Understanding Sensory Processing


“Understanding Sensory Processing” is an information packet written by Lynn Kitchens M.S. OT/L, an Occupational Therapist in Chesterfield County Public Schools.  The packet is designed to assist teachers and parents as they seek to understand their child with sensory issues.  Lynn begins with several short scenarios to introduce you to some of the behaviors that can be attributed to sensory modulation issues.  She then introduces you to Danny, a young man with sensory integration dysfunction.  In the scenario you learn how setting events, like brushing your teeth with toothpaste that makes your mouth feel like it’s on fire and a loud bumpy bus ride, can affect the successful start to a day.  The packet then describes some signs of sensory integration dysfunction and gives a working definition of sensory integration and sensory processing.  Lynn then describes sensory modulation and introduces you to two girls to help you understand how sensory modulation can affect students in the school environment.  She also describes our sensory systems and defines sensory processing issues.  The packet ends by describing some interventions that can be used to help children with sensory processing issues be more successful in the school environment.  If you would like more information on sensory processing issues please visit the T/TAC library or search the library resources at http://www.vcu.edu/ttac/, or call (804) 827-1414.    


Is this student in your class?


Every math sheet ends up crumbled in Paul’s desk.


Tomeka never follows directions the first time.


Susan can’t remember what she has read by the time she gets to the end of the page.


Carlos can’t make it through an assembly.  It usually results in a “melt-down” when we go to the gym.


Trying to get Tyron to leave the block center is difficult.  Even after several months of school, he still is unable to transition to another center without “losing it.”


Michael tends to walk the perimeter of the playground when the class goes out for recess.  He seldom plays with other children.


Jillian is the first one finished with her art project but her cutting is choppy and she is missing pieces.  Glue is all over the table when she is finished.


Bryan is up and down from his seat a “thousand” times a day.  He needs to sharpen his pencil, get a drink of water, throw something in the trash can, visit a neighbor, close the door, open the door, get something from his locker, take something to the office, and the list goes on…


Let me introduce you to Danny, a first grade student whose classroom performance concerns his teacher. His teacher wonders why he has a difficult time settling into the morning routine.  She says, “He never follows the directions the first time.”  “I have to call his name several times to get his attention.” “Danny is always three sentences behind during reading.”  

 Danny is challenged by sensory experiences that most of us don’t even think about.  He has been engaged in a battle with his mother over brushing his teeth (that peppermint toothpaste makes his mouth feel on fire).  The school bus pulls up and he runs to his seat and covers his ears as he prepares for the ride.  In his heightened state, he becomes more aware of his new shirt with the scratchy tag and collar.  On the way to school, his classmates laugh and yell to each other over the roar of the engine. All of this increases Danny’s agitated state.  He hums to himself as the bus heads to school.  By the time Danny arrives at school, he is wound up and ready to unravel.  He pushes and shoves a little boy as he gets off the bus.  He runs through the hallway to his classroom, shoving and pushing children along the way.  He throws his book bag on the floor by the coat closet and heads to a learning center.  

What are some signs of Sensory Integration Dysfunction?

( Overly sensitive to touch, movement, sights, and sounds

( Under-reactive to touch, movement, sights, or sounds

( Easily distracted

( Social and/or emotional problems

( Activity level that is unusually high or unusually low

( Physical clumsiness

( Impulsive, lacking in self-control

( Difficulty making transitions from one situation to another

( Inability to unwind or calm self

( Poor self-concept

( Delays in speech and language

( Delays in academic achievement

( Generally disorganized

( Short attention span

( Easily frustrated

( Problems with motor planning

( Lack of a definite hand preference by age 5

( Resistance to novel situations

Do any of your students have problems learning?  Do they exhibit a number of the above behaviors?  Then read on…

What is Sensory Integration?

Sensory integration is a theory about how individuals neurologically process and organize sensations from the body and the environment and use that information to act effectively within the environment. The “use” might be a learning process, development of a new skill, or a response to a new challenge.

Everyday we receive a great deal of information from our senses.  We use this information to organize our behavior and interact successfully in the world.  Our senses give us information about the physical status of our body and the environment around us.  If one or more of our sensory systems are not “effectively” processing sensory information then we might have difficulty responding to the demands of the environment or learning a new skill.

The concept of sensory integration comes from a body of work developed by Dr. Jean Ayres.  As an occupational therapist, Dr. Ayres was interested in the way in which sensory processing and motor planning disorders interfere with daily life skills and learning.  This theory has been developed and refined by Dr. Ayres, as well as by many other occupational therapists that have followed in her footsteps.  In addition, literature from the fields of neuropsychology, neurology, physiology, child development, and psychology has contributed to theory development. 

In the book, Sensory Integration and the Child, Jane Ayres writes,

“Sensations flow into the brain like streams flowing into a lake.  Countless bits of information enter our brain at every moment, not only from our eyes and ears, but also from every place in our bodies.  We have a special sense that detects the pull of gravity and the movements of our body in relation to the earth.

The brain must organize all these sensations if a person is to move and learn and behave normally.  The brain locates, sorts, and orders sensations – somewhat as a traffic policeman directs moving cars.  When sensations flow in a well-organized or integrated manner, the brain can use those sensations to form perceptions, behaviors, and learning.  When the flow of sensations is disorganized, life can be like a rush-hour traffic jam.” (Ayres, 1979, p.5)

Possible Causes of Sensory Integration Dysfunction:

 Genetic or hereditary predisposition

 Premature birth

 Birth trauma 

 Autism and other developmental disorders

 Postnatal circumstances - lack of sensory experiences which may interfere with Central 

 Nervous System (CNS) development

However, most often we don’t know the cause.  Current diagnostic tools cannot detect a specific lesion or injury.  Rather, there appears to be a “short” in the system that interferes with the CNS’ ability to process information.

What is Sensory Processing?

Sensory processing is the organization within the Central Nervous System (CNS) of sensations from the body and/or environments for use.  Sensory processing is comprised of five interrelated components:

Sensory Registration – initial awareness

Orientation – selective attention to the new sensation

Interpretation – integration of input

Organization of a Response – determination of a cognitive, affective, and/or motor response

Execution of a Response – performance of the cognitive, affective or motor   

response

Our brains must organize this information so that we can function in everyday situations such as at home, in the classroom, on the playground, or during social interactions.  The complexity of these interactions is illustrated by the following example:  “Johnny, please put on your coat.”

1 – Focusing your attention (initial awareness) on the person speaking and hearing what they say.

2 – Screening out other incoming information going on around you. Orient to the sensation, in this case the person talking.

3 – Seeing the coat and adequately making a plan as to how to begin.  You have to use current information and past experiences to interpret the sensation.

4 - Seeing the armhole openings and sensing muscle and joint position (which allows you to know where your arms are and where to put your arms in relation to the coat sleeves).

5- Adequate motor planning and fine motor skills to orient the coat correctly and enable you to zip or button your coat.

Most of the time with sensory processing we register, orient, interpret, and execute a response that is well matched to the situation.  When our performances are effective, the information coming in matches our intent. This is called an adaptive response. An adaptive response signifies that a child has been successful in meeting a challenge in his environment.  Adaptive responses come from within a child.  As a child learns new activities he modifies his behavior to incorporate the integration of new sensory information. (Ayres, 1979). Usually by the time a child enters school, sensory integration is well developed.

Sensory processing can also be discussed or classified in terms of a person’s sensory threshold. This awareness or registration of sensory input is the point in the integration process where we “know” we have touched, tasted, smelled, etc.  The threshold is that point at which the cumulative sum of sensory inputs activates the central nervous system.  A person’s threshold is variable and can be impacted by the time of day, the degree of stress, physical health, and previous sensory experiences.  Sensory thresholds occur on a continuum.  Most children modulate their sensory threshold in the mid-range of the scale.  Based on particular situations, children may approach low or high thresholds with resulting shifts in behaviors and attention.  Behavior is based on the accumulation of sensory input.  The table below further explains sensory threshold.

                       Neurological Threshold Continuum *

   Low 






              High

(Increased Sensitivity)




(Decreased Sensitivity)
(((((((((((((((((((((((((((((((((((((
Hypersensitive, Overreactive



 Hyposensitive, Underreactive

  Sensory Avoider




              Sensory Seeker

May experience:




        May experience:

(  Distress with sound



       (  Lack of attention to sound

(  Sensitivity to light




       (  Decreased awareness of pain

(  Discomfort with certain textures


       (  Disregard of persons or things









 in the environment

(  Smell and taste aversions





(  Insecurity with heights and movement
       (  Delayed reactions and       

      







responses

(  Increased startle response


       (  May appear bored

(  Inability to focus attention




     

It is important to remember that these are not static states for children.  WE all shift along the continuum from one day to the next or even one situation to the next.  Being a good “detective” requires us to understand children’s need for sensory input that will provide for their optimal level of alertness.  

* Adapted from Myles, B.  Asperger Syndrome and Sensory Issues. 2000.
                                          Sensory Modulation

Some sensory messages can have a facilitating effect or some sensory messages may be disregarded or inhibited.  Everyday we receive millions of sensory messages.  If the sensory input is not relevant to one’s current situation, then the brain “inhibits” the information.  When the nervous system has difficulty regulating the sensory information it receives, the result may be a sensory modulation disorder. Sensory modulation disorders usually result in atypical behaviors, exaggerated responses, or avoidance behaviors.  Sensory modulation disorders can take the form of hypersensitivity (sensory avoidance) or hyposensitivity (sensory seeker) (Dunn, 1999).  For example, a child who has a tendency to a high sensory threshold may appear lethargic or inattentive.  In contrast, a child who leans toward a low threshold may appear overly excitable or hyperactive.  These children might have difficulty completing tasks because they are unable to screen out irrelevant sensory information.   Problems with sensory modulation occur at lower levels of the brain, and could involve the limbic system.  The limbic system controls behavior and is essential to self-preservation, motivation, and emotional well-being.  When modulation is intact, the sensory system responds to some sensory input and disregards other.  For example, a child can work in the classroom without being bothered by the noise of other children on the playground; he can stand in the lunch line without being disturbed by the person in front or back of him; he can go to the gym for PE without being concerned by the wide open space or vibrating sounds; he can work for extended class time at his desk without needing the teacher to redirect him.  In all of these examples the child’s brain efficiently processes sensory information in order for the child to respond appropriately.   The brain has analyzed, organized and interpreted the sensory information for the child to make an appropriate adaptive response.

How Modulation Affects A Child’s Behavior (excerpt from Kranowitz, C. p. 45)

 A Child with Normal Sensory Processing:  During recess, Susan, age seven, plays jacks.  She ignores the cold pavement because she is very interested in the game.  However, her hands are cold, too, so she doesn’t play well.  The first time she fails to scoop up the jacks, she’s disappointed.  The second time, she’s annoyed.  The third time, she thoroughly frustrated.  She stands up and says, “I’m going to jump rope.”  Jumping for a few minutes warms her up and calms her.  After recess, Susan returns to her classroom and is attentive until lunchtime.

 A Child with Sensory Processing Dysfunction:  Beth, age seven, is playing jacks.  She can’t concentrate because the cold pavement distracts her.  On her first two turns she has trouble scooping up the jacks.  Beth tries again, but her hands are too stiff.  Suddenly she explodes and screams, “I hate jacks!”  She jumps to her feet, kicks the jacks into the grass, and leans against the building crying uncontrollably.  Unhappy for the rest of the morning, she can’t calm down to attend to the reading lesson, and she refuses to eat lunch.
The Sensory Systems

The sensory systems are involved in the planning and execution of purposeful, goal-directed movement.  They are the “starting points” for delivering messages to the CNS.  We use our senses to guide, modify, learn, and adapt to our environments in order to achieve a desired outcome.  Sometimes our senses tell us something isn’t right like when a spider is crawling up our arm; or sometimes our senses tell us that life is good such as when you see a beautiful sunset.  Our senses must work together effectively for us to respond accurately.

Five basic senses – these are the senses that respond to information from outside of our bodies

(  Smell 

(  Taste

(  Hearing

(  Vision

(  Tactile (touch)

However, there are two additional senses –


(   Vestibular (balance)

(   Proprioception (body awareness)

SomatoSensory Receptors provide body-oriented sensory input and perception.  They include the tactile, vestibular, and proprioceptive systems. 

Tactile System (touch)
( Function – provides information about the environment and the qualities of objects

   (temperature, pain, pressure, vibration, texture) 

· gives information regarding bodyboundaries 

·  helps us build a  “map” of our bodies that forms the basis for body image along with proprioception

( The skin is the body’s largest sensory receptor.  Areas of greatest density include the mouth, hands, and genitals.

( The tactile system is the first sensory system to develop in utero and the most mature system at birth

( The tactile serves the function of both protection and discrimination. 

Protection is provided through tactile receptors that are activated by pain, changes in temperature, light touch, and contact with the skin. The protection function helps to keep us away from danger. This component is strongly influenced by our state of arousal and how we “feel” about being touched.

Sometimes light touch is alarming as when a spider is crawling on our arm, or comforting when a special person caresses our arm.  A protective “fright, flight, or fight” response may be generated in response to the incoming sensory information. 

Discrimination is the “aha” system.  This system develops over time in order to   allow us to differentiate various textures, contours, and forms by touch.  It provides information about where touch occurs (on the arm not the back of the leg); whether the touch is light or heavy; and the attributes of the object.  This discriminative capacity is important in planning movements in order to manipulate objects and learn about our environments.  As a child matures the discriminative system should take a primary role.

Vestibular System (balance)


(  Function – regulates muscle tone 


           postural stability


           balance and equilibrium



speed and direction of movement



ocular-motor control/visual perception



arousal and attending levels



emotional state



bilateral coordination


(   It is one of the first systems to become functional.  In the full-term neonate 


      it is quite mature.  For example gentle rocking tends to be soothing to an


      infant and fast arrhythmic movements tend to increase overall activity level.

· Receptors are in the inner ear through which sensory messages pass. 

     Movement and gravity stimulate these receptors.  According to Dr. Ayres, gravity

      is “the most constant and universal force in our lives.”  The vestibular system    

     helps gives us a consistent frame of reference.

Proprioceptive System (body position)


(  Function    - tells us about our own body movement and/or body position


- forms body awareness


- provides the basis for motor planning (praxis)



- helps with grading of movement – how much force should you exert in 



   tasks       


- provides postural stability


- provides emotional security


- forms the basis for body image along with tactile input




- is essential for balance reactions along with vestibular input        




   and visual input


(  Receptors in the muscles, tendons, and joints provide the perception of   

              movement and position of the body in space

· Forms the basis for body image along with tactile input


( Essential for balance reactions along with vestibular input and visual input

Sensory Processing Issues
Tactile  Defensiveness:  It is an exaggerated aversive or negative reaction to tactile stimuli that is typically perceived as nonthreatening to most people.  It is the inability to appropriately interpret the affective (emotional) meaning of touch within the context of the situation and in a way that is meaningful for use. Tactile defensiveness is typically considered to be a sensory modulation disorder. Tactile hypersensitivity can impact all areas of functioning both at home and school.  Behaviors that might be observed in the child who is tactile defensive: 


(  avoids certain textures of clothing, styles, or fabrics


(  prefers short sleeves and shorts


(  prefers long sleeves and pants to avoid having skin exposed


(  prefers standing at the end of a line to avoid contact with other children


(  avoids play activities that involve contact with other children


(  prefers a hug to a kiss


(  overreacts to a physically painful experience such as a minor scrape


(  walks on tiptoes


(  dislikes hair washing


(  over reacts to specific soaps (might seem abrasive)


(  picky eater


(  unusually fastidious- resists activities because of the way it “feels”

· responds aggressively to light touch of the arms, face, or legs 

The opposite of tactile defensiveness is, Tactile Hyposensitivity:  Children who are under-responsive to touch may not feel or notice touch unless it is deep pressure.  Often times these children are slow to respond. These children might seem clumsy.  They may not realize when they are standing on the edge of the stairs.  They might be messy eaters or not notice their runny nose.  Children who are hyposensitive in the tactile area are often sensory seekers.

Proprioception Dysfunction:  A child with poor proprioception may have motor clumsiness as he has difficulty interpreting sensations about his body position. Manipulating objects may be difficult as he is unsure how much pressure to exert.  Behaviors that might be observed in the child:


(  holds crayons or pencils tightly


(  breaks objects – eg. pencil points, toys


( “bumps” and “crashes” into objects


(  chews on shirt collars, toys, gum


(  kicks his heels against chair legs


(  leans on the table or desk for support, poor posture,


(  sits on the edge of the chair with one foot flat on the floor

(  unable to distinguish “social space” - eg. hangs on you, walks into you, gets

     in your personal space

( “messy” written work

Motor Planning (Praxis):  Praxis is the ability to plan and sequence unfamiliar motor actions.  It consists of 3 components: ideation, organization, and execution.  Children who have difficulty with praxis are identified as somatodyspraxia.  This is a disorder of encoding new, as opposed to habitual, motor response strategies accompanied by a disorder in tactile discrimination.  It is believed to result from impaired tactile and proprioceptive processing.  A child with somatodyspraxia may have trouble learning new tasks, but once learned and performed as part of the daily routine, the task can be performed with adequate skill.  Skill is often acquired in specific activities, but the skill does not generalize to other similar activities.  Therefore what happens is the child must learn each part of the task as though it were a totally new task.  The following behaviors might be demonstrated:


(  clumsiness


(  poor body scheme


(  difficulty with sequencing and timing


(  slow in learning activities of daily living such as shoe tying


(  handwriting deficits


(  prefer talking to “doing”


(  problems in gross motor sports


(  disorganized approach to tasks


(  easily frustrated; avoids new situations

· difficulty with fine motor task

Vestibular Hypersensitivity:  Individuals with vestibular hypersensitivity react negatively or emotionally to vigorous movement or even the possibility of being moved.  Because the child is unable to regulate movement sensations the vestibular system goes into overload.  There are two main problems:

  Intolerance to movement:
 Behaviors displayed:


( avoids certain movement activities


( avoids rotational activities


( disoriented after bending over


( overly excited after a movement activity


( turns the whole body to look at you



( autonomic responses such as nausea, vomiting,  dizziness,



   vertigo, irregular respiration, sweating, or color change might

                         occur 

Gravitational Insecurity:  An excessive fear of new positions or postures, particularly when feet are no longer in contact with the floor or ground.  Those with gravitational-insecurity have an emotional or fear reaction that is out of proportion to the actual threat or danger of the vestibular-proprioceptive stimuli or the position of the body in space.  Behaviors that might be displayed:


(  avoids activities which challenge balance such as bike     


    riding, swinging, climbing






(  shows fearfulness in space (going up a slide, see-saw, or 

                                    steep stairs)




(  demonstrates poor balance in motor activities


(  shows fear of heights




(  avoids bumpy or uneven ground



(  seeks sedentary play options



(  avoids playground equipment or moving toys

(  overreacts with a “flight, fright, fight” response

Vestibular Hyposensitivity:  At the other end of the continuum, children may be hyposensitive to movement experiences.  These children have an increased tolerance for movement activities.  Behaviors that may be observed:

               (  trouble sitting still; the need to keep moving

     
(  vigorous rocking back and forth

    
(  a “bumper and crasher”

     
(  a “thrill seeker”

     
(   twirls or spins for lengthy periods without getting dizzy

    
(  enjoys swinging high for long periods of time

Interventions for Sensory Processing Issues

A child’s response to sensation may impact his ability to complete self-care, play, and school tasks. (Anderson, 1998).  In order to learn, children must be able to process information without going into “shut down” or “overload”.  The sensory environment should be considered by teachers and parents to help maximize a student’s participation in school, home and play activities. (Appendix A). The goal is to provide “just right challenges” for the child. The sensory environment includes not only the physical environment, but also the interaction styles and learning activities occurring in the classroom (Huebner, 2001).  Using more visual or nonverbal communications may alter interaction styles. Visual aids as well as visual schedules can help support learning activities.

The classroom environment can also have a strong impact on the student’s ability to attend.  Look around the classroom for sources of sensory overload.  Simplify, simplify, simplify.  Minimize visual distractions by avoiding dangling artwork or using study carrels.  Eliminate clutter on the bulletin or blackboards.  Use incandescent lamps to decrease glare and eye strain.  Desktops, tile floors, and painted walls all reflect sound.  Decrease extraneous noise in the classroom by using discarded tennis balls on chair legs or having an exchange basket for sharp/dull pencils.  Some students find the classroom overwhelming at times.  You may see a student “erupt” for no apparent reason and then wonder why you didn’t see it coming.  For the student whom needs a little extra space, try having him line up at the back of the line where other students won’t easily bump him.  Have one or two spots in your classroom where a student can sit alone.  It might be a cardboard box, a beanbag chair, or an old bathtub loaded with pillows. Plan movement breaks between activities to allow for sensory breaks.  Try a Wiggle Walk as students transition between “circle” time and seatwork. (Chesterfield County, 2000).  Recognizing the environmental demands of the school setting allows for effective strategies to be utilized in order to optimize a student’s readiness to learn.

Self-Regulation

Williams and Shellenberger (1996) defined self-regulation as the

 “ability to attain, maintain, and change arousal appropriately for a task or situation”(p.1-5). The Alert Program developed by Williams and Shellenberger is based on arousal theory and is designed to help a student learn self-regulation.  Through a group format, the Alert Program helps children recognize their arousal state, identify sensorimotor experiences that change their level of alertness, and monitor their alert state in varying environments.  The program was originally designed for children 8-12 years of age with learning disabilities.  It can be adapted to other age groups and populations. The analogy of a car engine is used to introduce concepts of self-regulation to children. By teaching children simple changes to their daily routines (such as listening to calming music or taking a brisk walk), children learn how to keep their engine “running just right.” A variety of visual supports are provided to children to help determine “how their engine is running.”  The program uses a cognitive approach to teach self-regulation.  Sensory motor experiences are also a part of the program.  Williams and Shellenberger encourage adults to become good “detectives” by developing an awareness of their own sensory needs and sensory strategies (Appendix B). 

Sensory Diet 

The term sensory diet was coined by Wilbarger and Wilbarger (1991) to look at a child’s sensory preferences and dislikes.  A sensory diet identifies the requirements necessary for an optimal level of alertness and what activities might be necessary to support that level of arousal. It looks at the type and amount of sensory input a child receives throughout the day. It is “not a specific intervention technique; rather, it is a strategy for developing individualized home programs that are practical, carefully scheduled, and based on the concept that controlled sensory input can affect functional abilities “(Bundy, p. 339). Activities chosen might look at providing proprioceptive, vestibular, tactile or oral-motor input. Some sensory input may be of low intensity and short duration like chewing bubble gum or may be of high intensity such as jogging.   The sensory diet can be used to calm or alert a child before, during, or after activities (Anderson, 1998). Activities can be provided as part of the child’s daily routine.  Careful observation is required to see how each child responds to specific sensory input.  Children respond differently from each other and in different situations.  What calms one child may agitate another child or what works at school may not work at home.   Sensory diets are not “a one-size-fits-all recipe” for sensory input. Therefore a sensory diet is specific to each individual child who needs one. In developing a sensory diet, the first step is to collect data that identifies how a child responds to sensory input as part of the daily routine of school and home. The Sensory Profile (Dunn 1999) is a tool used by occupational therapists to assess the effects of sensory processing on daily life skills.  It is important to have a professional with knowledge of sensory integration and theory participate in developing sensory diets. The following are examples of different sensory system input and their impact on arousal levels.

Calming Activities




Alerting Activities
                 (Inhibit)





     (Facilitate)

Rhythmic movement



    Fast arrhythmic movement

Rocking





    Bouncing/Jumping

One direction





    Multi-directional

Deep pressure




    Light touch

Wear something warm



   Touch something cold

Soft lights





    Bright lights, much color

High similarity




    High contrast

Quiet, slow tempo




    Loud, fast tempo

Mild flavors





    Salty, citrus, sour foods

Sucking from a straw



    Chewing, crunching

Soft voice





    Loud voice

Classical music




    Music with varied pitch and beat

Predictable




               Unpredictable

The Tool Chest for Teachers, Parents, and Students (Henry Occupational Therapy Services, 1998) is designed to be used with students age 4-13, individually or in groups.  The resource provides 26 activities to assist children in focusing, improving self-esteem, improving fine motor abilities, and monitoring behavior.  It incorporates a variety of sensory strategies that can be part of everyday home and school activities.  Sensory Integration Tools for Teens highlights sensory integration and processing strategies geared toward teens. 
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