate vestibular input to the motor output that is generated 
by the molor cortex. 

Muscular Afferents (Proprioception) 
Muscular afferents, usually discussed as part of the motor 

system. are receptors housed within the muscle belly, ten- 
dons, and joints to provide ongoing information to the CNS 
about the integrity of the muscle. Most people are familiar 
with these receptors as the rnliscle spiwdles and Golgi tendon 
organ (GTO). These receptors provide an excellent example 
of the intimate relationship between sensory and motor func- 
tioning within the neuromusculoskeletal system. 

The muscle spindle is a small muscle fiber surrounded by 
connective tissue that is housed within the fleshy part of the 
muscle belly. These encapsulated fibers are dispersed 



throughout the muscle belly so that they may respond to any 
changes in muscle integrity. The muscle spindles are respon- 
sive to the length and changes in length of the muscle. 

The muscle spindles contribute to a function called auto- 
genic jucilitrkm, which is the ability to stimulate one's own 
muscle to contract. For example, when the muscle belly is 
stretched, the muscle spindle fibers are also stretched and 
send an impulse into the spinal cord. The spinal cord 
interneurons and the motor neurons can then tire to facilitate 
contraction of the actual muscle belly fibers themselves. 
When the muscle belly contracts. the spindle is no longer 
stretched and the action can stop (Crutchfield & Barnes, 
1984). The muscle spindle may play an important role in ini- 
tial learning or relearning of motor movements by supporting 
the tension of those muscles as the individual experiments 
with the movements (Crutchfield & Barnes, 1984). 

Although spinal cord action is the focus when studying the 
muscle afferents, this information is also traveling to the cor- 
tex via ascending sensory pathways and interacting with 
descending motor influences. When the descending influences 
are altered because of trauma or disease, the balance of power 
is upset at the spinal cord level leading to a release phenome- 
non. The inhibitory control from higher centers is lost, "releas- 
ing" the muscle spindle from this modulating influence. When 
the muscle spindle acts continuously without inhibitory mod- 
ulation. autogenic facilitation predominates the muscle action, 
producing spasticity (Crutchfield & Barnes, 1984). 

The Golgi tendon organ is located within the tendons at 
the end of each muscle belly. The GTO is interwoven within 
this collagenous fiber so that when changes in tendon tension 
occur, the GTO can notice and respond to these changes. 
This can occur both when muscle contraction pulls on the 
nonelastic tendon or during the extreme ranges of passive 
stretching. The GTO functions through a process known as 
autogenic irzlzibirion. Autogenic inhibition is the process of 
inhibiting the inuscle which generated the stimulus while 
providing an excitatory impulse to the antagonist muscle. 
This process prevents the individual from overusing or dam- 
aging the muscle and the corresponding joints. 

Through this mechanism, the GTO seems to contribute to 
cramp relief. During muscle cramping, the muscle is short- 
ened and contains a high degree of tension. When the indi- 
vidual stretches the cramped muscle, the tendon stretches, 
firing the GTO. When the GTO impulse reaches the spinal 
cord. an inhibitory impulse is produced (autogenic inhibi- 
tion) allowing the muscle with the cramp to relax 
(Crutchfield & Barnes, 1984). 

Because the GTO inhibits its own muscle and excites the 
antagonist, the two sets of GTOs in complementary muscles 
maintain a balance of power across joints. The stability that is 
produced across a joint by complementary muscle action is 
called co-contraction. Weight-bearing positions rely on co-con- 

traction, as do goal-directed movements which are supported 
by a stable joint or body area. Stability can be provided both 
proximally and distally. Movement of extremities is supported 
by trunk stability (e.g., reaching for a glass on the counter), 
while movement in the trunk can be supported through stabili- 
ty in the extremities (e.g., when an individual stabilizes with 
arms and hands to move the trunk to perform a handstand). 

By understanding the concepts of autogenic facilitation 
of the muscle spindle and autogenic inhibition of the GTO, 
the therapist can better control the sensory and motor envi- 
ronment when planning intervention. For example, a quick 
stretch activates muscle spindles (changes in muscle length) 
engaging autogenic facilitation of the stretched muscle, 
whereas a maintained stretch past the tension state of the 
muscle is more likely to fire the GTO-producing autogenic 
inhibition. relaxing the muscle being stretched. 

The Visual System 
The visual system is one of the most advanced sensory 

systems in the human organism. Although cell clusters form 
early in fetal life, this system becomes most functional in the 
postnatal period. Vision is the most prominent sensation; 
there are more fibers in the optic nerve than in a11 the senso- 
ry tracts in the entire length of the spinal cord (Kandel & 
Schwartz, 1985). Because of its anatomical organization 
from the front to the back of the cortex, it also provides an 
excellent vehicle for localization of CNS problems. 

Retina 
The retina is the receptor mechanism of the visual sys- 

tem. The retinal cells have been studied extensively because 
they are an extension of the CNS. When the CNS environ- 
ment has been altered in a way that might affect the nerve 
cells or supporting structures, these changes can be observed 
in the retina. The retinal cells operate to maximize the recep- 
tion of both light and color. Additionally, the complex 
interneuron network is set up to facilitate the transmission of 
the clearest visual image through lateral inhibition of neigh- 
boring cells. Specific retinal cells activate a specific optic 
nerve cell; this pattern of organization continues to the occip- 
ital lobe. This topographic or retinotopic organization allows 
the cortex to construct an accurate and reliable map of the 
visual environment. 

Visual Pathways 
The pathways for visual input travel from the front of the 

cortex (behind the eyeball) to the back (occipital lobe); the 
other sensory systems ascend from the receptor site to the cor- 
tex. This makes the visual system quite vulnerable to all types 
of cortical damage, but also provides a consistent source of 
diagnostic data for localizing the injury site. As with other 
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Figure 8-5. Schematic diagram of primary visual pathways. 



sensory systems the visual system has two subsystems that 
enable both alerting and mapping to take place efficiently. 
Figure 8-5 provides a diagram of the visual pathways. 

The first visual system is referred to as the geniculocal- 
carine or geniculostriate system (Noback & Demarest, 
1981). The nerve cells exit the eyeball, having obtained input 
from the retina and course backward toward the occipital 
lobe. The first segment, the optic nerve, covers the region 
from the eyeball to the converging point for all the optic 
nerve cells, called the optic chinsm. Complete severing of the 
optic nerve results in total blindness of the eye served. At the 
optic chiasm, central vision is carried through nerve cells that 
do not cross. These cells remain in the lateral aspects of the 
convergence point. Peripheral vision is carried through nerve 
cells that cross over at the optic chiasm, therefore if the 
crossed fibers are damaged, the individual loses peripheral 
vision; this is commonly known as tunnel vision. 

After passing through the optic chiasm region, the fiber 
pathway is known as the optic tract; these fibers travel to the 
lateral geniculate body (a nucleus of the thalamus). The optic 
tract carries all information from the contralateral visual 
field. Just after exiting the lateral geniculate body, the fibers 
travel forward and out before coursing backward; this curved 
portion of the optic radiations is called Meyer's loop. This 
curve is necessary so that the fibers can travel around the lat- 
eral ventricles. This new bundle of fibers is called the optic 
radiations. As with the optic tract, the optic radiations carry 
information about the contralateral visual field. The optic 
radiations travel back to the occipital lobe, specifically, the 
calcarine sulcus (area 17), hence the name geniculocalcarine 
pathways. 

The geniculocalcarine system seems to provide answers 
to the question "What is it?'by gathering information about 
the characteristics of the objects in the environment. The 
maps that are formed in the primary and association visual 
areas allow the individual to determine the identity and func- 
tion of objects. 

The second visual system is called the tectal system. The 
tectal system seems to answer the question "Where is it?" by 
identifying presence and location of stimuli (i.e., orienting) 
for the individual. The fibers that serve this function pass 
through the optic nerve, chiasm and tract, but synapse in the 
tectal region of the midbrain (Schiller, 1984). (Remember 
that the midbrain is the highest portion of the brain stem and 
the tectum is made up of the superior and inferior colliculi.) 
Although the superior colliculus is considered a primary 
relay station for visual input through tectal system connec- 
tions, it is also a relay station for somatosensory and audito- 
ry input (Kandel & Schwartz, 1985), allowing a coordination 
of these inputs for proper orientation to the arousing stimu- 
lus. An individual with cortical brain damage may alert to 
visual stimuli because the tectum is operating at the brain 

stem level, but will be unable to follow through with a goal- 
directed behavior related to the stimulus because the path- 
ways that lead to the cortex are disrupted. 

Visual System Functions and Therapeutic 
Interventions 
The visual system is designed to recognize contrasts 

(Kandel & Schwartz, 1985). When the visual environment is 
diffuse or homogeneous, the cells of the visual system have 
difficulty responding. They search for the highest contrast 
possible, attempting to make this area distinct. The eyes con- 
tinuously change position with very tiny movements to acti- 
vate new retinal cells. In this way, the brain gets ongoing 
information about the object and can keep the image clear. 
Busy visual environments can be difficult for the visual sys- 
tem to handle. With too many competing images, the visual 
system cannot isolate significant high-contrast locations to 
generate the nerve impulses. For example, think of how dif- 
ficult it is to find something in the "junk drawer" in the 
kitchen. This is because there are many overlapping objec- 
tives of varying shapes, sizes and colors; the competition is 
so great that clarity is frequently lost. 

Altering the sensory environment to increase the chances 
for success in task performance enables the individual to 
actively engage the environment. This in turn increases accu- 
rate and reliable sensory feedback that can be stored and used 
for future tasks. Therapists can improve orientation in a visu- 
ally disoriented individual by providing a high-contrast visu- 
al environment. For example, one could place a dark cloth or 
board on the countertop to help distinguish light-colored 
food items when preparing food. Contrast between the bed 
covering and the nightstand in the bedroom would facilitate 
getting on the bed. Therapists can advise clients of ways to 
minimize problems with visual competition by organizing 
cabinets, shelves, and drawers into sections for predeter- 
mined items or placing tool outlines (shadows on walls or 
racks to show which utensils or tools belong in each loca- 
tion). This not only provides a high contrast foreground- 
background for the items, but also minimizes stacking or 
cluttering of objects on top of each other. 

The most common visual field defects that therapists 
encounter are tunnel vision (loss of peripheral vision) and 
homonymous hetnianopia (loss of one side of the visual 
field). Figure 8-6 demonstrates where these problems occur in 
the pathways. Because visual field loss is often permanent, it 
can have a significant impact on task performance. Consider 
the risks that are present when peripheral vision is not avail- 
able to an individual. Many stimuli to which people attend are 
first noticed in the peripheral field, and much of one's body 
orientation relies on peripheral field input. Therapeutic inter- 
vention must incorporate patterns of movement that compen- 
sate for the loss of peripheral vision. For example, one can set 
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up activities that require the individual to move the head from 
side to side, minimizing the effects of peripheral loss, and 
facilitating routine use of head movement to obtain visual 
input from a wider area (e.g., placing important stimuli to the 
side). Automatic use of head turning and body repositioning 
will contribute greatly to independence. 

Homonymous hemianopsia is the loss of one side of the 
visual field. This can impair a person's independence 
because the individual can miss important cues from nearly 
half of the visual environment. Individuals with a homony- 
mous hemianopsia frequently complain that objects are miss- 
ing, when in fact they may be present but outside of the 
remaining visual field. Therapeutic intervention for these 
individuals must incorporate new head positioning to maxi- 
mize use of intact visual fields and minimize the effects of 
the lost visual field. This can be achieved by turning the head 
toward the lost visual field which places the retained visual 
field in front of the individual and moves the lost field over 
the shoulder. This new position facilitates more awareness of 
the immediate visual environment., The therapist must 
design methods that make this postural change an automatic 

one. For example, one can place items that are most impor- 
tant to the individual in the lost visual field to increase head 
turning to look for them, or play a card game and place the 
deck in a position to facilitate head turning. Auditory cues 
such as "look to the left, Mr. Jones" can be helpful initially, 
but there is a danger that the individual will become depen- 
dent on cues from others and never internalize this adaptation 
for independent task performance. Family education is also 
important to balance emerging adaptive behavior with safety. 

Auditory System 

Structure and Function 
The auditory system is also one of the newer sensory 

mechanisms in the CNS. The auditory system processes 
sound primarily for communication, but also as a means of 
environmental orientation. Direction, distance, and quality of 
sound all contribute to the ability to orient within our envi- 
ronment from an auditory perspective (Kiang, 1984). 
Although other professionals specialize in working with 
problems of the auditory system, occupational therapists 
must also be aware of the basic mechanisms within the audi- 
tory system so that therapeutic approaches and environmen- 
tal adaptations can accommodate functional difficulties that 
might arise from dysfunction in this system. 

The auditory receptor is divided into three sections: the 
outer, middle, and inner ear. Through these three compo- 
nents, airwaves are transformed into pressure waves within a 
fluid system. The pressure waves displace hair cells located 
in the inner ear and this action fires the nerve cells. The outer 
ear consists of the auricle (the part of the ear visible to us), 
the ear canal, and the eardrum or the tympanic membrane. 
The outer ear is vulnerable to obstructions in the canal or per- 
forations of the eardrum, both of which diminish hearing on 
that side. 

The middle ear is a chamber that contains three small 
bones (malleus, incus, and stapes) and two small muscles 
(tensor tympani and stapedius). When the ear drum vibrates, 
the small bones vibrate, which then emits pressure on the 
surface of the inner ear (cochlea). The Eustachian tube con- 
nects this self-contained chamber with the throat to provide a 
passageway to equalize pressure in the middle ear. The 
Eustachian tube is frequently the site of infection because 
bacteria or viruses can easily get trapped within its small 
diameter. This blocks the passageway into the middle ear 
making the pressure increase. Ear infections such as these 
occur frequently with young children, partly because their 
Eustachian tubes are less angled, allowing for less efficient 
drainage. This is a major reason why many children have 
plastic tubes placed in their ears during early childhood. The 
tube is inserted through the eardrum and provides an alter- 
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nate means for pressure maintenance in the middle ear. 
The cochlea is shaped like a snail with several chambers 

inside. The movement of the fluid within these chambers 
allows displacement of the hair cells. When the hair cells are 
displaced, the auditory nerves fire. Specific hair cells are 
responsible for specific sounds, and fire specific nerve cells. 
This process is known as torwtopic organization and is the 
mechanism by which the CNS can identify the sounds heard. 

The central connections of the auditory system are 
unique in comparison to other sensory systems. Figure 8-7 
illustrates the auditory pathways. The ascending pathways of 
the auditory system are bilateral in nature: this is significant 
because loss of the input on one side will not completely stop 
the information processing to both sides of the brain. In 
terms of functional performance, the individual experiences 
inability to localize sounds from the environment with loss of 
hearing to one ear or auditory nerve. Under normal condi- 
tions, the brain is able to compare the loudness of the sounds 
from the two ears to determine from which direction the 
sound is coming. When one ear has lost its ability to transmit 
information, the brain no longer can locate the direction, 
hence the person can hear the sound clearly, but has more dif- 
ficulty finding it. Clinically, these individuals respond to 
sounds by changing posture or looking around to search for 
the origin of the sound. 

These bilateral connections in the ascending auditory 
system extend throughout the brain stem. The inferior col- 
liculus is a major relay point for auditory fibers (remember it 
is in the midbrain and is part of the tectum as described in the 
visual section). The inferior colliculus functions to alert the 
individual to auditory stimuli in the environment. From the 
brain stem, information travels to the medical geniculate 
body (in the thalamus) and the temporal lobe. 

The auditory system also has a feedback mechanism that 
performs an important function. This feedback system fol- 
lows a similar course as the ascending pathways but in a 
more unilateral pattern. This fiber pathway inhibits hair cells 
carrying extraneous or unimportant background noise from 
the environment, thus allowing the individual to attend to 
important sounds. This process is called auditory figure- 
ground perception. This is the mechanism which allows stu- 
dents to filter out such noises as rustling paper and shuffling 
feet in the classroom so they can hear the teacher's voice 
more clearly. 

Auditory System Intervention Approaches 
Although other professions may test the auditory system 

in more detail and may work on specific auditory compo- 
nents in their intervention plans, the occupational therapist is 
responsible for the effects of auditory deficits on task perfor- 
mance. Therapists must decide whether intervention should 
be set up in a quiet isolated place to avoid noisy environ- 
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Figure 8-7. Schematic diagram of the auditory pathways. 

ments and decrease the amount of effort required by the audi- 
tory system or in a more natural environment in which the 
individual must develop inhibitory skills. Both choices are 
therapeutically sound, but must be actively chosen as part of 
the intervention goals. For example, the therapist may choose 
to work in quiet environments early in the intervention 
process so that other areas of concern such as postural con- 
trol can be addressed without competition. The therapist 
might choose a simpler postural task while working in a 
more competing auditory environment to help the individual 
learn to screen out the extraneous noises that will always be 
part of the natural environment. A portable tape recorder and 
earphones are helpful to introduce controlled auditory stim- 
uli, which can later be incorporated into other activities. The 
therapist can control the type of sound (e.g.. clinic noise, 
classroom noise, neighborhood noise, music, talking) and the 
volume on the tape so that as the client adjusts to one condi- 



tion, it can be altered slightly. Therapists monitor perform- 
ance in relation to task difficulty and the amount of environ- 
mental competition for attention, as this is another subtle 
variable that certainly can affect task performance. 

Principles for Designing Therapeutic 
Interventions Based on Sensory System 
Functions 

Although understanding how the sensory systems are 
organized and function, this is not sufficient infonnation for 
planning effective therapeutic interventions using neuro- 
science principles. Therapists must also have a framework for 
applying the neuroscience knowledge they have acquired to 
solve the actual problems that persons with performance 
needs face each day. Dunn, Brown, and McGuigan (1994) 
offer a pragmatic approach to making this link in their 
Ecology :yf Human Performancr (EHP) framework. In this 
framework, the person is considered within the context of 
daily life, and the focus of intervention is on the interaction 
between person and context. The EHP framework suggests 
that providers must consider not only the person's skills and 
abilities, but also what the person needs and wants to do, and 
in addition, where the person will be performing these daily 
life tasks. In this spirit, it is insufficient to consider only a per- 
son's sensory processing abilities without also looking at 
what sensory events are either occurring or available in the 
person's performance context. 

One way to consider the sensory aspects of context is to 
complete a Sensory Task Analysis. Table 8-4 provides a blank 
form, and Table 8-5 contains an example of a completed form 
for washing one's face. The terminology on the form match- 
es the terms and explanations provided in Tables 8-1 and 8-2, 
so they can be used as a reference. The analysis requires sev- 
eral steps. First, analyze the task as any person would experi- 
ence it; in this case, there would be sensory experiences from 
the sound of the water, the splashing, the cloth, etc (refer to 
the "what the task routine holds" column). Next, add infor- 
mation about the context (refer to the "what the context 
holds" column). items on the school sink that would be a dif- 
ferent visual experience than at home. In the final column, the 
team members can brainstorm about possible intervention 
alternatives. For example, if the splashing water (e.g., light 
touch) is distracting the person from completing the task, an 
intervention would be to turn off the water while applying the 
soap. Table 8-5 lists examples of interventions to change each 
of the sensory experiences that might occur during face wash- 
ing. As the team considered possibilities, they would select 
one option, and try it within the functional task. This would 
enable the team to learn which interventions were successful; 
if multiple options were implemented simultaneously, know- 
ing which option contributed to the success would he difficult. 

The motor systems are a network of internal motor cir- 
cuitry and exiting pathways that process incoming sensory 
messages, organize plans for movement in response to stim- 
uli and desired actions and transmit the messages to the 
motor neurons that serve the hody. The motor system com- 
ponents are part of the overall integrated schema which 
enables the nervous system to receive, interpret and respond 
to life demands. 

The Somatic Motor System 

The somatic motor system serves the voluntary muscles. 
A network of descending motor pathways modulate the out- 
put to the lower motor neurons that generate the desired 
movements. The descending motor pathways originate in 
several places in the CNS and transmit messages to specific 
places in the hody. The most critical thing to remember about 
the somatic motor system is that these pathways cannot oper- 
ate without sensory input and processing. Figure 8-8 illus- 
trates the sensory cortical areas that provide input to the 
motor centers of the cortex to generate the activity for the 
somatic motor output. 

Three categories of motor output pathways exist in the 
CNS: finely tuned movement, postural control and limb con- 
trol. Figure 8-9 illustrates these pathways. 

Finely Tuned Movements 
Two pathways oversee the finely tuned movements of the 

body. The c~nrtic~ospinal pathway controls finely tuned move- 
ment of the hands; this pathway travels from the motor cor- 
tex to the spinal neurons that serve the hand muscles. The 
cwrtic~obulbar pcirhway serves the motor neurons in the cra- 
nial nerve system to support finely tuned movement of the 
face and head (via the motor cranial nerves). This pathway 
travels from the motor cortex into the brain stem; different 
parts of this pathway terminate on the various motor cranial 
nerves so a person can smile, wink, move the eyeballs, chew 
and turn the head. 

Postural Control 
The second category of motor output pathways serves 

postural control. The descending pathway that serves this 
function is the cnrricoretic~~ilo~spinal pathway (i.e.. from the 
cortex to the reticular formation, and then through subse- 
quent pathways to the spinal cord). This pathway along with 
output from the cerebellum (see below) modulates the 
descending postural control pathways that exit the brain stem 
to serve spinal level neurons for postural control. 
Specifically, the three pathways involved in postural control 
are the medial and lateral ~~e.stiblrlospinaI tracts and the 
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Figure 8-8. Sensory cortical areas that provide direct input to the motor cortex (areas 4,6). 

reticuluspinal tract. The coordination of excitation and inhi- 
bition of these pathways enables persons to hold and shift 
posture with and against gravity. 

Limb Control 
The third category of motor output pathways serves limb 

control. The descending pathway that serves this function is the 
corticorubruspirzal pccthwti\; (i.e., from the motor cortex through 
the red nucleus in the brain stem and onto the spinal cord). 

Understanding the organizational structure of the 
descending pathways is important, because many times per- 
sons who have had brain injury will have differing levels of 
function for each category of movement. This happens 
because brain injury can affect these pathways differently 
due to their anatomical locations. For example, some persons 
will have a harder time moving the limbs, but can perform 
finely tuned movement in the hands when they can rest the 
wrist on a surface, thereby avoiding the limb control issue. 

Another person may have difficulty with postural control. but 
can turn the head to interact with others or bite and chew dur- 
ing a meal if the body can be stabilized in supported seating. 
Occupational therapy personnel can design more effective 
adaptations when these subtle movement differences from a 
nervous system perspective are understood. 

The Cerebellum 
The cerebellum is a fascinating internal structure of the 

CNS whose job is to orchestrate motor activity. The cerebel- 
lum is located just behind the brain stern and just under the 
occipital lobe of the cortex. The cerebellum is able to orches- 
trate motor activity by monitoring the ongoing sensory input 
that contributes to the need to move, and by comparing that 
input with the early drafts of one's plan about moving. This 
comparison enables the cerebellum to make adjustments in 
the motor plan before the message to execute the motor 
action is activated. 
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The internal structure of the cerebellum is very intricate, 
and an explanation of this structure is beyond the scope of this 
chapter. However, understanding the utility of this intricate set 
of neurons and connections is important. The internal archi- 
tecture is composed of neurons that bring infonnation into the 
cerebellum. internal neurons that process the information. and 
neurons that send the processed information out of the cere- 
bellum to other parts of the brain. This internal architecture 
works on an elaborate set of excitatory and inhibitory connec- 
tions among the neurons to make sure that the right amount of 
infom~ation gets transmitted to the rest of the CNS. 

There are two key areas of intluence for the cerebellar out- 
put. First, the cerebellum has direct connections with the 
vestibular nuclei in the brain stem. The purpose of these con- 
nections is to provide modulation to the pathways that provide 
support for postural control. Figure 8-4 illustrates the relation- 
ship among the vestibular nuclei, the cerebellum and the 
descending pathways to support postural control (also read the 
vestibular section of this chapter, above). We believe that the 
cerebellum provides inhibitory control over these pathways. 

The second key connection for the output of the cerebel- 
lum is the motor nuclei of the thalamus. The cerebellum sends 
the preprogrammed message about the motor plan (i.e., the 
"here's how to do it" message) to the ventral lateral nucleus of 
the thalamus; it is in this nucleus that the cerebellar informa- 
tion joins with information from the basal ganglia (the "let's 
go" message, see next section), and the new message is sent 
onto the motor cortex. The ability to move in intricate ways 
and so accurately in response to environmental demands is due 
to the convergence of cerebellar and basal ganglia information 
for use by the higher cortical centers. Figure 8-10 illustrates 
the interaction among the cerebellar output, basal ganglia out- 
put and the motor nuclei of the thalamus: this internal motor 
circuitry of the CNS prepares the motor cortex for action. 

When the cerebellum is disrupted, the person experiences 
a loss of control over voluntary movements. This is because 
the rest of the motor circuitry is released from the modulated 
planning the cerebellum can provide. The classic signs of 
cerebellar dysfunction are ataxia (i.e., a drunken gait) and 
intention tremors (i.e., the tremor only occurs when the per- 
son tries to do something). 

The Basal Ganglia Network 
The basal ganglia is also an intricate internal motor cir- 

cuitry of the CNS. The primary structures of the basal ganglia 
are the caudate nucleus. the putamen (i.e., the input structures) 
and the globus pallidus (i.e., the output structure). They are 
located above and to the side of the thalamus, which is in the 
center of the brain (Figure 8-1 1) and are separated from the 
thalamus by the internal capsule. This anatomic relationship is 
important when one considers trauma to the brain in which 

adjoining structures might be affected. For example, if a per- 
son suffered an aneurism, lost blood supply or had a tumor in 
the center of the brain, the basal ganglia. internal capsule and 
thalamus could be affected together, even though they would 
not necessarily have a functional relationship to each other. 

The basal ganglia network is primarily responsible for 
initiating movement and for regulating stereotypic move- 
ments. The basal ganglia accomplishes these tasks through 
excitatory and inhibitory connections among the primary and 
support structures of the basal ganglia. These connections are 
very complex. and rely on various neurotransmitters within 
these neural networks to operate properly. Scholars and prac- 
titioners have written a lot about these connections; let us 
consider just the basic principles of their operation here. 

The input structures of the basal ganglia (i.e., the cau- 
date nucleus and putamen) are modulated by a structure 
called the subthalamus. When this modulation is disrupted, 
the basal ganglia must try to work with poorly organized 
information; this results in movements that are poorly orga- 
nized as well. The classic problem that occurs when the sub- 
thalamus is dysfunctional is called ballisms; ballistic move- 
ments are explosive movements that occur without apparent 
warning or provocation. 

The output structure of the basal ganglia (i.e., the globus 
pallidus) is modulated by a structure called the substantia 
nigra. When the output of the basal ganglia is disrupted, a 
different problem occurs. The information cannot flow out of 
the basal ganglia, and so the "let's go" message that the brain 
expects from the basal ganglia cannot be sent (or is sent at a 
very low rate). This results in the person having a problem 
initiating movements, and so appears to get stuck in posi- 
tions, or ends up in poor postural positions, because shifting 
posture requires additional movement initiation. 

The classic disorder associated with this problem is 
Parkinson's disease. The reason that the drug L-Dopa reduces 
this aspect of the movement problem is that the substantia nigra 
operates heavily with the neurotransmitter dopamine, and L- 
Dopa creates a substitute for the reduction of dopamine that 
occurs in Parkinson's disease. The effects are reduced over time 
as the brain somehow gets accustomed to the levels, and 
increasing dosages have to be used. There are also side effects 
of long-term use of drugs such as this; other parts of the brain 
also use dopamine, and are affected by the introduction of L- 
Dopa. These other areas may get overused, resulting in abnor- 
mal signs from these other centers (i.e., a release phenomenon). 

Whenever the balance of power is disrupted in the CNS, 
one sees a release phenotnenon, and too much or too little 
needed behaviors occur as a result. Many clinical signs of dis- 
ruption in the basal ganglia are the result of the release phe- 
nomenon. Slowness of movement (i.e., bradykinesia), resting 
tremors, choreiform (rhythmic, involuntary), athetoid (i.e., 
writhing) and ballistic (i.e., explosive, involuntary) movements 
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Figure 8-1 1. Anatomy of the thalamus, internal capsule and basal ganglia 



T A B L E  8 - 6  

Functions of the Major Nuclei of the Thalamus 

Thalamic Nucleus Cortical Connection Function Supported 

Anterior limbic system emotional tone 

Dorsomedial prefrontal lobe judgementlreasoning 

Centromedian reticular system generalized arousal 
Intralaminar 
Midline 

Ventral Anterior 
Ventral Lateral 

Pulvinar 

Ventrobasal Complex 
*VP Lateral 

*VP Medial 
*VP Inferior 

Lateral Geniculate Body 

Medial Geniculate Body 

posterior frontal lobe 

association areas 

parietal lobe 

occipital lobe 

temporal lobe 

motor functions 

higher cognitive thought 

sensory mapping (i.e., 
somatosensory, 
somatosensory. 
vestibular) 

visual system functions 

auditory system functions 

are all indications of a loss of the balance of power in the basal 
ganglia and associated structures. These clinical signs can be 
disruptive to functional performance by interrupting ongoing 
activity, or making it hard to engage in the activity at all. 

Many believe it is erroneous to consider the function of 
the sensory and motor systems separately, and thus refer to 
these networks as the sensorimotor system (e.g., Moore, 
1980; Dunn, 1991 a; Kandel, Schwartz & Jessell, 1991 ). The 
CNS receives information from the sensory organs, process- 
es the sensory information, creates possible responses, filters 
them through the internal motor circuitry, and produces a 
motor response, which is executed by the motor neurons and 
musculoskeletal system. The motor systems cannot operate 
without sensory information, either during the current event 
requiring a response, or from memories of prior events which 
helped to construct maps of the body and the environment. 

Thalamic Integration 
The thalamus is an integrating structure that sits in the 

center of the brain (Figure 8-1 1). It is a critical structure 
because every single stimulus that goes to and from the 
brain (except olfaction) must travel through the thalamus. 
This gives the thalamus a big responsibility, that of organiz- 
ing input and output so that it serves an optimal purpose in 

helping the organism to respond properly. Table 8-6 contains 
a summary of the major nuclei of the thalamus, their system 
connections and the general function each nucleus supports. 

Motor Control 
Motor control is the ability to manage one's body for 

movement (Dunn, 199 1 b), but is different from praxis (see 
cognitive section below). We use movement schema that we 
have created from experience or practice to make our move- 
ments more efficient. The motor cortex supports the sequenc- 
ing, timing and maintenance of control over movements; all 
the motor centers of the brain rely on sensory information to 
activate the desired movements. There are several questions 
that therapists can ask themselves to identify motor control 
iswes that may be interfering with performance (Dunn, 
1991 c): Table 8-7 contains these questions. 

Principles for Designing Therapeutic 
Interventions Based on Motor System 
Functions 

The EHP framework outlines five intervention approach- 
es that can be used to provide therapeutic supports. The five 
interventions acknowledge the ways that therapists can 
address not only person-related variables, but also task and 
context variables that can affect performance. 
Estublish/restore interventions address person variables; the 
therapist identifies the person's skills and abilities, and 
designs interventions to improve them. When therapists 
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Questions That Enable Professionals to 
Consider Factors That Affect Motor Control 

Can the individual carry out discrete movements 
(those with a clear beginning and end)? 

Can the individual carry out movements that are in a 
clear sequence with each other? 

Can the individual carry out movements that are 
continuous (e.g., steering a car, holding onto a cup 
of water)? 

Can the individual carry out predictable sequences 
of movement? 

Can the individual carry out movements when the 
environment is unpredictable? 

Is the individual's reaction time appropriate for the 
situational dernands? 

Can the individual sustain performance for continu- 
ous tasks? 

Can the individual continue a repetitive movement 
pattern? 

Can the individual anticipate movement demands? 

Can the individual create the correct amount of 
force, velocity, and control to carry out effective 
movements? 

Are there differences in performance between the 
finely tuned movements of the hands. limb move- 
ments. trunk control and facethead control? 

From Dunn, W. (1991). Assessing human performance related to brain 
function. In C. Royeen (Ed.), Neuro.vc.ier~ce,fi~~fndution.r ofhumun per- 

,fi~rnlunce. Rockville, MD: AOTA. Used with permission. 

move cooking supplies to higher shelves so that the person 
who has spasticity will have to stretch muscles and increase 
range of motion, they are using a restorative intervention. 

Adaptive interventions address task and context vari- 
ables; the therapist identifies what the person wants and 
needs to do, and considers the person's skills, the character- 
istics of the task and the context in which it needs to be per- 
formed. If a person wanted to eat a meal, but only had one 
hand available for eating, the therapist would design adaptive 
interventions by placing dycem under the plate, attaching a 
plate guard and teaching the person to use a rocker knife for 
cutting. 

The Alter interventions require the therapist to under- 
stand the person's skills and abilities and the possible con- 
texts for performance. Alter interventions occur when the 

therapist identifies the best possible match between the per- 
son's skills and a particular performance context. Most 
important to remember about the alter intervention is that one 
does not change the person or the context, but rather finds the 
best match between them. For example. if a person has a 
cerebellar disorder. which results in the person having inten- 
tion tremors and ataxia (i.e., lots of extra movements when- 
ever the person tries to move), a therapist might identify a 
political marketing firm for employment. because all the 
workers wear headsets, and this person could have extrane- 
ouos movements without this affecting the ability to talk to 
people on the phone about the candidates. The person's 
tremors do not go away from the intervention, and the firm is 
not asked to make any changes in the job for the person. 

Preventutive interventions occur when therapists use their 
expertise to anticipate problems in the future, and design inter- 
ventions to keep negative outcomes from occun-ing. When the 
motor systems are disrupted, persons commonly have prob- 
lems with decubitus ulcers (i.e., skin breakdowns) on bony 
prominences due to their inability to move easily to shift pos- 
ture or position during the day. Therapists anticipate that this 
might occur, and design interventions with the person to pro- 
vide cues throughout the day to remember to move body parts 
away from weight-bearing surfaces. 

The Create interventions address the larger contextual 
needs of communities. Occupational therapists have exper- 
tise that can make daily life more available, interesting and 
enjoyable for everyone, not just those who have performance 
needs. We use create strategies when we apply occupational 
therapy expertise to make a context better for everyone, with- 
out concern for disabilities. For example, serving on a com- 
mission to design the community's day care environments. or 
playgrounds would be a create intervention. Working with a 
corporation to make the office building easier for everyone to 
work in (e.g., signage, "friendly" work stations, chair height 
and work surface height options), or designing a community 
living neighborhood for elders employs a create intervention. 
Knowledge of the entire CNS is useful in identifying "cre- 
ative" interventions in this category. 

Cortical Supports for Cognitive Performance 

The CNS is organized so that information can be inte- 
grated for complex thinking and problem-solving tasks. 
Integrating diverse information enables persons to address 
more difficult dilemmas than are possible with the more sin- 
gular processing that is observable in less-evolved organ- 
isms. General questions that providers can ask to determine 
the role of cognition in performance are provided in Table 8- 
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Questions That Enable the Professional to 
Consider Factors That Affect Cognition 

Are basic sensory experiences intact? 

Can the individual interpret incoming sensory infor- 
mation in a reliable manner'? 

Can the individual organize and integrate complex 
configurations of stimuli? 

Can the individual create a plan to act on the inter- 
pretations and configurations identified'? 

Can the individual use memory to support cognitive 
activity? 

Can the individual use resources to make effective 
decisions? 

Are there indications of somatic motor disruptions 
that would interfere with the manifestations of cog- 
nition? 

Are drugs affecting the individual's ability to 
demonstrate cognitive abilities? 

Do times of day affect cognitive performance? 

Are there any indications of disruptions in biologi- 
cal rhythms that would diminish cognitive abilities? 

From Dunn, W. ( 1  09 1 ). Assessing human performance related to brain 
functicm. In C. Royeen (Ed.), Nruro.scirnce,fo[~ncIc~~ic~~i.s of hurrrotr 11er- 
,fOrmrrrrc~e. Rockville, M D :  AOTA. Used with permission. 

8. Three key features of the cognitive systems in people are 
the arousal and attentional mechanisms. the language and 
communication systems and the systems that support praxis. 

Arousal and Attentional Mechanisms 

DeMoja, Reitano and Caracciolo (1985) describe the 
relationship between arousal and performance as a complex 
matrix affected by three variables: the structure of the indi- 
vidual's personality, the difficulty of the task, and the struc- 
ture of the situation in which the task is to be performed. 
Vinogradova (1970) described several events which must 
occur in order for the CNS to register a stimulus. First, the 
appropriate receptors must recognize that a change has 
occurred in the environment. Second, the CNS must deter- 
mine whether such a stimulus has occurred before. Third, the 
CNS must decide whether or not to act on the stimulus. 
Finally, the CNS must carry out the decision. Further, it 
appears that under normal conditions the CNS tends to inves- 
tigate stimuli that are not familiar and inhibit conscious 
awareness of familiar stimuli (McGuinness & Pribram, 

1980). Table 8-9a provides a worksheet that enables 
providers to consider the aspects of attention that may be 
affecting performance. 

As an example, think about yourself as a student in a the- 
oretical astronomy class. Although you might have an inherent 
ability to initiate and hold attention to the typical features of 
the classroom learning environment (e.g., the teacher's voice, 
the writing on the overhead, the pencil and paper for notetak- 
ing), the subject matter content may force you to expend an 
extreme amount of effort. The heightened effort might reduce 
your capacity. making it less possible to tolerate distractions in 
the class. Table 8-9b contains a completed form about this 
example to show you how this might look as a task is analyzed 
from an attentional perspective. 

DeGangi and Porges (1991) describe the neural mecha- 
nisms that support arousal and attention. The sensory sys- 
tems must be able to register that a stimulus is occurring to 
begin the processes. Specifically, the arousallalerting aspects 
of each sensory system (see Tables 8-1, 8-2, and 8-3) send 
collateral fibers to the reticular formation, a center for 
arousal in the brain stem. The reticular formation then sends 
excitatory information to higher centers in the brain. includ- 
ing the limbic system (i.e., the hippocampus and the amyg- 
dala if you are interested in the structures' names), the thala- 
mus and the cortex. The reticular mechanisms provide exci- 
tation for the centers they connect with. making it easier for 
those centers to activate in response to additional input. It is 
a "pay attention" message for the other centers as more 
focused information comes their way. 

The Factors described above are all part of the function- 
ing arousal and attentional system. Each of these processes 
can be disrupted when the CNS is not functioning properly; 
when arousal and attention are disrupted, n person's perfor- 
mance is also placed in jeopardy. 

Dunn (1997) describes the interaction between the neu- 
rological mechanisms that enable a person to notice and 
respond to sensory stimuli and the behavioral responses pos- 
sible as a model for understanding a person's repertoire of 
behaviors from a neurological point of view. Table 8- 10 pro- 
vides a summary of their proposal about this interaction. 

A person's neurological thresholds refer to the amount of 
stimuli necessary to reach a point of noticing or reacting to the 
stimuli. Those who have high thresholds take a longer time to 
react; some neurological and social science authors refer to 
this condition as habituation. When habituation is operating, 
the CNS is responding to the stimulus as if it is familiar. 
requiring little attention. Low thresholds, on the other hand, 
trigger more readily, and therefore cause the person to react 
more frequently to stimuli in the environment. This height- 
ened reactivity is sometimes referred to as sensitization. 

When addressing persons who have performance needs, 
providers must observe behavior. The model in Table 8-10 







T A B L E  8 -  10  

Relationship Between Behavioral Responses and Neurological Thresholds and the Behavioral 
Repertoire that is Likely to be Present with Each Interaction 

Neurological Thresholds Behavioral Responses 

respond in accordance with threshold respond to counteract threshold 

high (habituation) poor registration sensation seeking 

low (sensitization) sensitivity to stimuli sensation avoiding 

proposes two distinct methods of responding in relation to 
one's neurological thresholds. First, persons can respond it1 
accordance with their thresholds; this suggests that their 
behavioral repertoire mimics their thresholds. In this case, 
persons with high thresholds would appear to respond to very 
few stimuli, while persons with low thresholds would tend to 
respond to many stimuli. Secondly, persons can respond to 
counteract their thresholds; suggesting that persons' behav- 
ioral repertoires try to offset the impact of their neurological 
thresholds. In this case, persons with high thresholds would 
exert a lot of energy seeking stimuli to try to meet their 
thresholds, while persons with low thresholds would exert 
energy to keep from triggering their thresholds. 

All of these factors fall on a continuum related to the 
intensity of response. For example, persons can have a slight 
tendency to register stimuli poorly, or can have a great deal 
of trouble registering stimuli. Similarly, persons could tend 
to counteract the effects of their thresholds, or aggressively 
act to counteract their thresholds. Also likely is that persons 
have variability within their CNS on particular days and 
within particular sensory systems (e.g.. the somatosensory 
system being more sensitive than the vestibular system). Let 
us consider the general categories of each behavioral reper- 
toire, its potential effects on performance and how to con- 
struct effective interventions for persons demonstrating these 
behaviors. 

Poor Registration 
When persons have difficulty registering stimuli due to 

high thresholds and act in accordance with those thresholds, 
they tend to have a dull or uninterested appearance. We know 
from this model that their nervous systems are not providing 
them with adequate activation to sustain focus on tasks or 
contextual cues. When serving persons who have poor regis- 
tration, it is important to find ways to enhance the task and 
contextual experiences so that there is a greater likelihood 
that thresholds will be met. One can increase the contrast and 
reduce the predictability of cues in the task; for example, 
make objects heavier, change the color of items (e.g., put 
pink food coloring in the milk). add rotary movement or 
bending to the task routine. With these persons, always think 

of how to make the experience more dense or intense with 
stimuli. The more they have the opportunity to trigger their 
thresholds, the more they are likely to be able to develop 
adaptive responses. 

Sensitivity to Stimuli 
When persons have sensitivity to stimuli due to low 

thresholds and act in accordance with those thresholds, they 
tend to seem hyperactive or distractible. They have a hard 
time staying on tasks to complete them or to learn from their 
experiences because their low neurological thresholds keep 
directing their attention from one stimulus to the next 
whether it is part of the ongoing task or not. When serving 
persons who have sensitivity to sensory stimuli, emphasize 
the discriminatinglmapping features of sensory systems (see 
Tables 8-1, 8-2, and 8-3): because these aspects of sensory 
input do not increase arousal. These persons need organized 
input limiting distractions to draw them away from the task 
at hand. For example, use touch-pressure to make contact 
rather than light touch; organize tasks to have linear move- 
ment rather than rotary movement. The more discriminating1 
mapping input these persons can obtain, the better their 
chances for completing tasks and learning from them. 

Sensation Seeking 
When persons have high thresholds, but develop respons- 

es to counteract their thresholds, they engage in behaviors to 
increase their own sensory experiences. These persons add 
movement, touch, sound and visual stimuli to every experi- 
ence. They might sing to themselves. dance in their seat, 
touch everything, hang on objects or people or chew on things 
a lot in an attempt to meet their high thresholds. When serv- 
ing persons who seek sensation, it is important to first observe 
them carefully to obtain information about what sensations 
they add to their behavioral repertoire. The most effective 
interventions for these persons incorporate the sensations the 
persons need into their functional life repertoires. For exam- 
ple, if a person seeks movement input. but this is interfering 
with functional life performance, tasks can be reconstructed 
tasks to include more movement, so persons get the input they 
require as part of the daily life routine. In this example, we 



can move clothing items to different parts of the room, so it 
will require more walking, bcnding and reaching to get ready 
for the day. Honoring the input they seek can also reduce anx- 
iety and assist with attentional focus. 

Sensation Avoiding 
When persons have low thresholds and develop respons- 

es to counteract their thresholds, they try to avoid activating 
their thresholds; they might appear to be resistant and unwill- 
ing to participate. There may be something about meeting 
their neurological thresholds that is uncomfortable. and 
therefore persons try to circumvent this event by reducing 
their activity, many times through withdrawal. This may be a 
way to discriminate these persons from those who have poor 
registration. Persons with poor registration may not appear to 
notice what is going on, while persons who are avoiding 
would display behaviors that indicate noticing and with- 
drawal from the situation. Another strategy persons in this 
category use is to develop rituals for conducting their daily 
life; it is possible that these rituals serve to provide a pattern 
of neural activity that is familiar and acceptable. When serv- 
ing these persons, we must also honor the discomfort they 
experience. Observing their rituals and analyzing the features 
of the rituals provides a wealth of information. It is often suc- 
cessful to begin intervention with one of the rituals, expand- 
ing it in some small way, so that there is a blending of Samil- 
iar and new stimuli. This enables the person to incorporate 
the new stimuli into a comfortable pattern. When providers 
try to disrupt the rituals too aggressively, this only leads to 
more avoidance behaviors, and functional perforniance 
declines even more. 

The process of communicating includes consideration of 
all facets of transmitting and receiving information. Reading, 
writing, speaking and listening have heen traditionally con- 
sidered forms of communication. However, we must also 
consider nonverbal communication, such as body posture, 
gesturing and eye contact, and other features of communica- 
tion such as tone of voice or nonword sounds as part of the 
communication process. This more inclusive view brings in 
more CNS structures and systems to the process of having 
successful communication. but also provides more avenues 
for adaptation to support communication. Table 8-1 1 pro- 
vides a listing of the primary areas of the brain involved with 
language, and summarizes the communication functions pre- 
sent or lost with damage to these centers. 

As with all cognitive functions, communication is depen- 
dent upon adequate sensorimotor processing. For higher corti- 
cal functioning to occur (in this case. communication), the 
brain must integrate information. Oetter. Laurel, and Cool 

(1991) suggested that four major integration centers support 
communication. The posterior purietal lobe organizes spatial 
data for "object localization"; when a person can organize data 
to map the environment, communication about the environ- 
ment's makeup is possible. The inferior temporal lobe com- 
bines information to create a map of the characteristics of 
places and things. or "object identification"; one example of 
this is facial recognition. Wernicke's area is located at the 
intersection of the parietal, occipital and temporal lobes, and 
processes information to enable the brain to interpret language 
(i.e., receptive language). In the left hemisphere, Wemicke's 
area processes speech communication, while in the right hemi- 
sphere Wernicke's area processes infornution to interpret non- 
verbal communication. Broca's ureu is located in the frontal 
lobe, and through connections with Wemicke's area, integrates 
information for expressive language. 

Praxis 
Praxis is a conceptual process by which the individual 

creates, organizes and plans new motor acts. Praxis is a con- 
ceptual process. and not a motor act. Praxis is supported by 
several higher cortical centers, making it part of the cognitive 
processes of the brain. Evidence suggests that praxis is close- 
ly related to the information available from the sensory sys- 
tems: the more a task requires sensory input and feedback, 
the more task performance is adversely affected in conditions 
of dyspraxia and apraxia. Figure 8-12 contains a diagram of 
the sensorimotor links to the key motor cortex structures that 
support praxis. The dilemma for professionals is that we 
must observe outward behaviors to make our interpretations 
about a person's abilities; assuming that difficulty with 
movement is au~oniatically a motor problem is an error. 
Table 8-1 2 contains a list of questions that professionals can 
ask when considering praxis as a factor in performance. 
When considering the praxis aspects of performance. Ayres 
(1985) suggested that we consider three aspects of the 
process: ideation, planning and motor execution. 

Ideation is the formation of ideas about what a person 
might want to do. It is an internal process in which the ner- 
vous system either gathers information from stimuli in the 
environment or recruits information from memory stores (i.e., 
stimuli from past experiences) to formulate an idea about 
what to do. When individuals have ideational deficits. they do 
not have the capacity to figure out what can be done. 
Individuals with ideational difficulties display very simplified 
or repetitive patterns of movement, illustrating their inability 
to formulate ideas for action. When serving persons who have 
ideational praxis problems, we have to be very systematic in 
designing intervention activities. Intervention must build on 
the person's repertoire of skills; making a task too complex 
too soon can immobilize the person from engaging in the 



Can the individual underslanl wrllten inlormalion 
(read)? I I yes I 
Can the ind~vidual understand spoken informal~on 
(Wen)? 

Can lhe individual repeal what someone else has I I I Yes I Yes 
said? I 

Can Ihe individual wrile legibly? Wilh coherent 
lhoughts? 

Can the individual vocalize? Convey coherenl 
thoughts? 

Can Ihe individual read aloud? I NO I NO 1 yes 1 I 

No 

Does the individual uselundersland intonation? 

Yes Yes 

No 

No 

I Yes i Yes / 

No 

Can the lndividual spell? (Be sure lo check premorbid 
ability.) 

No 

No 

NO I NO 

Can lhe ~nd~v~dual  use geslures lo commun~cate? 

Does the lndlv~dual recognize nonverbal cues (e g . 
lac~al expressions, body poslures)7 

Is the individual aware of own errors in talking, wriling? I No I Yes I I I I I I 

Can Ihe ~nd~v~dual  underslandlcreale propor synlaxl 
grammar? 

Is the ind~vidual's speech fluenl (rate, rhythm okay)? 

Can the Individual "lmd" the right word when lalking? I I I 

Yes 

Yes 

Table 8-1 1. Areas of the brain involved with language functions (if the brain is damaged, can the individual perform the specified task?). From Dunn, W. (1991). 
Assessing human performance related to brain function. In C. Royeen (Ed.), Neuroscience foundations o f  human performance. Rockville, MD: AOTA. Reprinted 
with permission. 
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Figure 8-12. Factors which create the appropriate conditions for motivated behavior. From D u n n ,  W. ( 1  991). Motivation. In C. B 
Royeen (Ed.), AOTA Self Study Series on Neuroscience. Rockville, MD: AOTA. Used with permission. 

environment. We must also create interventions which 
enhance the sensory information available to the person, to 
build maps of self and environment for use in idea generation. 
For example, we might make objects heavier in a routine, to 
increase the proprioceptive feedback for the person. We might 
also start with a routine that is in the person's repel-toire. and 
embellish the routine one part at a time. This allows the per- 
son to experience increasingly complex sensorimotor actions 
to build neuronal models for engaging the environment. 
Increasing complexity leads to more advanced body and envi- 
ronmental maps which can be used for future idea generation. 

Planning is the process of organizing information to 
design a method for responding to environmental demands. 
Planning is also an internal process which uses sensorimotor 
information to figure out an efficient and effective way to 
move. The motor plan is not the movement itself. When a 
person has difficulty with motor planning, he or she has the 
information needed to create the ideas, but has difticulty fig- 
uring out how to get his or her body to implement ideas 
about moving. When persons have planning problems, they 
display several types of movement difficulties. First, they 

will be very clumsy; because they are unable to make a good 
plan, their efforts to move in response to environmental 
demands are inaccurate. Secondly, it is common for persons 
with planning problems to be able to verbally describe what 
needs to be done; they have good ideas, but they are unable 
to create a plan for doing it themselves. This characteristic 
can extend to being bossy and directive: this is likely to be a 
coping strategy for completing the task effectively, while 
reducing the possibility of errors that will occur if they try to 
carry out the task themselves. Sometimes persons with plan- 
ning problems destroy objects more easily than others; this 
may be related to their poor modulation of movements, 
which can lead to holding something too tightly, dropping 
objects, bumping into objects, etc. 

Providing intervention for persons with planning prob- 
lems is challenging. Since they make a lot of errors, it is com- 
mon for persons with planning problems to either quickly 
refuse to try new things, or to make many mistakes. adding to 
their misperceptions about how to move. We must build inter- 
vention scenarios that provide a motor planning challenge; 
but we must also design the activity so that we can preempt 



failure by intervening hefire the person makes an error. When 
one lets the person perform incorrectly and then corrects it 
with them, we allow incorrect patterns to form and we erode 
the person's already tenuous confidence about moving. 

The third factor in the process is motor execution. This is 
not part of praxis. Motor execution is the acl of carrying out 
the movement that has been conceived and planned during 
praxis. It is what one observes, but it is not praxis. When per- 
sons have motor execution problems without praxis problems, 
they may also look clumsy. However, persons who only have 
a motor execution problem will profit from their movement 
experiences, i.e., they will be able to adjust their performance 
based on internal and external feedback about performance. 
Practice helps motor execution to improve; routine and repet- 
itive practice does not help persons with praxis problems. 

Principles for Designing Therapeutic 
Interventions Based on Cognitive System 
Functions 

Remembering to address the cognitive aspects of perfor- 
mance as we design therapeutic interventions is always chal- 
lenging. A main reason for this is that we are still observing 
sensorimotor behaviors as we are determining cognitive abili- 
ties and needs. In order to get you started, Table 8- 13 provides 
examples of therapeutic interventions (using the EHP frame- 
work) that an occupational therapist might design for selected 
cognitive problems that are interfering with performance. 

Emotional System 

Structure and Function of the Limbic System 
The limbic system is an older, more primitive part of the 

CNS. It evolved from the "smell" brain in other species; this 
smell brain was responsible for primitive instincts and drives 
(Moore, 1976). The primary structures of the limbic system 
are the limbic lobe (i.e., the cingulate gyrus), the hippocam- 
pus and the amygdala. The hippocampus is involved with 
storage and retrieval of memory, and is implicated in demen- 
tia as tangles and placques form to reduce its function. The 
arnygdala is involved with the ability to register sensory 
input, and contributes to the arousal/alerting mechanisms 
described earlier. 

Moore (1976) describes the functions of the limbic system 
using the acronym "MOVE!" The word itself is important, 
because the limbic system supports our instincts to survive; 
however, she also used the letters to remind us of the primary 
functions of the limbic system. The "M" stands for memory; 
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Questions That Enable the Professional to 
Consider Factors That Affect Praxis 

Is the individual aware of body parts and their capa- 
bilities? 

Does the individual demonstrate awareness of envi- 
ronmental features that may affect performance 
needs? 

Does the individual have experiences to draw from 
to create an idea? 

Can the individual express or demonstrate aware- 
ness of ideas about how to accomplish a task? 

Can the individual adapt performance to match task 
demands? 

Does the individual profit from observations and 
demonstration or physical prompts? 

Does the individual notice errors in performance'? 

Can the individual use common objects as they 
were intended to be used? 

Does the individual create functional adaptations for 
the use of common objects? 

Can the individual combine separate movements 
into a functional sequence? 

Are there specific areas of problem performance 
(e.g., postural, oral)? 

From Dunn, W. (1991). Assessing human performance related to brain 
function. In C. Royeen (Ed.), N e u r o ~ c . i n i c ~ r , f o ~ ~ ~ ~ i / i ~ i i o n s  ofhumcm per 
,forrnuric.c~. Rockville, MD: AOTA. Reprinted with permission. 

this includes the instinctual, genetic memories and the more 
cognitively oriented short- and long-term memory systems. 
The circuitry that is involved with the hippocampus establish- 
es ways to store and retrieve memories effectively. Each per- 
son constructs individualized ways to use this system. 

The "0" stands for the olfactory functions of the system. 
The olfactory system is a major input for the limbic circuitry, 
and contributes to the rich memories persons have related to the 
smells of their lives (e.g., being in grandma's kitchen while 
bread was baking; standing in the hay fields just after the har- 
vest). The direct neural connections make these memories very 
intense and available even if they are old memories. Providers 
can take advantage of these connections with persons who are 
confused by providing more familiar smells in the environment 
for orientation; the odors can trigger memories when more tra- 
ditional cognitive strategies cannot. For example, a daughter 
can wear her traditional perfume when visiting her mother, or 
spray the perfume on pictures of herself, so the mother will 
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Examples of Therapeutic Interventions from the Ecology of Human Performance Framework for 
Selected Cognitive System Disruptions 

Performance Problems 
Need and Neuro That Are Restorative Adaptive Alter Preventative 
Correlate Occurring Interventions Interventions Interventions Interventions 

Sarah is a school aged Sarah seeks auditory, 
girl whose parents movement and touch 
want her to participate stimuli throughout the 
in her classroom day, which interrupts 
activities: she has seatwork and class 
high sensory thresh- participation 
old5 

Lana, an older woman Lana can tell you 
who wishes to cook what needs to be 
for her grandchildren; done, but has trouble 
has apraxia carrying out the 

movements herself; 
this sometimes causes 
frustration 

Presley, a young adult Presley doesn't under- 
who wishes to have stand intonation, ges- 
friends; R hemis dam- tures, facial expres- 
age affects nonverbal sions; doesn't use 
language centers gestures properly to 

communicate 

Swing and sing with 
Sarah on the play- 
ground at arrival to 
provide additional 
input so she can focus 
her attention when 
she goes to class. 
During seatwork, 
place Sarah's supplies 
around the room so 
she can move about to 
get them as she works 

Provide physical 
prompts and hand 
over hand guidance to 
open containers; pour 
and stir ingredients so 
she can learn how 
movements feel dur- 
ing the task 

Watch movies togeth- 
er and talk about the 
gestures, facial 
expressions, intonn- 
tion; practice having 
the same interaction 
as the movie 

Provide seatwork 
directions on tape, so 
Sarah can listen to 
them as needed to 
complete assignmenls 

Purchase ready made 
meals that can be 
heated up with the 
grandchildren 

Find a buddy to go  to 
book club with him; 
buddy will intervene 
to support his interac- 
tions 

Work with parents 
and Sarah to get her 
involved in the com- 
munity center dance 
club, which has both 
active, freestyle danc- 
ing and karaoke 

Go to restaurants with 
grandchilden as an 
alternative eating 
environment for 
socializing with chil- 
dren 

Identify an email bul- 
letin board for social- 
ization so that there is 
not a requirement for 
using or interpreting 
gestures. intonatinn 

Have Sarah join the 
choral group at 
church to prevent 
social isolation that 
may occur 

Locate job possibili- 
ties and necessary job 
skills for employment 
to prevent restricted 
living options due to 
financial restraints 

REMEMBER: the Create intervention is applied within the community to benefit all pcrsons in the community of interest, and does not specifically 
address disabilities. 

have this additional cue about who is in the picture. 
The "V" stands for visceral connections. The limbic sys- 

tem coordinates visceral responses with cognitive, emotional 
and sensorimotor responses. Eating engenders all of these 
systems, as persons make decisions about what. when and 
how to eat, along with where and with whom to eat (adding 
the cognitive and emotional features into the story). When 
providers can include all acpects of these systems into occu- 
pational performance, there is a much better chance of sup- 
porting performance in the natural environment. 

The " E  stands for emotional tone, or drive. These drives 
include the drive to "feed." or nurture oneself, the drive to 
fight or flight and the drive to reproduce. These drives in 
human4 go beyond mere physical survival; in humans the 

drive to survive includes being loved. When persons do not 
have attachments. they fail to thrive physiologically, and in 
young children and elders, this can result in death. We must 
"feed" the body and the cpirit in order to survive. 

Perspectives about Affect and Emotion 
DeGangi and Greenspan ( 199 1 ) provide an excellent dis- 

cussion about the theoretical and application constructs relat- 
ed to affect and emotion. They propose that "emotional 
expression provides a window into an individual's internal 
experience of the world" (p. 4). They describe five major ele- 
ments related to the function of emotion in performance. 
First, the person engages in cognitive c~pprrrisal, by evaluat- 
ing the contextual features before, during and after the emo- 



tional experience. This involves assessing the impact of each 
factor on the event as well. Secondly, plzysiologic.ul respons- 
es are linked to emotions, demonstrating the link between the 
biological and affective systems in the CNS. Third, the per- 
son must display a reutliriess to i ~ c t  (i.e., a motivational state); 
attentional state and emotional capacity contribute to this 
factor (see section on motivation in this chapter). Fourth, 
there must be a motor e,rpres.sion of the emotion through the 
internal and somatic motor circuitry of the CNS. Finally, per- 
sons have subjective experirnres related to their emotions; 
memory and imagination are important factors in how a per- 
son experiences emotions. These are critical factors to con- 
sider when interacting with persons who need occupational 
therapy and their families; remember that as the therapist you 
also have these issues happening for yourself during your 
professional interactions. Table 8-14a contains a worksheet 
to discover the affective and emotional tone aspects of a per- 
son's performance. 

Let us work through a simple example. When an adoles- 
cent faces meeting a girlfriend's parents for the first time, 
issues of affect and emotional tone become salient. The ado- 
lescent has some general skills that will be useful in this sit- 
uation. but they must be applied in a new way. For example, 
the adolescent understands the meaning of being with one's 
family and how to greet and engage in basic conversation. 
Modulating these factors during this new situation may be 
extremely challenging due to the high autonomic nervous 
system activity (e.g., dry mouth, sweating), while having low 
somatic motor system output (e.g., movements choppy or 
restrained) (Dunn, 1991a). This may lead to overreactions, 
like laughing too loudly, or missing important cues, such as 
passing food at the right time. Table 8- 14b contains a com- 
pleted form related to this example. 

Motivational System 
Motivation is a con~plex process; to understand it, we 

must study both neuroscience and social science (Dunn, 
1991a). Stellar and Stellar (1985) explain that the modern 
concept of motivation has developed from the need to account 
for two behavioral conditions: noticing stimuli and selecting 
responses. Kelly (1 985) acknowledged the importance of 
motivation by including motivation as one of the three basic 
functional systems of the CNS (the sensory and motor sys- 
tems are the other two). Table 8- 15a contains a worksheet to 
discover the motivational aspects of performance. 

Dunn ( 199 1 a) provides an application of these general 
motivational features to daily life. As a therapist, you might 
attend 3 workshop in which you learn a new intervention 
alternative. which you are anxious to share with your col- 
leagues at work. If you have not conducted an inservice 
before. you might be both nervous about presenting and excit- 

ed about learning some teaching skills. On the day of the 
event, you might awaken early due to your excitement. and 
get ready faster than usual. When you get to work. others tell 
you about their excitement over your inservice because of not 
only the content, but your pleasant personal style. Just before 
the inservice time, you might begin to feel warm, and so get 
something cool to drink before going to the room to check 
things over one more time. The inservice goes welll and leads 
to many questions. invitations to plan interdisciplinary inter- 
ventions based on your new information and other positive 
feedback, thus reinforcing you to try this again. Table 8-15b 
contains a summary of the motivational features of this event. 

Neural and Behavioral Science Principles 
Underlying Motivation 
Professionals tend to think of a person's internal state as 

the primary determinant of motivation. However, there are 
other factors that must also be considered when determining 
a person's motivation (Stellar & Stellar, 1985). The external 
environment must provide adequate cues and supports to 
enable the desired performance and the person must have had 
opportunities to understand the relationship between the cue 
to perform and the desired performance. Difficulty with any 
of these factors can affect a person's motivation (Dunn, 
1991a). For example. a mother's usual pattern of waking her 
son so he can get ready for his baseball game (i.e., something 
the son wcrizts to do) is to walk into the room and call his name 
(i.e., the son understands the meaning of the stimulus). 
However, she knows that he may be overly tired because of 
getting to bed late the night before (i.e., she recognizes that he 
may have a depleted internal state), so she turns on the light. 
flips on the radio and touches his shoulder to wake him (i.e., 
adding external environmental stimuli to increase the chances 
for the motivated behavior to occur). Just as in this example, 
when serving persons with disabilities, providers must give 
attention to all the factors that influence motivation. 

Persons need the motivational system to not only initiate, 
but to sustain behavior. There is a great deal of interdepen- 
dence among the elements. The primary CNS mediator for 
motivation is the hypothalamus. The hypothalamus provides 
mediation at several levels of operation within the CNS. One 
level of mediation occurs as the hypothalamus organizes 
information from the internal and external environments. The 
hypothalamus oversees the CNS operations that regulate bio- 
logical rhythms and homeostasis (which are primary factors 
in the internal environment), and receives information about 
the exlernal environment from the sensorimotor systems. 
With the objective being to maintain or reinstate homeosta- 
sis, the hypothalamus modulates the amount and type of 
information that travels to higher centers to produce respons- 
es. Remember. from a CNS perspective. there are only two 
types of output: somatic motor output through the sensori- 



Questions regarding aifecl/emotlonal tone Ratlngs: Mark the box thal  best represents performance (optlmal performance I s  shaded) 

Does the indlvldual have inlormat~on thal enables decision makmg? No resources 

Does the ~nd~vldual have memory 01 past evenls and exper~ences? No memory 

Is Ihe ~ n d ~ v ~ d u a l  aware 01 the Impact 01 own behav~or on olhers? i No awareness I 
Does the ~ n d ~ v ~ d u a l  lollow "d~splay rules" (cultural norms) ~n sltual~ons? Follows no "d~splay rules" 

Do somatic molor expressions (facial expressions and body postures) and NO match 
ANS oulpul match? 

Does [he Individual use a range 01 laclal expressions, posture, geslures?' I Extremely llmiled I 

Does Ihe ~ n d ~ v ~ d u a l  respond appropr~alely lo nonverbal cues (laclal Underreacl~ve responses 
expresslons, body postures, geslures) 01 others? 

Do emor~onal reacl~ons match s~lual~ons? Eniol~ons weaker than 
s~lual~orial demands 

Does the ~ndlv~dual d~splay approprlale amounl 01. 

a. ANS oulpul Too linle 

b Somal~c outpul 
In relal~on lo slluallonal demands? 

Is the lndlvldual's mood conslslenl w ~ t h  emotional responses?" Mood unchanging; 
s~luations do not allect 
mood 

Descr~be tac~al expresslons, poslures, gestures lhal are lyp~cal ol  this ind~vidual' 

"Descr~be lhe ~ndlvldual s typ~cal mood(s) 

Some resources I 
Some memory 

Some awareness 

Follows some "display 
rules' 

One IS more promlnenl 
lhan the olher 

Some I 
Appropriale responses 

s~luat~onal demands I 
Appropriale I- 
Appropriate I 
Mood consistent with 
emotlons 

SuHicient resources 

Sulhcienl memory 

Sullicient awareness 

Always loilows 
"display rules" 

Somat~c and ANS 
outpul match 

Wide range 

Overreacllve 
responses 

Ernollons stronger Ihan 
s~ lua l~ona l  demands 

Too much 

Too much 

Mood highly var~abte, 
lncons1stenl w ~ t h  
siluatlon, emollonal 
responses 

Table 8-14a. Worksheet to review affect/emotional features of an individual's performance. From Dunn, W. ( 1  991). Assessing human performance related to 
brain function. In C. Royeen (Ed.), Neuroscience foundations of human performance. Rockville, MD: AOTA. Reprinted with permission. 
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Quesllons regarding affect/emotional lone Ratings: Mark the box that best represents performance (optimal pertormance is  shaded) 

Some resources * Suffic~ent resources Does Vie lndlvldual have lnlorniallon that endbles dects~on mak~ng? No resources 

Does Ihe lndlvldual have memory 01 past events and experiences? No memory Sull~cienl memory 

Suff~cient awareness 

I Some memory 

Is the ~ n d ~ v ~ d u a l  aware of the lmpacl of own behavior on others? No awareness Some awareness * 

Does the ~ n d ~ v ~ d u a l  follow "d~splay rules" (cultural norms) ~n s~lual~ons? Follows no "d~splay rules" Follows some "display 
rules" 

Always follows 
"display rules" 

One IS more prominent 
than the other * 

Sornal~c and ANS 
oulpul match 

Do somaltc molor expressions ( lac~al expressions and body postures) and No match 
ANS oulpul match? 

Some * I Does Ihe ~ n d ~ v ~ d u a l  use a range ol  fac~al expressions, poslure, gestures?' Extremely lhm~led W ~ d e  range 

* / Appropr~ate responses Does the lnd~v~dual respond approprtately to nonverbal cues (laclal Underreactwe responses 
expresslons. body poslures, gestures) 01 olhers? 

Overreacllve 
responses 

Emol~ons stronger than 
s~tual~onal demands * 

Emot~ons weaker than I s~ lua t~ona  demands 
Emol~ons match 
siluational demands 

Appropnale 1 Does Ilie mdwdual d~splay approprlale amount ol  

a ANS oulpul Too lhllle 

Too l~tlle 

TOO much * 

b Sornallc oulpul 
In relal~on to sllual~onal demands? Too much 

Is lhe ~nd~v~dual 's  mood conslslenl wlth emollonal responses?" Mood unchang~ng. 
slluatlons do ncl  allecl 
mood 

Mood consistent with 
emollons 

Mood h~ghly var~able, 
~ncons~ster~ l  w ~ l h  
s1tua11on, emotional 
responses 

Descnbe lac~ai expresslons, poslures, gestures that are lyplcal of lhls mdlvtdual 

"Descrtbe the tndlvtduai's typ~cal mood(s) 

Table 8-14b. Worksheet to review affect/emotional features of an adolescent who is meeting a boyfriend's or girlfriend's family for the first time. From Dunn, W. 
(1  991). Assessing human performance related to brain function. In C. Royeen (Ed.), Neuroscience foundations o f  human performance. Rockville, MD: AOTA. 
Reprinted with permission. 



What 1s the ~ndividual's overall level of molivalion lor lunctlonal Low 
perlormance? 

How does the ~nlernal envlronmenl lnleracl wllh level ol mol~valed Conll~cls wllh need lo perlorm 
behavtor? luncllonal lasks I I 
How does lhe exlernal envlronmenl lnleracl wlrh level of mol~valed Confllcls w ~ l h  need lo perform 
behav~or? luncl~onal lasks I I 
How much experience has the individual had with the luncl~onal lask lo None 
develop relal~onsh~ps becween salienl slimul~ and appropriate responses? 

Whal are Ihe characlerislics ol lhe mdiv~dual lnlrlnslc mol~vat~on? 
a need lo asserl oneself Very low need 

b need lo lnleracl wllh olhers Very low need 

c. need lo lee1 compelent/successlul Very low need 

d. need lo oblaln remlorcemenl Very low need 

I HOW D mol~valed behavior manllested? 
a ANS output 

b. Somatic molor oulpul I TOO l~tlle 

Wh~ch IasWenv~romenlal taclors lnteracl w~ lh  lhls Ind~v~dual's level 01 
mowallon 10 pertorm luncl~onal lasks? 

a conlrtbule ro mollvaled behavlor 

D~H~cully ol 
~nlormal~on 
needed In the 
lask 

Medium I 

Ne~lher supporls nor 
conll~cls 

Nellher supports nor 
conlllcls 

Some experience I 
Moderate need 

Moderale need 

Appropriate I. 1 

processed 

Neceswy lor 
conl~nuous/ 
suslamed 
ellorl 

Supports luncl~onal 
perlormance 

Supporls luncl~onal 
perlormance 

A sullicienl amount 

Very high need 

Very high need 

Very h~gh  need 

Very h~gh  need 

Too much 

Too much 

-- 
I 

H~ghly 
mlerlermg 
envlronmenl 

Env~ronmenl 
lhal prov~des 
ongoing 
support 

b ~nterlere w~ lh  mol~valed behavlor I 

Table 8-150. Workshhet to review the motivational features of an individual's performance. From Dunn, W. ( 1  991). Assessing human performance related to 
brain function. In C. Royeen (Ed.), Neuroscience foundations o f  human performance. Rockville, MD: AOTA. Reprinted with permission. 



Whal IS the ~nd~v~dua l ' s  overall level 01 motlval~on lor luncllonal 
performance? 

Hlgh Low I 
How does Ihe lnlernal environment lnleracl with level ol  mol~valed 
behavior? 

Ne~lher suppons nor 
conll~cls 

Neither suppons nor 
conllicls 

Supports funcl~onal 
performance * 

Supporls funcllonal 
perlormance * 

Conllicts w ~ l h  need lo perform 
luncllonal lasks I 

How does Ine external env~ronmenl Interact wllh level ol  mol~vated 
behav~or? 

Conll~cls wllh need lo perform 
luncl~onal lasks 

How much experience has the indiv~dual had with the luncl~onal lask lo 
develop relal~onships between sahenl slimuli and appropriate 

None Some exDerlence A sufficient amount 

Very h ~ g h  need 
Whal are Ihe characler~sllcs of the indlvidual lnlrins~c m o l ~ v a l ~ o n ~  

a, need lo assert oneself Very low need I Moderate need 

b need lo Inleracl wllh others Very low need I Moderate need Very h ~ g h  need 

c need lo lee1 compelenVsuccesslul Moderate need Very high need Very low need i 
d need to oblaln re~nlorcemenl Very low need 

- - - - - - - - - - - 

I 

Moderale need Very high need * 

How 1s mol~valed bellavlor man~lested? 
a ANS oulpul Too l~l l le 1 Appropriate Too much * 

b Somallc molor oulpul Too lhllle 

I I 

Appropriate Too much 

I 
D~lf~cul ly of Amount 01 Amount of time Necess~ly lor 
~nformal~on ~nformal~on lhal the task conl~nuousi 
needed ~n the needs lo be requires suslalned 
task processed ellorl * * * * 

Envlronmenl 
Ihal prov~des 
ongolng 
supporr 

* Whlch lasklenv~romenlal lactors lnleracl w ~ l h  l h ~ s  ~ndiv~dual's level ol  
motlvallon lo perform luncl~onal tasks? 

a conlr~bule lo mollvaled behawor 

Table 8-15b. Completed worksheet to review the motivational features of a therapist who is giving her first inservice. From Dunn, W. (1  991). Assessing human 
reloted to brain function. In C. Royeen (Ed.), Neuroscience foundations of  human performance. Rockville, MD: AOTA. Reprinted with permission. 
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Questions that Elucidate the Contributions of Various Motivational Factors to Task Performance 

Incentive 

Expectancy 

Factor in 
motivation Definition Questions that service providers ask to determine the 

contribution of this factor to motivated performance 

The person needs or What does this person want to do?  
values the goal object What does this person need to do to function in life? 

What behaviors or activities do family values support? 
What types of rewards does this person respond to? 

The person: Have I made a clear link between the activities we are doing in 
1.  Understands that the task therapy and the person's desired goals? 
is relevant to goal attainment Does the person accept that what we are doing will lead to 
2. Believes that the act will goal attainment? 
lead to the goal Are there ways for me to provide external support (e.g., task 

adaptation or environmental modification) to make the relationship 
to goals more apparent? 

Success 

From Dunn, W. ( 199 1). 

The person selects the task What is the person's level of frustrntion tolerance? 
based on the need to Does the person seem to carelnotice when a task is incomplete 
complete the task correctly or incorrect? 

Are task adaptations acceptable to the person, or does the 
person insist on one particular pattern of performance? 

Motivation. In C. B.  Royeen (Ed.), AOTA self s t u d y  s r r i r s  on nrrrr.osc.itwcr~. Rockville. MD: AOTA 

motor systems and autonomic nervous system (ANS) output. 
Somatic motor output is any output in which the voluntary 
muscles move; ANS output includes actions such as secre- 
tion of the glands, activation of the digestive system. or alter- 
ation of heart rate and breathing. 

Let's consider an example. When persons are hungry. 
homeostasis is disrupted. The hypothalamus "notices" this 
disruption and (through higher brain centers) triggers a sen- 
sorimotor response (e.g., opening the refrigerator to pull out 
a leftover vegetable dish). As the person consumes the food, 
the ANS is triggered to act in the digestive process, and all of 
the subsequent feedback to the hypothalamus via the internal 
and external environments leads the hypothalamus to recog- 
nize that homeostasis is reinstated. In service provision. one 
takes advantage of understanding this process by designing 
strategies that either disrupt or facilitate attainment of home- 
ostasis. We wait until a person is cold to work on pulling up 
the covers; we work on eating skills when the person is hun- 
gry; we address reciprocal interactions when the person 
needs something. By taking advantage of the biological and 
contextual supports available, providers and the persons they 
serve have more opportunities to be successful. 

Brody (1983) characterizes these biological processes in 
behavioral terms. He describes three factors that determine a 
person's tendency to perform a task, the incentive. the 

expectancy and the need for success. Incentive refers to the 
person valuing the goal, creating an 'incentive' to perform. 
Expectancy refers to the person's ability to understand that 
the particular task they are performing will help to reach the 
goal. Success refers to the person's need to complete the task 
correctly; those who place a higher value on correctness will 
select simpler tasks. Table 8-1 6 contains a summary of these 
factors and a list of questions that providers can ask to ensure 
they have addressed these factors in intervention planning. 
Table 8-1 7 contains a case example using these factors. 

Motivational Aspects of Common Disorders 
Applying the knowledge from the literature about moti- 

vation to the day-to-day needs of persons who have perfor- 
mance needs is challenging (Dunn, 1991a). It is also disre- 
spectful to consider that one perspective can ever explain or 
solve the challenges persons face. The purpose of this dis- 
cussion is to help the reader consider the possibility of a 
motivational dysfunction as a component of each condition 
(Dunn, 199 1 a). 

Attention Deficit Hyperactivity Disorder (ADHD). 
Barkley (1990) proposed a controversial hypothesis that chil- 
dren with ADHD have an underlying motivational disorder. 
He argues that the inconsistent situational behaviors of these 
children, and if this is indeed a factor, opens up both behav- 



ZASE INFORMATION: Mr. Cassandra has had a slroke. He has a hislory ol be~ng selkelianl and independenl. He has indicaled lo  the rherapisl that he would hke lo 
:arry oul personal hygiene, dressing, and balhing lasks for himself. The lherapisl decides he will work wilh Mr. Cassandra lwice a day. He will visit Mr. Cassandra in 
he morning lo  prov~de input and assislance during his morning rouline, and lhen will work on coordinalion and endurance to support s e k a r e  lasks later in the 
norning. Mr. Cassandra works very hard during Ihe mornlng rouline. He also expresses apprecialion for Ihe adaplalions Ihe lherapisl creates to enable him to partici- 
3ate In sell-care lasks. However, Mr. Cassandra does no1 suslain performance during Ihe lale morning session; he complains and gives up easily, frequenlly collapsing 
3n the ma1 lo resl. Mrs. Cassandra begins spending full days with her husband as he prepares for discharge. Although Mr. Cassandra has developed adapled skills 
3nd endurance lor selfcare lasks, Mrs. Cassandra persislenlly provides so much help lhal he does no1 have to use his skills. 

L\NALYSIS: 
lnlrinsic 
Factors 

Incenlive 

Expectancy 

Success 

Situallon: 
Therapisl and Mr. Cassandra durlng Ihe rnornin~ 
rouline 

Mr. Cassandra expressed a desire lo  lake care of 
h ~ s  own personal hyg~ene and self-care. 

MI CaSSaildra sees the relevance of the therapist's 
Input to h ~ s  aes~red goal, demonslrales highly 
mol~valed behawors to engage in tasks 

Mr Cassandra IS challenged by Ihe problems 
he faces, and wants lo partic~pale in the learning/ 
sk~ll acquis~tion process 

Sltuatlon: 
Therapisl and Mr. Cassandra during Ihe late 
mornlng session 

Mr. Cassandra expressed a desire lo take care of 
h ~ s  own personal hyg~ene and selkare. 

Mr Cassandra does no1 see the relat~onsh~p be- 
tween learn~ng to prop on exlended arm and hand 
as a means to develop background postural con- 
trol for dressmg. 'expeclancy' 1s poor Mr 
Cassandra IS, lherefore, noncompl~ant w~ lh  propplnS 
acllvltles even though the aeslre lo get aressea IS 

great ' 

Allhough Mr Cassandra IS challenged lo develop 
selkare skills, h ~ s  ~nabll~ly lo see Ihe 'expeclancy' 
relat~onsh~p lo  h ~ s  goal leads to d~scouragemenl, 
success a1 lhese sk~lls IS no1 Imponan1 

Siluallon: 
Mrs. Cassandra helplng durlng 
mornlng roullnes" 

Mrs. Cassandra leek guilty lhat her 
husband has had a stroke; her role as 
carelaker of the fam~ly is her lncentlve 
lo be perslslent In provid~ng 'too much 
helo'. 

Mrs. Cassandra knows how lmportanl it 
is lo Mr. Cassandra to be wekgroomed; 
she belleves thal by helping him, which 
speeds up the process, he w~l l  be ready 
lor the day 

Mrs. Cassandra wants lo  avo~d seeing 
Mr. Cassandra struggle; 11 rem~nds her 
that he has a disabllily. 

'1 he lherap~sl has not maae a clear connecllon belween poslural control actlvlt~es and self-care. It is l~kely thal Mr Cassandra will acllvely participate in these act~v~ties 
(demonslrale rnot~vat~on) when ne understands tlle~r importance in supponlng selkare 

"Mrs Cassanara aoes not recognize Ihat Mr. Cassandra 1s challenged by his endeavors to reestabl~sh selfcare skills. She Incorreclly presumes Ihat the outcome 
(be~ng 'ready') IS the most lmporlant feature She IS also unaware of Ihe r~sk Ihal Mr. Cassanara may learn 'helplessness' if he stops be~ng challenged lo succeed. 

Table 8-1 7. Case analysis of individual intrinsic motivation factors. From Dunn, W. ( 1  991). Motivation. In C.  B. Royeen (Ed.), AOTA 
self study series on neuroscience. Rockville, MD: AOTA. 

h) I:: 



ioral and medical interventions. From a behavioral perspec- 
tive, children with ADHD are more in control when they par- 
ticipate alone with an adult (e.g., less inattention. less impul- 
sivity); in groups, misbehavior escalates. In returning to the 
model proposed above, perhaps dysfunction with the internal 
mechanisms that support motivation can be overridden by 
greater external environmental supports (Dunn, I99 1 a). 

From a medical perspective, considering the motivation- 
al system in the CNS offers different medication regime 
alternatives. Barkley ( 1990) discriminates children who have 
hyperactivity from those who do not within the attentional 
deficit population. He proposed that children who have 
hyperactivity (i.e., are aggressive, disinhibited and disrup- 
tive) may have a problem in the dopamine system that serves 
the prefrontal and limbic systems in the CNS. Children who 
are more lethargic may be more likely to have difficulties in 
the posterior association cortex, the hippocampus and the 
feedback mechanisms from higher to lower CNS centers; 
norepinephrine is a more likely neurotransmitter to be 
involved in these centers. These possible neurological differ- 
ences point out the importance of understanding the underly- 
ing mechanisms in functions like motivation as interdiscipli- 
nary teams collaborate to identify the best possible interven- 
tion options (Dunn, 199 1 a). 

Addiction. Addiction might be considered a vigorous 
motivational state (Dunn, 199 1 a). Scientists have had to 
change both the internal and external environments to mimic 
addiction in animal models; for example, prestimulation of 
parts of the hypothalamus enhances the expected external 
performance in animals (Stellar & Stellar, 1985). Some per- 
sons are more prone to addiction than others; perhaps in their 
systems, there is a difference in the optimal conditions for 
responding, in which certain chemical inducements more 
easily trigger responses. Additionally, in the more primitive 
CNS systems many connections are reciprocal, such that 
once the cycle of responding begins, it continues for a longer 
time that would be desirable. Thus, an interaction between 
internal state conditions and the external environment sustain 
the behaviors of addiction. There are certainly other factors 
that contribute to the patterns of addiction; this is one addi- 
tional perspective. 

Schizophrenia. The two phases of schizophrenia (i.e., 
positive and negative symptoms) suggest different neurologi- 
cal disruptions related to the motivational systems (Dunn, 
199 1 a; Sachar ( 1  98%). During positive symptom phases, the 
person has delusions and hallucinations; we believe that over- 
activity of the dopamine neurons in the limbic system con- 
tribute to this biobehavioral state (the limbic system is a key 
structure in the motivational connections of the CNS with the 
hypothalamus). Antischizophrenic drugs block this extra 
dopamine transmission and reduce these positive symptoms; 
this drug intervention may reduce the overactive status of this 

aspect of the motivational system. Negative symptoms include 
low motivation, shallow affect and social incompetence; 
researchers believe that diffuse brain damage has occurred 
when these symptoms are present. Drug regimes are not help- 
ful with diffuse brain damage. Some functional life interven- 
tions supplied by occupational therapy may provide addition- 
al external environmental input to counteract the effects of a 
diminished internal state, enabling some level of motivated 
performance, particularly for activities of daily living. 

Depression. Depression might be considered a dormant 
motivational state; persons display loss of interests and an 
inability to derive pleasure from situations. Brain stem, lim- 
bic system and hypothalamic connections with noradrenaline 
and serotonin neurotransmitters are suspect with depression 
(Sachar. 19853). When these pathways are disrupted, input to 
key motivational structures may be diminished, leading to an 
inability to sustain an internal state that can support motivat- 
ed performance. Drug interventions are extremely effective. 
suggesting that this internal state can be reestablished, pro- 
viding opportunities for responding to the environment more 
appropriately. 

Brain Trauma. Key structures of the motivational sys- 
tem form the walls of the brain ventricles. When trauma 
leads to enlargement of the ventricles (e.g., bleeding into the 
ventricles), these key structures can be disrupted due to the 
pressure from the enlarging ventricles. A person can demon- 
strate a change in motivational capacity or status due to 
internal anatomical and physiological changes such as this; 
careful review of available records can alert a provider about 
this possibility. Changes in motivational status can be 
marked by increased agitation. aggression or a shutdown in 
responsiveness. In persons who do not have an identified 
brain trauma. these changes must trigger further investiga- 
tion through referrals. 

Principles for Designing Therapeutic 
Interventions Based on Affective System 
Functions 

AlTect and emotional tone can either provide strong sup- 
ports or create barriers to performance. The worksheets out- 
lined in Tables 8-14 and 8-15 provide a good beginning 
framework for therapists to design therapeutic interventions. 
Table 8- 18 provides examples of therapeutic intervention 
planning for an adolescent who wishes to work, but who dis- 
plays poorly modulated internal motivation as identified 
from Table 8-1 5. 

SUMMARY 
The CNS is a complex that supports life and its activities. 

The occupational therapist's challenge is to use its principles 
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Ways to Design Therapeutic Interventions for a High School Boy Who Wants to Work But Has Poorly 
Modulated Internal Motivation System 

Performance Possible 
Need and Problems 
Neurological (data from Restorative Adaptive Alter Preventative 
Correlate Table 8-17) Interventions Interventions Interventions Interventions 

Ryan wants to Ryan displays a Work with Ryan 
work: disruption in high need to assert and manager to 
connections of the himself identify stocking 
hypothalamus are plans for sections 
leading to poorly of the store 
modulated internal 

Ryan displays a Schedule work 
motivation (see 

high need to inter- during peak traffic 
Table 8- 17) 

act with others times to improve 
number of chances 
for Ryan to have 
contact with others 

Ryan displays a 
low to moderate 
need to feel com- 
petent and suc- 
cessful 

Assign a pre- 
scribed pattern for 
the stocking task 

Locate a large gro- 
cery store for 
Ryan's employ- 
ment 

Ryan displays a 
low need to obtain 
reinforcement 

to help persons whose CNS is disrupted to use activity in 
context. This is the essence of occupation. 

This chapter only addressed a few of the key features of 
CNS operations that support or create barriers for perfor- 
mance; there are many neuroscience texts that provide infor- 
mation on these topics in more depth (e.g., Kandel. Schwartz 
& Jessel, 1991). As a closing exercise, let us look at one con- 
stellation of neurological problems and the intervention pos- 
sibilities that emerge with that neurological status. Table 8- 
19 provides a summary of the CNS structures that are affect- 
ed when the middle cerebral artery is infarcted (we are using 
the right middle cerebral artery in this example). The Table 
summarizes the possible clinical problems that would 
emerge from this insult, and then offers functional life inter- 
ventions using the restorative (i.e., remedial) and adaptive 
(i.e., compensatory) approaches. Using this process, the 
provider can make links between the neurological correlates 
and behavioral implications, and expand thinking about 

intervention options for persons who have performance 
needs to help them achieve their objectives by tapping the 
exquisite potential of the CNS as they live fruitful lives. 

STUDY QUESTIONS 
1 .  Explain why the arousal/alerting and discrimina- 

tion/mapping are necessary for normal performance. 

2. Why is centrifugal control a critical feature of sensory 
processing? 

3. Describe differences in performance difficulties with 
disruptions in the motor systems. 

4 .  Design one of each intervention for a cognitive diffi- 
culty using the EHP framework. 

5. Identify three intervention strategies for someone who 
is a "sensation seeker." 



R~ght  precentral gyrus, prlmary motor Weakness or clums~ness on the left side. 
particularly of !he face, arm, and hand 

Fibers leaving lhe lateral genlculale body: 
Meyer's loop 
Optic radiations 

(These tlbers run deep within the 
lemporal lobe en roule to the occipital 
lobe) 

Rlghl postcenlral gyrus, prlmary sensory 
cortex 

Visual field loss, possibly a full homonomous 
hernianopsis 

Sensory loss on the lefl side, particularly of  
the face, arm, and hand; sensory loss tends 
to involve touch pressure and proprloception 
more lhan pain and temperature 

Assoc~ation cortex (Parieto-occip~lo- 
lemporal region) 

Basal ganglia slruclures (deep In the I Diflicully wllh movement; apraxla along wlth 
cortex ot the middle cerebral artery sensorimotor losses 

lmpa~red spatial perceplion, which manifests 
in difficulty copying, finding the way In the 
building. or putllng clothes on properly-may 
neglect the left body side 

Posterlor Ilmb ot the internal capsule 
(contains Ihe sensory and motor 
pro~ect~ons) 

region) 

Same as sensorimotor areas above 

Use large-handfed ulenslls l o  make it easier 
lo grasp; use light containers so weakness is 
not a barrier; find one.handed alternative lor 
tasks 

Create actlvilies that require more activity 
wlth the right side. lo minimize the effects 01 
sensory loss on lhe performance of specific 
lasks 

Place all objects in the righl visual field so 
the lndivldual does not have to manage the 
vlsual field loss 

Provlde a higher level ol  supe~ i s l on  to 
rnainlain safely 
Alter placement ol  personal hygiene 
materials on sink to minimlze confusion (e.g., 
only one lhlng on Ihe sink at a lime) 
Adapt clothing lo provide cues 

Provlde envlronmenlal cues lo prompt Ihe 
individual In movement routines 

Place objects so the Individual can prop 
wilh the lefl arm while performing tasks 
wilh the rlght hand and arm 

Use lighler-fittlng clolhing during the day 
lo Increase touch pressure and 
proprloceptive Input to the limbs during 
acllvity 

Create opportunlties for the individual to 
reposition the head lo maximize use of 
intact visual lleld (0.g.. turn head lo the 
left) 

Systemalically increase the number and 
arnounl of objects l o  deal with at the sink 
tor personal hygiene 
Provide verbal cues lo prompt correct 
donning ol clothing 

Provide rich sensorimotor experiences to 
reestablish body schema and abillly lo 
organlre body movernenls 

I 

Table 8-19. Completed worksheet to analyze the neuroscience and intervention issues for an infarction to the right middle cerebral artery. From Dunn, W. (1 991). 
Assessing human performance related to brain function. In C .  Royeen (Ed.), Neuroscience foundations of human performance. Rockville, MD:  AOTA. Reprinted 
w i t h  permiss ion.  
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