
“Brain Harmony is AMAZING! Our son has experienced outstanding (almost 
  unbelievable) progress in their care. They have effectively changed the trajectory 

  of our son’s life. As a result, he is a happier, healthier little man with a very
  hopeful perspective on his issues. We are immensely grateful and will forever

  hold Brain Harmony in the highest regard.” - Cooper’s Mom

Cooper struggled at home, on the playground and at school. He was so sensitive to 
sound, he could not participate in basic childhood activities, like birthday parties. 
A popped balloon or the neighbor’s barking dog would create a level of hysteria 

that left him and his Mom exhaused.
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Why Brain Harmony?
With over 20 years’ experience, Brain Harmony has created unique 
protocols when combined with Integrated Listening Systems’ prod-
ucts, which produces accelerated results. This combined approach is 
based on changing our brain – we can essentially rewire it through 
specific and repeated stimulation, a concept known as neuroplasticity. 
As in building strength and endurance with physical exercise, we 
can also build neurological pathways and synaptic activity at any 
age or in any condition. 
It’s All About the Results
At Brain Harmony we pride ourselves on delivering results and we 
will work very hard to help your family.  Our programs are custom-
ized to fit your unique needs in the convenience of your own home. 
Traveling to a clinic is not required.
Generally, we see positive results for our friends with most neurode-
velopmental needs with two modalities: 
The Safe and Sound Protocol (SSP) is a 5 day therapeutic 
modality that reduces auditory sensitivity but, more importantly, 
calms the parasympathetic nervous system.  Often we find our 
friends with any type of neurodevelopmental issue, large or small, 
are in a constant state of fight or flight.  They are constantly on edge 
or anxious.  By starting with SSP, we calm the social and 
emotional state, thereby allowing our friends to be receptive to 
therapeutic modalities.  Interestingly, when we “calm the nerves” 
we can see many gains after SSP.  Gross motor and fine motor skills, 
eye contact, engagement and reduction of auditory sensitivities may 
all be exhibited, after listening for one hour a day for 5 days consec-
tually.  The total cost of SSP is $395 and includes a selfadministered 
pre test, post test, shipping to and from, and video 
conference support with a licensed therapist. 
Focus System – this is the real brain changer.  iLs retrains areas 
of the brain involved in learning, communication and movement.  
With this system, a listening program is crafted specific to you.  The 
Focus System comes with over 240 hours of therapy.  We will 
support your family listening through video conferencing with a 
licensed therapist.  Typically, the cost of this program is $260 a 
month administered as a month to month lease that you may opt 
out of at any time. 
Proven Results and Satisfied Families
Our web site contains a knowledge library which includes research, 
case studies and family success stories. Our program, when com-
bined with these tools, changes standardized scores.  We receive 
family reports of success on a daily basis. We have found no other 
modality that produces outcomes as quickly and efficiently as iLs’ 
products.
Process
We ship your equipment and assign a licensed therapist. Included in 
your purchase is 6 hours of coaching via video or telephone confer-
encing. Your therapist will also be available to you via text and email 
for any questions or concerns throughout your listening program. 
The therapist will guide you step by step through using the equip-
ment and finding the program that will best suit your needs.
How do I get started?
Call Brain Harmony at 888-272-4650, to speak with a trained specialist 
today!

Sensory Processing Disorders
Occupational Therapists are the founders and pioneers of sensory integration 
(i.e., the brain’s organization of sensation for use) which is viewed as integral to 
the child’s successful performance of daily occupations (Ayres, 1979; Parham, 
2002). Problems with sensory integration (SI) may affect not only a child’s 
physical enactment of activities, but also his or her feelings of competency in the 
context of social participation. One of the most fundamental ideas in the SI con-
ceptual framework is that the early developing, body-centered senses (tactile, 
vestibular, and proprioceptive) provide a foundation for the development of later 
maturing visual and auditory systems (Ayres, 1972, 1979). In her synthesis of 
neurobiological and developmental research, Ayres theorized that early develop-
ment and integration
of the tactile, vestibular, and proprioceptive systems allow for the formation of 
body scheme, object concepts, and body-centered spatial mapping of the envi-
ronment. These elementary functions eventually become automatized and serve 
as a platform for the layering of more complex auditory and visual functions 
(Ayres, 1972, 1979; Smith Roley, 2005).

Co-Founder of Brain Harmony which specializes in sensory integration, Carol 
Garner-Houston OTR/L, had the following to say about iLs listening programs, 
“After 22 years of study and practice in occupational therapy and sensory 
integrative approaches, iLs listening programs are delivering the highest level 
of outcomes and performance in the treatment of sensory processing disorders. 
Children and families are no longer provided with compensatory strategies 
with short term impact. We are providing the deepest level of neurological 
organization to the most primitive levels of the central nervous system. This 
is real integration that everyone from the child, to family members and their 
teachers can see right before their eyes. It’s an OT’s dream to be able to provide 
outcomes like these.”

“I notice that he has been making more eye contact. He also hugged his dad 
back, which never happens. He also used his own money to buy his sister a 
necklace and then gave her a hug for the first time ever!” – Mom of child with 
sensory processing disorder

“My son has been more settled than he’s ever been and he did really well on an 
assessment for his new school for Kindergarten.” –Mom of child with sensory 
processing disorder

“The past 3 weeks our daughter has been so much more affectionate than she 
has ever been! She wants to snuggle right before nighttime and has even asked 
specifically for snuggles from her dad. It’s so nice! We are finding that she is 
regulating her emotions much better. She is also louder and more appropriately 
verbal. We are very encouraged and my husband truly feels that the ‘flood 
gates’ are about to open in terms of her sharing what she is thinking/feeling or 
maybe telling us about her day at school (she is currently in extended school 
year). She hasn’t ever been conversational and this is something we really want 
and hope for. Thank you and everyone at Brain Harmony for all the wonderful 
improvements!”

 



 

 
 
 

COORDINATION, BALANCE, SENSORY MODULATION 
Directly connected to the cochlea of the inner ear, the vestibular system is responsible 
for balance, coordination, muscle tone, rhythm and awareness of the body in space. It 
plays a key role in organizing motor output and posture. The vestibular system, along 
with proprioceptive inputs, also has a strong impact on attention and emotional 
regulation. Once these systems are functioning well, children are better able to 
participate in higher brain functions such as reading, writing and expressive language. 
Brain Harmony programs provide specific and comprehensive stimulation to 
the vestibular system through bone conduction delivered via headphones, with activities 
customized by your certified Occupational Therapist.  

 
CALM, SELF- 
REGULATION 
The autonomic nervous system 
(ANS) controls many organs and 
muscles that work in an 
involuntary, reflexive manner. 
The ANS is important in 2 
situations: emergencies that 
require us to "fight" or to take 
"flight'' (the sympathetic SNS) and 
non-emergencies that allow us to 
"rest and digest'' (the parasympathetic PNS). The auditory programs provided by Brain 
Harmony stimulate the parasympathetic system through the vagus nerve (afferent fibers 
on the eardrum and in the outer ear canal) which descends from the brain all the way to 
the intestinal tract. The vagus nerve influences our heart rate, sweating, mouth and 
throat muscles involved in speech, as well as our bowels and digestion.  Many 
children and adults beginning our programs are in a state of hyper-arousal, not far from 
"fight or flight". The gentle stimulation of the PNS brings about a balance of the ANS 
which is reflected by increased calm and self-regulation. 

 
PROCESSI NG SENSORY, COGNITIVE & EMOTIONAL 
INFORMATION 

 
 



 

The cerebellum is 10% of the weight of the brain but it has 50% of the brain's neurons. In 

computer terms, the cerebellum is the processor, receiving input from sensory systems 

and various parts of the brain, and integrating these inputs to fine tune motor activity. 

Most neuroscientists agree that the cerebellum is involved in motor functions, cognitive 
functions such as attention and emotional functions such as regulating fear and pleasure 
responses. Your customized activites are designed to stimulate cerebellar function. Input from the 
visual, vestibular and auditory systems, session after session, train the cerebellum to become efficient at 
processing multi-sensory information. 

 
AROUSAL, SLEEP  PATTERNS 
The Reticular Activating System (RAS) is a network of neurons deep in the brainstem that 
receives input from all sensory systems. It sends nonspecific information to the brain to 
"wake it up". It is involved with regulating arousal and sleep-wake transitions, alertness, 
appropriate arousal to attend to the task at hand, and even prepares the motor system 
for action.  

 
SENSE OF ONE'S BODY IN SPACE, MOTOR PLANNING, 
LEARNING 

The sense of one's own body -where it is, how to control it, how to move it - to the 
point where we don't need to think about it, comes from the receptors in our joints and 
muscles and is referred to as proprioception. This is an often overlooked sensory system 
that contributes to behavior and the ability to learn. When this system is integrated with 
the other sensory systems, the brain is freed up to focus on higher order activities. 

Children and adults who improve their proprioceptive abilities are able to approach 
learning and communication tasks in a more relaxed and regulated manner. Brain 
Harmony’s movement program focuses on building proprioceptive abilities through 
specific, repetitive movement exercises. 

 
LISTENING, CLASSROOM PERFORMANCE, SOCIAL SUCCESS 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

Decoding, phonemic awareness, 
listening in a noisy environment 
and speaking clearly require 
efficient processing and storage 
of information. The 
modalities 
recommended by your 
therapist strives to maximize 
efficiency and accuracy of the 
auditory channel by providing 
carefully calibrated auditory 
stimulation to meet specific 
therapeutic objectives. 
The goal is to activate the 
neuronal connections in 
different areas of the brain through the auditory channel and ultimately train the 
ear and the brain to analyze and process sound more quickly and accurately. 
Air/bone conduction headphones are utilized in our programs to deliver unique and 
efficient stimulation of the auditory and vestibular systems. 

 
READING, HAND/EYE COORDINATION 

The subcortical visual motor system has direct neural connections to the auditory and 
vestibular systems. All three of these systems must work together for proper balance, 
coordination, reading and sound localization. Your therapist can recommend 
modalities that activate these systems with visual tracking and visual perception 
exercises in addition to auditory and vestibular system inputs. 
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This pilot study explored the effects of Integrated listening Systems ( il..s) Focus Series 
on  individualized  pa rent  goals fo r  children  with  sensory  processing  impainnents. 
A nonconcurrent multiple baseline, repeated measure across participants, single-case 
study design was employed ( n = 7). 17ze 40-session intervention was delivered  at 
home and in the clinic. Individuali zed fa mily goals served as the repeated measure. 
Exploratory analyses included the evaluation of physiological arousal. Participants 
showed improvement in home and education-related goals. Changes in physiologic 
arousal were noted infive of seven participants. Standardized scales demonstrated sen- 
sitivity to change. Thus, the il..s program may be beneficial for school- or clinic-based 
intervention.. 

 
Keywords sound therapy, treatment effectiveness, auditory processing, sensory pro- 
cessing disorder, rehabilitation 

 
 

Introduction 

Sensory processing and integration problems exist when sensory signals do not result in 
appropriate responses (Miller, Anzalone, Lane, Cermak, & Osten, 2007). A person with 
sensory impairments finds it difficult to process and act upon infonnation received through 
the senses, which creates challenges in perfonning everyday tasks and daily routines (Bar- 
Shalita. Seltzer, Vatine, Yochman,& Parush , 2009;Bundy, Shia, Qi, & Miller, 2007;Cohn, 
Miller, & Tickle-Degnen, 2000; Cosbey, Johnston, & Dunn, 2010). Motor clumsiness, 
behavioral problems, anxiety, depression, school failure, and other impacts may result if 
the symptoms are not treated effectively (Miller, 2006). 

The standard treatment for children with sensory processing challenges is individual 
occupational therapy (OT) designed to enhance the child's ability to participate in daily 
activities and routines. The method used for treatment is individually defined and involves 
the remediation of underlying  sensory impairments  that enable participation  in daily life  
at  home and  in education-related  activities  at school. Typically  session  duration  is 30 to 
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50 minutes, occurring two to three Limes per week (Miller, Schoen, Jame & Schaaf, 2007; 
Pfeiffer, Koenig, KinneaJ Sheppard, & Henderson, 2011; Schaaf et al., 2013). However, 
anecdotal evidence and intervention studies suggest that intensive programs produce more 
significant and lasting improvements (Granpeesheb, Tarbox, & Dixon, 2009). Sound-based 
intervention is one form of intensive therapy that is sometimes offered to children with 
sensory impairments by clinic and school-based occupational therapists to supplement 
traditional approaches (Bazyk, Cimino, Hayes, Goodman, & Farrell, 20 IO; Hall & Case- 
Smith, 2007). Also referred to as auditory programs, this form of treatment has widespread 
use but with limited empirical validation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Effects of Auditory  Programs 
Previous treatment effectiveness research for children with sensory processing challenges 
has focused on sensory integration treatment to address the individualized needs of the child 
(May-Benson & Koomar, 2010; Miller et al., 2007; Pfeiffer et al., 2011;Schaaf et al., 2013; 
Watling, Deitz Kanny, & McLaughli n, 1999). However, since occupational therapists often 
use auditory programs that involve listening to processed musical selections designed to 
supplement other sensory-based strategies (Bazyk et al., 2010;Hall & Case-Smith, 2007), 
evaluation of their effectiveness is warranted. Auditory programs are growing in popularity 
and are used in addition to traditional OT because services can speed progress and can be 
implemented at borne or school, thus, increasing intensity of service (Baz k et al., 2010; 
Carley, 2013; Hall & Case-Smith, 2007; May-Benson, Carley, Szklut, & Schoen, 2013; 
May-Benson  & Koomar, 2010). 

In spite of the evidence supporting the beneficial effects of listening to music (Jing & 
Xudong, 2008; Labbe, Schmidt, Babin, & Pharr, 2007; Lai & Good, 2005· Overy, 2003; 
Sarnthein et al., 1997), controversy still exists regarding the effects  of therapeutic  audi- 
tory programs that use acoustically modified music. A meta-analysis conducted in 1999 
(Gilmor) reported positive gains in linguistic skills, psychomotor skills, personal and social 
adjustment skills, auditory skills, and cognitive skills following use of a specific type of 
auditory program called the Tomatis Method. However, the conclusions from the meta- 
analytic study were limited by the characteristics of the original studies. A more recent 
study of the Tomatis approach (Corbett, Shickman, & Ferrer 2008) did not show statis- 
tically significant differences between the placebo  and Tomatis  treatment  Yet  this study 
has also been criticized. for methodological flaws (Gerritsen, 2010). Although not a scien- 
tifically rigorous study, Ross-Swain (2007) reported better comprehension, memory, and 
ability to follow directions following use of the Tomatis Method in a group of children who 
had auditory processing problems. 

Mixed results were also demonstrated for use of another auditory program, Auditory 
Integration Training (AIT: aka the Berard method). Although several studies suggested lim- 
ited benefits (Edelson et al., 1999; Rimland & E.delson, 1994, 1995), these studies also had 
important methodological weaknesses. Four well-controlled studies of AIT failed to find 
any behavioral improvement (Bettison, 1996 Gillberg, Johansson, Steffenburg, & Berlin, 
1997; Mud.ford et al., 2000 ZoUweg_, Palm, & Vance, 1997), the most recent of which 
found no benefit of AIT over a control condition on measures of IQ, of comprehension, or 
of social adaptive behavior (Mud.ford et al., 2000). Ina systematic review of six randomized 
controlled trials, Sinha, Silove, Wheeler, and Williams (2006) concluded that there was not 
enough evidence to support the use of   AIT. 

Three studies of auditory intervention programs have been published. in the occupa- 
tional  therapy  literature.  One was a case study  (Nwora  & Gee, 2009) and the other  (Hall 
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& Case-Smith, 2007) reported improvement only when the intervention  was combined  
with a sensory diet that was poorly described and not manualized. The third study (Bazyk  
et al., 2010), implemented in a preschool setting, found an accelerated rate of develop-  
ment on standardized measures; however, the results were confounded because participants 
continued to receive routine occupational therapy intervention during the   study. 

 
Arousal Mechanisms 

Many of the reported outcomes of auditory programs are hypothesized to be related to 
changes in arousal linked to activitation of the autonomic nervous system (Sollier, 2005). 
For the purposes of this paper, arousal is defined as "increased neuronal excitability that 
mobiizes the internal resources needed to maintain alertness" (p. 93). Classic theories of 
arousal assert that an appropriate level of arousal is necessary to support attention and 
enhance learning (Fischer, Langner, Birbaumeri & Brocke, 2008; Hebb, 1955). Thus, if 
changes in arousal occur following participation in an auditory program  it  may be  rele- 
vant to understanding the underlying mechnaism of change. Drawing on this supposition, 
several speculations have  been  made  as  to  the observed  changes  in arousal  being  due 
to (a) the calming effect of listening to music (Alvarsson,  Wiens,  &  Nilsson),  (b)  the 
style of music being listened to (Roque et al., 2013), or (c) the  person  experiencing 
pleasure during music listening (Salimpoor Benovoy, Longo, Cooperstock, & Zatorre, 
2009). 

Arousal is frequently studied by measuring electrodennal activity (EDA), a physio- 
logic measure used in the laboratory (Dawson, Schell, & Filion, 2000) in children with 
and without sensory processing challenges (Schoen, Miller, Brett-Green , & Nielsen, 2009). 
Only one previous study has explored changes in arousal following a sensory based inter- 
vention. That pilot study of the effectiveness of occupational therapy with children who 
had sensory processing challenges showed a decrease in electrodennal activity following 
intervention two times a week for 10 weeks (Miller, Coll-1 & Schoen, 2007). What is not 
known is whether arousal changes with auditory interventions. 

 

Aims of the Study 

Thus, the primary aim of this pilot study was to explore the effects of a newly devel- 
oped auditory program, known as Integrated Listening Systems (iLs). Specifically, the 
Focus Series sensory motor program (heretofore referred to as the iLs program) combines 
listening to acoustically processed, low frequency music via air conduction and bone con- 
duction with participation balance, movement, and visual-motor activities. Our research 
questions were exploratory in nature due to the lack of research using this program- 
specifically, (1) What individualized family goals are impacted following participation in 
the iLs program ? (2) Does the iLs program produce changes in arousal? (3) Are stan- 
dardized measures of behavior, emotion, and functional abilities sensitive to change, and 
(4) What are parents' qualitative experiences relative to the feasibility and utility of the iLs 
program ? 

 

Materials and Methods 
 

Ethics Stalement 

The study received institutional review board approval from Rocky Mountain University 
of Health Profession s and followed all standards set by the board. All participants ' parents 
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provided written consent, and participants above age 7 provided written assent Following 
study participation,  all families were allowed to keep the iLs system. 

 
 
 
 
 
 
 
 
 

 
 

Research Design 

This study employed a single-subject, nonconcurrent,multiple-baseline, repeated-measure- 
across-subjects, AB design in which A represented the baseline phase and B represented the 
intervention phase with a postintervention no-treatment phase. This design is a useful first 
step in treatment-effectivenes s research seeking to establish a relationship between an indi- 
vidualized intervention and change in targeted outcomes (Bloom, Fischer, & Orme, 2006; 
Kennedy, 2005;Kielbofner, 2006). The subject serves as his or her own control, with perfor- 
mance of a subject prior to intervention compared to his or her performance during and after 
intervention. The nonconcurrent design offers greater flexibility in clinical settings because 
baseline data from the participants does not have to be collected concurrently (i.e., at the 
same time) (Harvey, May, & Kennedy, 2004 : Kennedy, 2005). When repeated with multi- 
ple subjects, this design provides a cost-effective and systematic method for replication of 
results (Kennedy, 2005). 

The repeated measure for this study was individualized behavioral goals. Each par- 
ticipant's data was collected for approximately 16 weeks. Baseline (A) was the control 
period. During this phase, the goals were scored by the parent each week, for each par- 
ticipant, over a 3- to 5-week period. Toe intervention phase (8), consisted of 40 one-hour 
sessions of the iLs program delivered 5 days a week over an 8-week period, four times at 
home and once at the clinic. Each week the goals were scored again by the parent. Toe 
postintervention phase consisted of 2 to 5 weeks of data collection on individualized goals 
to evaluate whether gains could be maintained when the intervention was  stopped. 

 
 

I11struments: Assessment  Measures 

Scale Assessment and Inventory. The Sensory Processing (SP) scale is a comprehensive 
assessment of Sensory Modulation Disorder. It has two parts: (1) the Inventory, which is an 
informant-based measure completed by  parents/caregivers and (2) the Assessment, which  
is an examiner-administered performance measure  (Schoen,  Miller,  & Sullivan  2014). 
The SP Scale consists of three subscales: Sensory Over-Responsivity, Sensory Under- 
Responsivity and Sensory Seeking/Craving. Each subscale provides information about 
behavioral responses to sensory experiences across seven sensory domains (touch , vision, 
sound, movement (proprioception, vestibular), taste, and smell). Children and adults from 
ages 3 to 49 have been tested, with internal reliability > .90 and discriminant validity effect 
sizes > 1.0 (Schoen, Miller, & Green, 2008;Schoen et al., 2014). Used in combination with 
parent interview and clinical observation, this scale allows the clinician to characterize an 
individual 's sensory processing impairments. 

 
Tests for Auditory Processing Disorders in Children-SCAN-3:C. The SCAN-3:C (Keith, 
2009) is a standardized assessment  of  auditory  processing  skills  for  children  between 
the ages 5.0 to 12.11. Toe three diagnostic tests, Filtered Words, Competing Words and 
Competing Sentences were used to characterize the sample and to screen for auditory pro- 
cessing challenges. These tests bad high internal reliability and test-retest reliability and 
therefore were used for this study to screen for auditory processing challenges. Validity  
data support the use of the SCAN-3:C largely for screening purposes (Keith,  2009). 
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Outcome Measures 

Indi vidualized Goals: Visual Analog Scale. Individualized family goals were constructed 
for each participant following the parent interview. Each goal was converted into a Visual 
Analog scale (VAS) by the lead investigator and was stated in a positive direction along a 
5-inch horizontal l ine ranging from 1, indicating that the behavior occurs none of the time, 
to 5, indicating that the behavior occu rs all of the time. For example, Ability to Follow 
Directions was a goal for six out of seven participants. The VAS was the repeated measure 
recorded weekly for the entire 16 weeks. VAS has been found to be a reliable and valid 
measure of a variety of subjective phenomena (Wewers & Lowe, 1990) and is one of the 
most commonly used paradigms in the study of pain (Jensen, Chen, & Brugg_er, 2003).The 
VAS was scored by measuring the distance in inches (to the closest 32nd of an inch) from 
the beginnin g end of the scale to the parent 's mark on the line. 

 

Arousal Measures: Sensory  Challenge Protocol. The Sensory Challenge Protocol  (Miller  
et al., 1999) is a well-studied standard psychophysiologic  laboratory  paradigm  that has 
been in use since 1995 (Hagerman et al., 2002; McIntosh, Miller, Shyu, & Hagerman,  
1999; Miller, Reisman, McIntosh, & Simon, 2001). 

Electrodermal activity is obtained using the pal.mar electrodes supplied with PSYLAB 
(Contact Precision Instruments, Cambridge, MA). The PSYLAB software program col- 
lects EDA measures of arousal at rest during baseline and recovery when the child sits 
quietly and no stimuli are presented . Skin conductance level is recorded in microSeirnans 
(µS). During the stimulation phase of the experiment, EDA amplitudes reflective of sen- 
sory  reactivity  are recorded  for responses that  are  > .02 µS and  occur  between  0.8 and 
4.0 seconds after each stimulus. 

EDA data is collected continuou sly in three phases: (1) a 3-minute baseline phase 
with no stimuli presented ; (2) eight trials of sensory stimuli (presented for 3 seconds at 
a pseudorandom interstimulus interval of 10 or 15 seconds) across six sensory domains- 
auditory (tone and siren), visual (strobe light), olfactory (wintergreen), tactile (feather), and 
vestibular (chair tip); and (3) a 3-minute recovery period with no stimuli. 

 

Standardized M easures: Adaptive Behavior Assessment System-II. The Adaptive Behavior 
Assessment System (ABAS ; Harrison & Oakland, 2003)is a norm-referenced report mea- 
sure designed to assess adaptive behavior in individuals from birth to age 89 years. The 
scale  includes   10 adaptive  skill  areas  from  which   four  composite  scores  are  derived: 
( l) conceptual  composite (e.g., communication,  functional academics , and self-direction); 
(2) social composite (e.g., leisure and social skills); (3) practical composite (e.g., self-care, 
home living, community use, and health and safety); and (4) general adaptive composite 
(e.g., the sum of all adaptive skill areas). The parent/primary caregiver form was used in 
this study and the composite scores and subtest scores were computed to monitor progress 
over time. Internal reliability is reported to be high  for the composite scores,  the  adap- 
tive domains, and all skill areas (Harrison & Oakland, 2003). Similarly strong evidence of 
content and concurrent validity is reported (Harrison & Oakland,  2003). 

 

Standardized M easures: Behavior Assessment System for Children-2. The Behavior 
Assessment System for Children-2 (BASC-2) Rolds & Kamphaus, 2004) is a 
multidimensional/multirnethod system for assessing children's social, emotional, behav- 
ioral, and  adaptive functioning. The parent rating form was  used  in  this study.  It consists 
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of a clinical profile, which  has  nine  scales  that  are used  to compute the three  compos- 
ite scores: externalizing, internalizing, and behavior symptom index. The adaptive profile 
comprises five scales that make up the adaptive skills composite. Composite scores and 
subscale scores were used in this study to measure progress. It is reported that composite 
scores have stronger internal reliability than the individual scales and have strong construct, 
convergent, and divergent validity (Reynolds & Kamphaus, 2004} 

 

Participants 

Seven children and their families participated in this study. The study was conducted at a 
private clinic in Greenwood Village, CO. Participants were recruited through posted invi- 
tation letters from the center. Interested parents signed a form consenting to be contacted. 
Children were selected if they met inclusion criteria and families were willing to postpone 
participation in other interventions (e.g., occupational therapy, speech therapy) for the dura- 
tion of the study. All parents reported that their child had challenges in daily activities at 
home and school but had not received previous treatment for sensory issues. 

Inclusion criteria were: (I) significant sensory processing impairments reported to be 
interfering with performance at home or school based on parent report on the Sensory 
Processing Scale Inventory, parent interview, and confirmation by an occupational thera- 
pist trained in using the Sensory Processing Scale Assessment and Inventory; (2) between 
ages 4 and 18; (3) an intelligence level of "within normal limits" as determined by school 
aptitude tests; (4) parent report of auditory over-responsivity and/or auditory processing 
problems and normal hearing; and (5) parent/child willingness to commit to the time and 
scheduling requirements of the study  protocol. 

Exclusion criteria were the presence of comorbid disorders such as a seizure disor- 
der, bipolar disorder, deafness, physical disabilities (e.g., cerebral palsy), or neurological 
impairments; participation in other therapies during the time of the study; and an inability 
to tolerate wearing headphones for the designated 60 minutes required by the study design. 

Four males and three females ranging in age from 5 to 12 years participated in the 
study. All were Caucasian; socioeconomic status was defined by the education level of the 

mother-all had at least a high school degree). Interpretation of findings by the evaluat- 
ing occupational therapist confirmed the presence of tactile and auditory over-responsivity 
as reported by on the SP Scale Inventory and observed on the SP Scale Assessment for 
all participants. Three participants also had symptoms of sensory craving behavior and 
one participant had symptoms of sensory under-responsivity based on the above measures. 
Four out of seven participants had atypical scores on two subtests of the SCAN-3:C (e.g. 
scores < 1 standard deviation below the mean) suggestive of auditory processing chal- 

lenges. The other three participants scored within the typical range for auditory processing . 
No other comorbid diagnoses were  reported. 

 

Procedures 

Three stages constituted the study: (1) administration of the pretest measures, (2) baseline 
and intervention, and (3) return to baseline, post-testing, and  follow-up. 

 
Stage I. Administration of the pretest measures. Participants first completed the Sensory 
Processing (SP) Scale Assessment and Inventory in order to fully  characterize  their 
sensory processing challenges. The SCAN-3:C was also administered to screen for audi- 
tory  processing  difficulties.  A  parent  interview-goal-setting  session  was  conducted   in 
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order to establish the individualized goals for the  visual  analog  scale (VAS)  that served  
as the repeated measure. Pretest measures also included all standardized parent report 
questionnaires and administration  of the Sensory Challenge Protocol Laboratory. 

 
Stage 2. Baseline and intervention. The second stage began with a 3- to 5-week baseline 
phase (A) during which individualized VAS goals were determined (where the iLs program 
was not used). Goals whose baselines were unstable could not be extended due to restric- 
tions in participant schedules and, therefore, were not included in the study. Next came the 
intervention phase (B), which consisted of 40 sessions of the iLs program. The program  
was administered four times a week at home by the parent and once a week at the clinic by 
the same research assistant (RA; intervention defined  later). 

 

Stage 3. Return to baseline. The final phase of the study (A) was a 2- to 4-week- retum-to-
baseline period of no intervention, post-testing of all standardized parent report 
questionnaires, and re-administration of the Sensory Challenge Protocol Laboratory. At this 
time, parent reactions to participation in the study were solicited, including feasibility and 
utility of the iLs program as well as subjective changes noted in their child not elicited by 
the individualized  goals or report questionnaires. 

 
 

Description of the Intervention 

The intervention consisted of 40 sessions using the iLs Focus Series sensory motor pro- 
gram. The iLs program is  a protocol  that  uses  specific  classical  music  selections  that 
are heard each day. The program is loaded onto an Apple iPod and delivered through a 
miniamplifier with adjustable air- and bone-conduction volume to Sennheiser headphones 
custom fitted with bone-conduction capability. Specifically, the sensory motor program 
emphasizes frequencies at 750 Hz and lower. The iLs music is processed such that different 
frequencies in each selection are enhanced or dampened. An additional process shifts subtle 
volume changes from the right-ear channel to the left-ear channel. Both of these alterations 
to the musical selections are designed into the iLs program in a graded fashion, beginning 
gently and gradually increasing as the program  progresses. 

Intervention included listening to the preprogrammed music 5 days a week for 60 min- 
utes. Each program had a specific listening schedule accompanied by visual motor activities 
performed during the first 15 to 20 minutes of each session that were selected from the 
Playbook manual and user guide. The sets of activities  included  balance  and core, ball  
and bean bag, and eye-hand coordination games. The rest of each session was spent doing 
child-selected motor activities; creative and/orrelaxing activities such as drawing, painting, 
puzzles, building with blocks, and playing cards; or just  sitting in a comfortable chair. 

Intervention sessions were completed  by  the RA once a week  in the  clinic and by  
the parent 4 days a week at home. Training to the RA and parents in the use of the iLs 
listening components as well as in the selection and administration of Playbook visual- 
motor activities was provided by the lead investigator. A program tracker was completed for 
each participant's clinic sessions and home sessions to ensure compliance with and fidelity 
to the program. Intervention fidelity was also ensured through weekly meetings of the RA 
and the lead investigator and of the RA and participants' parents to discuss intervention 
administration, manual adherence, and plans for subsequent  sessions. 

Parents did not pay for the intervention nor were they required to purchase the iLs uni t 
in order to participate in the study. 
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Data Collection 

Preintervention data were collected during the participant's first visit. Included were the 
Sensory Challenge Protocol and the caregiver report questionnaires. The visual analog scale 
(VAS) goals were developed by the lead investigator following the first parent meeting. 
Baseline data were collected on the VAS goals via parent report once a week over a 3- to 5-
week period prior to initiating the intervention.  Each week during the participant's  visit to 
the clinic in the intervention phase, parents returned to the RA the score for each week's 
VAS goals (parent's mark along the 5-inch line). Postintervention data were collected on  
the VAS goals using the same procedure as during the baseline phase. Participants returned 
2 to 4 weeks following intervention to participate in the Sensory Challenge Protocol  and  
for parents to complete the caregiver report measures and provide subjective feedback on 
the feasibility and utility of the iLs program. 

 
 
 
 

 

 
 

 
 
 

 

 
 

 
 

Data Analysis 

Owing to the small sample size and the variables' non-normal distribution (Kolmogorov- 
Smimov test, p < .1), nonparametric tests were utilized for all statistical analyses described 
in the next sections (i.e., individualized goals and standardized measures). 

 

Individualized Goals. VAS goals were converted into numeric scores by measuring the 
distance in inches (to the closest  32nd of an  inch) from  the beginning  end of the scale     
to the parent's mark along the line. Each goal for each participant, from baseline to 
postintervention,  was plotted on a graph. 

Several methods of data analysis were used. Data for individualized VAS goals were 
examined to determine whether a stable or declining pattern was established during base- 

line. As is recommended in multiple baseline research, only goals that have a baseline 
period meeting the following criteria should be included in the intervention phase of a study 

(Engel & Schutt, 2014): (I ) performance that has a relatively stable pattern (no improve- 
ment) with little variability; (2) a slope less than .1; or (3) a linear downward trend based 

on a linear regression analysis. Each participant had at least one goal that met these criteria. 
Initial investigation of VAS goals was based on visual analysis of the data. VAS goal 

data were plotted across phases of the study and analyzed in terms of three dimensions 
recommended by Kennedy (2005). The first dimension examined  was level, referring  to 
the mean of the data within a condition. The second dimension examined was trend (or 
slope), which refers to the best-fit straight line for the data within each condition. The 
descriptors low, medium, and high are assigned to  describe  the  size of  the  slope. The 
third dimension examined was variability of the data, which reflects the degree to which  
the data points deviate from the best-fit straight line. Variability is a qualitative descriptor 
like trend, which is classified as high, medium, or Low (Kennedy, 2005). Patterns of goal 
achievement were similar within each participant; therefore, the data depicted  in  Figure  l 
is the mean goal performance for each participant across phases of the study. To evaluate 
these changes in parent-prioritized goals, the Wilcoxin matched-pairs-signed-rank test was 
used to determine whether differences in level and slope of VAS goal scores changes were 
statistically significant. 

 

Arousal Measures. To evaluate physiologic changes, difference scores were computed 
comparing  pre-  and  postadministration   of  the  Sensory  Challenge  Protocol.   Variables 
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included the average difference in amplitude by sensory domain and the average difference 
in EDA during baseline and recovery. 

 
Standardized Measures. To further evaluate parent perceptions of changes over time, the 
Wilcoxin matched-pairs-signed-rank test was used to evaluate differences on both the 
BASC and the ABAS, pre- versus postintervention. Analyses were considered exploratory 
and designed to inform future studies; therefore, no correction for multiple  comparisons 
was made. 

 
Qualitative Experiences. Subjective feedback from parents on the feasibility and utility of 
the iLs program  was aggregated and summarized by the first author. 

 

Results 
 

Individualized  Goals 

Participant goals demonstrated some commonality: six of seven participants had a goal 
involving "following directions" and five of seven participants had a goal involving "com- 
pleting a task" (e.g., homework, morning routine, cleaning room) in a timely manner and 
without incident. Other parent goals related to emotion regulation, frustration  tolerance, 
and social participation  with siblings or peers (see Table  l for a complete list of goals). 

Eight goals were discarded prior  to the initiation of  intervention  because they  did  
not meet criteria for a stable or declining baseline pattern. One participant had a single 
remaining goal; all other participants had between three and six goals. A total of 28 goals 
were evaluated. With respect to 23 of the 28 goals, participants demonstrated a positive 
change in level from baseline to intervention, which was sustained or increased after inter- 
vention.  The  five  goals  that  showed  minimal  change  were  for participant  7  (e.g.,  < .3 
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change in level from baseline to intervention). Participant 4 had one goal that decreased 
slightly (e.g., "experiences less frustration") (levels are depicted in Table !). The data 
continned its upward trend from baseline to intervention for all participant goals but the 
magnitude of the slope varied. During the intervention phase, 11 of the 28 goals had 
medium-positive-magnitude slopes (e.g., > .3), suggesting a gradual increase; while 13 of 
the 28 goals had a low-magnitude slope (e.g., < .19), suggesting a more slowly increasing 
trend. Participant 6 had declining/negative slopes in the postintervention phase although the 
overall level of goal achievement was higher compared to baseline. Slopes for participant 
7 remained relatively flat from baseline to intervention, with little change in level. In the 
postintervention phase for this participant, levels increased for all six goals and slopes grad- 
ually increased for three of the six goals (e.g., a low-magnitude slope). High variability was 
noted for participant 3 during the intervention phase of the study. A fluctuating pattern of 
improvement was evident across her goals, with an initial large improvement in three out 
of four goals that had low-magnitude slopes. For this participant, gains were sustained into 
the postintervention phase for all of these goals. 

To evaluate whether there was a significant difference between baseline goal perfor- 
mance and goal performance during intervention, the Wtlcoxin matched-pairs-signed-rank 
test (as data was nonparametric) was used. A significant difference was found between level 
at baseline (M = .76; SD = .43) and level during intervention (M = 1.82; SD = .91) across 
all participants (z = -4.46; p < .001). A significant difference was also obtained between 
slopes  at baseline  (M = .02; SD = .08) and slopes during intervention  (M = .21; SD  = 
.13) across all participants (z = -4.49;p < .001). After intervention, participants continued 
to improve with respect to 19 of the 28 goals (see Table I ). 

 

Arousal Mechanisms 

One participant had incomplete data due to equipment failure during the postintervention 
administration of the Sensory Challenge Protocol; therefore,  there  is  missing  posttest 
data for wintergreen, feather, chair tip, and recovery. Table 2 depicts the mean difference 
between pretest and post-test scores for amplitude of EDA by domain and EDA at baseline 
and recovery. Three of seven participants had a reduction iu EDA to 2 to 4 of the sensory 
challenges, both of which involved the two sound stimuli. Both increases and decreases in 
EDA for baseline and recovery were noted. Four of the seven participants  had a reduction 
in EDA from pretest to post-test at either baseline or recovery, and two had an increase in 
EDA from pretest to post-test for both baseline and recovery. 

 
 

Table 2 
Mean and Changes in Arousal from Pre- to Postintervention 

Chair 
Participant Baseline Recovery Tone Strobe Siren Winter-green Feather tip  

I -12.67  -1.44 -1.05 -1.05    

2 -6.33 -9.13 -0.20 -0.31 -0.05 -0.30 -0.21 0.01 
3 -1.04 -0.93 -1.29 -0.58 -1.04 -1.19 -0.33 0.92 
4 -0.38 -0.40 -1.85 -0.42 -1.31 -0.54 -0.06 0.68 
5 8.68 11.47 0.09 0.04 0.08 0.02 -0.01 -0.31 
6 -0.38 -1.67 -0.31 0.04 -0.14 0.00 0.00 0.29 
7 1.98 2.25 0.13 0.12 -0.20 -0.55 -0.43 -0.29 
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" 
Standardized  Scales 

Analyses were conducted to determine which standardized measures might be useful for 
future study of the effectiveness  of the  iLs program.  Subtests  and composite  scores  of 
the Adaptive Behavior Assessment System (ABAS)  and  Behavior  Assessment  System 
for Children (BASC) were explored.  All  of  the  dimensions  of  the  BASC  changed  in 
the predicted direction with the Wilcoxin matched-pairs-signed-rank test showing signif- 
icant changes in all the composite scores of the BASC (e.g., Externalizing, Internalizing, 
Behavioral Symptoms Index, and Adaptive Skills) and in seven of the total 13 subtests, 
including the following: Hyperactivity, Aggression, Anxiety, Depression, Atypicality, 
Adaptability, and Activities of Daily Living. All the composite scores and subtests of the 
ABAS changed in the predicted direction; however, statistically significant changes were 
found in only two of the seven subtests: Communication and Self-care. (See Table 3 and 
Table 4). 

 
 

Changes in BASC Subtest and Composite Standard Scores 
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Note. Higher scores are worse for all clinical subtests and composites. Higher scores are better for 
all adaptive subtests and composites. 

Intervention 

 Pre (n = 7) Post (n = 7) Wilcoxin  Effect 
 M ( SD) M ( SD) matched pairs p size 

Clinical subtests and composites (M  = 50; SD = 10) 
Externalizing composite 62.14 (15.31) 52.86 (11.44) -2.20 0.03 0.69 
Hyperactivity 61.43 (16.72) 52.14 (13.21) -2.20 0.03 0.62 
Aggression 62.71 (15.68) 52.29 (9.57) -2.37 0.02 0.80 
Conduct problems 58.00 (13.28) 54.67 (10.93) -1.37 0.17 0.27 
Internalizing composite 56.43 (11.39) 46.29 (7.89) -2.20 0.03 1.03 
Anxiety 60.57 (16.37) 52.71 (10.34) -1.99 0.04 0.57 
Depression 59.29 (12.47) 46.14 (7.47) -2.20 0.03 1.28 
Somatization 46.14 (8.49) 42.57 (7.70) -0.32 0.75 0.44 
Behavioral symptoms 60.43 (13.88) 49.71 (8.08) -2.20 0.03 0.94 

index      
Atypicality 55.14 (11.14) 45.57 (3.99) -2.03 0.04 1.14 
Withdrawal 52.86 (12.56) 47.86 (11.85) -1.57 0.12 0.41 
Attention 56.29 (13.57) 54.71 (11.25) -0.51 0.61 0.13 

Adaptive subtests and composite (M  = 50; SD = 10) 
Adaptive skills 45.29 (13.66) 49.71 (12.72) -2.02 0.04 0.33 
Adaptability 41.29 (15.21) 49.14 (13.84) -2.26 0.02 0.54 
Social 48.71 (16.43) 50.71 (14.45) -I.IO 0.27 0.13 
Leadership 51.33 (10.86) 53.00 (7.64) -0.73 0.47 0.18 
ADL 44.71 (14.12) 47.57 (12.61) -2.06 0.04 0.21 
Communication 42.00 (16.17) 45.71 (13.61) -1.68 0.09 0.25 
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Table 4 
Changes in ABAS Subtest and Composite Standard  Scores 

Intervention 
 

 Pre ( n = 7) 
M (SD) 

Post (n = 7) 
M(SD) 

Wilcoxin 
matched pairs 

 
 

p 
Effect 

size 

Subtests (M = 10, SD = 3) 
Communication 7.71 (3.40) 9.71 (3.55) -2.41 0.02 0.58 
Functional academics 7.29 (2.98) 8.43 (4.61) -0.74 0.46 0.30 
Self-direction 6.43 (3.91) 7.57 (4.50) -1.29 0.20 0.27 
LeisUte 9.29 (l.70) 10.86 (3.49) -1.69 0.09 0.57 
Social 7.14 (3.49) 8.29 (4.23) -0.96 0.34 0.30 
Community use 9.14 (3.81) 9.86 (5.15) -0.11 0.92 0.16 
Home living 6.00 (3.51) 7.29 (4.68) -1.05 0.29 0.31 
Health and safety 8.14 (l.68) 9.86 (2.80) -1.44 0.15 0.75 
Self-care 5.71 (2.29) 8.57 (3.55) -2.04 0.04 0.96 

Composites (M = 100, SD = 15) 
General adaptive 84.71 (11.27) 93.43 (23.94) -1.36 0.18 0.18 
Conceptual 85.86 (13.50) 93.71 (22.13) -1.78 0.08 0.43 
Social 91.00 (11.97) 99.14 (19.16) -1.36 0.18 0.51 
Practical 85.57 (7.19) 94.71 (21.43) -0.94 0.35 0.58 

 
 

Qualitative Experiences 

Gains reported by individual patents were as  follows: 
 

"His reading scores eatne up 4 levels"; 
"Her face seems more animated"; 
"She is able to joke with others"; 
"He sleeps better''; 
"He picks up on sarcasm more quickly"; 
"He is happier  at school"; 
"The legibility of her handwriting improved"; and 
"His behavior  in school is better." 

 
 

Discussion 
 

Individualized  Goals 

This pilot study provides preliminary evidence that the iLs progratn is effective in ame- 
liorating conditions for some of the children with sensory over-responsivity and auditory 
processing impairments. Notable changes were reported in patent-developed individualized 
child goals such as following directions, completing daily tasks (e.g., homework, morning 
routine, putting away belongings) in a timely manner, and reducing emotional outbursts- 
problems that affect functioning at home and school. These gains continued to be noted 
with respect to most of the goal.s (19 out of 28) into the postintervention phase. 
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Previous research reflects controversy as to the effectiveness of auditory programs. 
However, study bas been limited to the Tomatis Method  (Corben  et al., 2008; Gilmor, 
1999; Ross-Swain, 2007); to Berard's Auditory lntegration Training (Edelson et al., 1999; 
Gillberg et al., 1997; Rimland & Edelson, 1994, 1995); and to  Therapeutic  Listening 
(Bazyk et al., 20 l O; Hall & Case-Smith, 2007). This is only the second study to evaluate the 
use of the iLs program for children with sensory processing impairments. The iLs program 
is unique because it combines an individualized auditory program with visual and move- 
ment activities. The other study of the iLs program reported improvements in behavioral, 
emotional, and sensory regulation; social skills; and functional listening and communica- 
tion in children ages 7 to 10years with autism spectrum (unpublished data). Similar to that 
study, our study supports the effectiveness of the iLs program based on parent perceptions  
of improvement. Because parents' opinions as to the value of an intervention often deter- 
mine what interventions they try and continue to use (Bowker, D'Angelo, Hicks, & Wells, 
2011 ;Green et al., 2006), tapping their perceptions is critical to evaluating the effectiveness 
of an intervention. The effectiveness of the iLs program  based  on parent perceptions  of  
the attainment of individualized goals established at the start of the study is an important 
outcome demonstrated by this study. 

Research evaluating the optimal frequency and duration of the therapeutic interven- 
tions used by rehabilitation professions is also greatly needed (AOTA, 2011). Many studies 
suggest that children with sensory processing challenges should receive therapy two to  
three times a week over a period of at least 10 weeks (Miller et al., 2007; Pfeiffer et al., 
2011 ; Schaaf, Benevides, Kelly, & Mailloux-Maggio, 2012; Schaaf et al., 2013). However, 
this study utilized the iLs program five times a week (for an hour) over an 8-week period. 
Parents had to attend the clinic only once a week (or 8 times) because they were able to 
administer the program at home on the other days. Thus, the iLs program  may  be a use-  
ful method of supplementing school or clinic-based intervention for some children with 
sensory processing challenges. 

 

Arousal Mechanisms 

To the best of our knowledge, this is the first study to report physiological changes  using  
an auditory program that  delivers processed  music. Four participants  showed  a decrease 
in arousal level and two showed an increase in arousal following intervention. Unlike a 
previous study that found a reduction in anxiety levels following music listening but no 
change in physiological outcomes (Wang, Kulkarni, Dolev, & Kain, 2002), for the four 
participants in this study whose arousal decreased, the behavioral changes reported by their 
parents were also suggestive of reduced arousal. For example, parent reports included "He 
generally appears calmer"; "She seems more relaxed"; and "Meltdowns are less often and 
less lengthy." In addition, these participants also showed a reduction in parent-reported 
hyperactivity, aggression, anxiety, and depression as measured on the BASC. However,  
1wo participants showed an increase i n physiological arousal. An alternative explanation 
comes from the music-listening literature which suggests that the experience of listening to 
familiar music may have become pleasurable and emotionally rewarding, thus, increasing 
rather than decreasing their arousal (Van Den Bosch, Salimpoor, & Zatorre,  2013). 

This study also demonstrated changes in arousal in response to sensory challenges. 
Three participants showed a reduction in EDA  to two or more sensory domains, reflect-  
ing decreased arousal with regard to that sensory domain. The two sensory domains that 
consistently elicited change among these participants were the tone and siren. Given that 
these participants  at the start of the study were reported  to be over-responsive  to  auditory 
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stimuli, this finding is notable. One participant reported better sleep due to a reduction in 
auditory over-responsivity, and two reported having less difficulty filtering out background 
noise during daily interactions at home and school. Miller and colleagues (Miller, Coll, & 
Schoen12007) reported  similar improvement  in electrodermal  activity  (e.g., reduction 
in amplitudes to sensory challenges) in a small sample (n = 4) following    a sensory-based 
intervention. Taken all together, the physiological findings from this study provide only 
preliminary information, which can be used for hypothesis generation in future   studies. 

 

Standardized  Measures 

Two standardized scales were evaluated to determine sensitivity in detecting improve-  
ments following intervention  with  the iLs program. The BASC showed potential  for use 
in future studies. All four composite scores were sensitive to change, as were seven of the 
subtests. This finding suggests that the dimensions tapped by the BASC (e.g., behavioral 
and emotional characteristics of the individual) may be target areas, most affected by the 
iLs program However, only the Self-care and Communication subtests of the ABAS showed 
significant pre-post change during the study. This finding may be owing to chance because 
we did not correct for multiple comparisons, but it is noteworthy that the values for the 
Communication subtest of the ABAS changed in the predicted direction especially since 
four out of seven participants screened positive for auditory processing challenges prior to 
participation in the study. Further study is indicated but identifying specific measures that 
are sensitive to the outcomes of this intervention will decrease the likelihood of obtaining 
spurious findings in future studies. 

 

Qualitative Experiences 

Ingeneral, parents in this study were pleased with their child's results. Parent reactions that 
were solicited at the end of the study indicated that use of the iLs program was beneficial 
and easy to use, suggesting feasibility and utility of the program. Some suggested that three 
times per week might be a more realistic expectation in the future. They indicated enjoying 
the convenienceof administering the iLs program at borne and going to the clinic only once 
a week. Specific gains reported by individual parents predominantly related to performance 
in school. 

 

Implications for  School-based  Practice 

The iLs program is a feasible home program for parents of children with sensory processing 
impairments and has potential for use in school-based practice. The iLs program appears to 
address some of the problems of children with sensory processing challenges. This study 
found changes in the performance of many daily routines essential to participation at home, 
at school, and in the community. Improvements were noted in functional communication 
and in education-related abilities such as handwriting, reading comprehension, and school- 
work. Although teachers were not interviewed at the completion  of this study, many  of  
the parents reported having pursued this intervention as a means of improving their child's 
success in school. 

This study contributes to evidence-based practices (Thomas & Law, 2013) that are 
available and required of therapists practicing in the school system (Clark & Chandler, 
2013). Since the parent and a research assistant administered the intervention in this study, 
it suggests a cost effective and time efficient application  to school based  practice; the   iLs 



- 

272 S. A. Schoen et al. 
 

program could be administered by a paraprofessional and not require the full time attention 
of an occupational therapist. A Visual Analog Scale can be used to measure progress and is 
a potential tool for supporting evidence-based practice. Links between the auditory program 
and changes in arousal suggest a potential impact on optimizing and enhancing attention 
skills necessary for learning. 

 
Limitations 

This was a single-subject research design with only seven participants, therefore, results are 
not generalizable to the larger population of children with sensory over-responsivity and 
auditory processing challenges. One strength of the study is that we looked at functional, 
behavioral, and emotional goals related to parents' primary concerns for their child  and 
gains were reflected in daily life experiences at home and school. However, since we did 
not have blind raters of individualized goals, there was potential bias in parental report of 
change. 

Parents implemented the intervention and they were offered a free iLs unit at the 
completion of the study. Since the intervention was protocolized and  music  selections 
were unalterable, we believe this bias was minimized. Fidelity to the intervention was 
insured through weekly  meetings  and  we  assume  that  parents  would  not  have  wanted 
to keep the iLs unit if their child had not experienced some positive benefit from the 
program. 

This study was designed to examine short-terms effects of the iLs program. Tons we 
did not follow participants beyond  3 to 4 weeks after completion  of the program to   deter- 

 mine whether their gains had been maintained. Additionally, fluctuating patterns at the  end 
of  treatment  could  not  be  interpreted  owing  to the paucity  of data points.  Future study 
designs should incorporate a planned reassessment in 3-, 6-, and 12-month intervals to 
establish how long progress is sustained. 

Finally, future research needs to determine whether the type of physiological changes 
reported in this study are clinically significant and to further explore the relationship 
between such physiological measures and behavioral change. This study provided only pre- 
liminary evidence that arousal and reactivity change as a result of iLs intervention. These 
measures have the potential to provide greater insight into the arousal mechanisms that 
underlie this intervention. 

 

Directians for Future Research 

Additional research is indicated to substantiate the benefits of the iLs program Although  
not administered in a  school  setting,  results  of  this  study  reflect  gains  in  academic  
and nonacademic abilities. hnplementation  of  the  iLs  program  at  school  may  provide 
an even more convenient alternative to parents. This hypothesis  requires  further  study.  
An assessment of school function is needed along with the inclusion of standardized mea- 
sures directly related to educational success. Functional changes should be confirmed by 
teacher-report  measures and teacher observation  of a child's abilities in the classroom. 

 

Conclusion 

This pilot study provides preliminary and partial support for the effectiveness of the iLs pro- 
gram delivered five times a week for children with sensory over-responsivity and auditory 
processing  problems. The attainment  of individualized  functional  goals was an important 
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outcome of this study. Additionally, physiological changes in arousal and reactivity to sen- 
sory challenges were noted following intervention, which can be used for future hypothesis 
generation. Behavioral and emotional dimensions tapped by the BASC show potential for 
use in future studies. Overall parents had a positive reaction to participation in the  pro- 
gram and expressed satisfaction with their child's progress. Further study of this auditory 
program is warranted. 
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 Case Study: Auditory/Language Processing, Attention - Integrated Listening 

 
 

iLs Case Summary Report 

Associate's Name: 
Susan Tieche OTR/L, Jennifer Bilyew, M.S., CCC-SLP 

 

Name of Organization: 
ITS: Developmental Therapy Services 

 

Presenting Problem: 
Sensory Processing, Attention, Language Delays 

 

1. OT: "Dillon" presented with a vestibular processing disorder affecting self-regulation 
(low arousal/ high vestibular threshold), low muscle tone, poor visual efficiency skills, and 
bilateral integration. He also presented with significant proprioception deficits influencing 
body awareness, coordination, fine and gross motor abilities. There were also indications 
of auditory processing deficiencies. 

 
2. Speech: Dillon initially presented with delays in expressive and receptive language 
skills. He had difficulty with sequencing information, processing directions in a timely 
manner, and telling about events that took place in a clear and comprehensive manner. 
His vocabulary base was weak and he appeared to have word finding difficulties. 

 
Therapeutic Goals: 

 
1. OT: normalize vestibular processing, improve visual efficiency skills, improve core 
strength and balance, improve self-regulation/attention resulting in the ability to engage 
in social interactions and classroom work with out repetition of instructions and one-on- 
one support, improve availability for visual motor work and improved visual motor skills. 

 
2. Speech: naming pictures, identify categories, retell a story with 3 steps (without 
pictures), and describe a picture from memory (2-3 details such as what, color, shape). 
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Background: 
Dillon is a 6 year-old boy who had a history of delays in expressive and receptive 
language as well as in fine motor and gross motor skills. There was also notable concern 
regarding inattention. He had PE tubes inserted at 22 months and no other medical 
problems or diagnoses. He had been receiving weekly OT intervention to address 
sensory integration dysfunction, handwriting deficits, and visual information processing 
deficits since (18 months to 5 years 4 months). Dillon did participate in the Therapeutic 
Listening program at home, which had significant impact on his performance on 
Kindergarten (in terms of attention and concentration). He began private speech 
intervention at ITS: DTS in January. This was in addition to speech therapy provided by 
the school (2x per week in a group). 

 
iLs Program Used: 
The iLs Total Focus Sensory Motor Program was initiated in February of 2011 where he 
listened 1 hour per day, 7 days per week in combination with participating in a sensory 
diet of core strength, swinging, and ocular motor exercises. He completed the 60 hours 
of the Sensory Motor Program and is now on the second round of the Sensory Motor 
Program. 

 
Other Interventions used: 
Dillon began private weekly speech-language therapy in January and continued this 
therapy throughout the iLs intervention. 
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Summary of Changes: 
In January, Dillon was given the Differential Screening Test for Processing before he 
began the first 60 hours of the iLs program. It was given over 3 sessions by his SLP. There 
are 3 areas of subtests - Acoustic (Dichotic Digits, Temporal Patterning, Auditory 
Discrimination), Acoustic-Linguistic (Phonemic Manipulation, Phonic Manipulation), and 
Linguistic Subtests (Antonyms, Prosodic Interpretation, Language Organization). The 
screening was administrated via headphones and audio CD. The screening was split up 
over 3 sessions due to Dillon's inability to attend to the tasks, fatigue, and delayed 
processing skills. For each subtest, Dillon required the CD to be stopped between each 
item to allow him time to process the auditory information. For a 6 year old, he failed all 
of the subtests, as he could not answer the target questions within the allotted time 
frame. The scores in the "January" column reflect the raw score he received given time 
between each item. The numbers in the "Pass/Fail" column shows the score one must 
have to pass the screen. The final column shows the scores Dillon received when the 
screen was given in May after the initial 60 hours of the iLs program. It should be noted 
that during the administration of the screen in May, Dillon was not given any extra time 
between items. He was able to attend without redirection, did not require the directions 
to be given a second time, and did not require any movement breaks. He was calm and 
attentive. 

 
 

Differential Screening Test for 
Processing 

Raw 

Score January 

Pass/Fail (6 
yrs.} 

Raw 

Score May 

 

 
Dichotic Digits 

 
2 P* 

 
2 

 
6 P 

 

 
Temporal Patterning 

 
4 P* 

 
3 

 
11 P 

 

 
Auditory Discrimination 

 
9 F 

 
10 

 
15 P 

 

 
Phonemic Manipulation 

 
5 F 

 
6 

 
10 p 

 

 
Phonic Manipulation 

 
3 F 

 
4 

 
6 P 

 

 
Antonyms 

 
6 P* 

 
6 

 
6 P 

 

 
Prosodic Interpretation 

 
6 F 

 
7 

 
S P 

 

 
Language Organization 

 
S F 

 
9 

 
13 p 
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*Dillon would not have passed these sections with out extra time.  He would have scored a 
O for each of these subtests. 

 
The May screening revealed a significant difference in both scores and observable 
behaviors. Dillon was able to sit and calmly attend with out break and without stopping the 
CD. His raw scores changed in all subtest except for Antonyms. In his speech- language 
therapy, the areas that were being addressed fell in the Linguistic Subtests (Antonyms, 
Prosodic Interpretation, and Language Organization).  We primarily worked on vocabulary 
and Language Organizations. We did not formally address Prosodic Interpretation. We 
would have expected a certain amount of change for this section of the screening. He was 
not getting intervention (other than the iLs program) that was targeting the Acoustic or 
Acoustic-Linguistic sections of the screen. It was felt that Dillon had much greater access 
to his auditory skills and linguistic skills after the 60 hours of the iLs program. His attention 
was improved and his impulsivity had diminished. 

 
In speech therapy, his ability to use the correct vocabulary and sequence events (in life 
and in books) was greatly improved. All visual cues could be taken away and Dillon was 
still able to recall and sequence stories. He had become more animated and had much 
more direction in his conversations. He had specific ideas about what we should do and 
took the time to explain how to do it. These abilities had not been seen in January. 

 
Parent observations: (after 27 hours of the initial 60 hours): Dillon's mother was an 
excellent observer of her son and gave us weekly updates of the changes she saw and 
the changes the school reported. She noted, 'Within the first week of iLs he demonstrated 
better pragmatic language and increased social interactions with peers in unstructured 
settings and in classroom group activities. He was quicker in following directions and 
quicker processing information. He demonstrated better conversation skills and staying 
on-topic with less prompting across all settings." He was more confident moving through 
his school day (by teacher report). He was showing more resilience with unexpected 
events (i.e., no more tears over seemingly trivial events at school). In the third week, he 
demonstrated better focus, attentiveness to daily routines, was "spacing out" less often, 
and participated in more self-initiated productive play. During their daily OT home 
program, his mom noted that he had better visual functioning. 
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OT Changes: In terms of self regulation and attention (iLs stimulates the vestibular 
system which has an influence over the Reticular Activating System in the brainstem 
which is our "thermostat" for sleep/wake, hunger/thirst, and bowel/bladder function), 
Dillon initially spent most of his time seeking input from his environment (jumping and 
crashing/swinging) with a poor adaptive response for adjusting his arousal level. When 
required to attend auditorally, he would need directions repeated and the "wait time" for 
him to respond could be up to 15 seconds (or no response) and then what he said would 
be segmented and disorganized. For table-top tasks, he would look at the visual 
information on a page briefly then look away. His sustained visual attention was poor. 

Now, Dillon is able to visually attend to table top work for up to 45 minutes and able to 
initiate independent work in school with minimal redirection from the teacher and minimal 
to no verbal cue to prompt initiation of an activity. While he continues to enjoy movement 
and gets it regularly, he is not obligated to it demonstrating improved availability and 
initiation with social engagement with peers consistently. He has demonstrated dramatic 
improvement in self-regulation and his ability to attend to academic tasks, process 
language and respond and, conclusively, he can learn in school with very minimal support 
versus maximal support. He repeated Kindergarten and is  now a rising first grader in a 
public school with a class of 25-28 students. Dillon continues to receive group speech 
therapy 2x/week to address expanded language goals such as answering critical 
thinking questions about events or stories, and in-class support from the special 
education "team," (typically the general education teacher or a paraprofessional) to 
address attention, comprehension, and written expression. 
Additionally he receives several classroom supports including a picture schedule and 
repetition of directions as needed, lined paper for writing tasks, and preferential seating 
to help with focus, processing speed,and work focus. 
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In terms of visual efficiency skills (iLs stimulates the vestibular-visual neurological 
pathway), Dillon initially struggled 100% of the time (indicated by brow furrowing) to team 
both eyes for saccades, ocular motor pursuits, and visual fixation. He demonstrated 
significant improvement in visual attention moving from 1O seconds of visual fixation to 

30 seconds of visual fixation, 10 seconds of ocular motor skills (with 3 jumps off the 
target) to solidly tracking for 30 seconds (each eye then both eyes together). The end 
ranges of ocular motor skills remain a struggle. He was able to move from 10 seconds of 
saccades (with over and undershooting) to a solid 30 seconds with only slight instability. 
Congruently, his reading and visual attention for academics has dramatically improved 
and his engagement in near point activities/table top visual motor activities have 
significantly improved. His mother continues with a home program of end range ocular 
motor pursuits and using the Brock String to train eye teaming abilities as his endurance 
for eye teaming is still deficient. 

 
In terms of coordination (iLs stimulates the vestibular-cerebellar neurological 
pathways), he is now more available to attempt novel motor coordination tasks. After 
months of swimming lessons and only putting about 3 strokes together at a time and 
never going in deep water, Dillon surprised everyone at his swim team "safety check" by 
swimming a full length of the pool using a solid though slow freestyle stroke, even 
turning his head to the side to breathe. When Mom asked Dillon about his swimming 
afterwards, he told her his legs were tired but he knew he had to make it to the end 
without stopping if he was going to be able to join the swim team. After a few weeks of 
daily practices, Dillon now swims numerous laps on both his front and back. He 
struggles with stroke formation, for example occasionally forgetting to kick when 
focused on his arms and vice versa. He also has more trouble stroking with his right arm 
than his left, presumably because as a left- hand dominant child, he is breathing on his 
left side so that arm comes out of the water more easily when he is turned to breathe 
and when his face is in the water, he has difficulty lifting and fully extending his right 
arm in the same manner. Also, he has overcome his fear of the "bounciness" of the 
diving board and now jumps off with glee, whenever he has the opportunity. Bilateral 
Integration remains a struggle for Dillon; however, he is much more willing to take 
risks and attempt novel motor tasks as compared to previously. 
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In terms of core strength, he showed improvement in his upper back and neck muscles 
for prone extension moving from 10 seconds to 40 seconds. He still is unable to co- 
contract his lower back to lift his lower extremities (Mom is now doing this as a part of his 
exercise for his sensory diet at home). He improved from supine flexion from 1O seconds 
to 36 seconds (still below average for his age but improved). From January to June he 
completed Ball Explosion from the Core Concepts book every day as part of his sensory 
diet to address core strength. 

 
In terms of balance (iLs stimulates the vestibular system which is our center for 
balance/righting/equilibrium reactions), Dillon has improved in maintaining his balance 
for 10 seconds on the right foot with eyes open and 9 seconds on the left foot with eyes 
open. He has improved with his understanding of his vestibular midline and can hold a 
heel to toe position for 10 seconds with eyes open. With eyes closed, he is able to hold 
this heel to toe position for 3 seconds at best and stand on either leg for 2 seconds at 
best. His visual system is now very supportive of balance as he now owns and 
understands a visual midline where as he did not previously. With his eyes closed, his 
vestibular system still struggles to register gravity and so he would continue to benefit 
from more sensory integration around utricle functioning. 

 
Emotionally, Dillon exhibits a significant improvement in coping skills for changes in 
routines, transitions, and motor challenges. This is most evident to his mother at the 
loud, busy swim meets in which Dillon now excitedly takes part. He stays calm, asserts 
himself when necessary, and remembers which stroke to swim when the race begins. He 
also has several friends with whom he runs around when not swimming. This 
independence and enjoyment of peers is a new development as well. 
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Conclusions and Recommendations: 
It was clear to Dillon's mother, teachers, and therapists, that the iLs program had a large 
impact on him beginning after the first week of intervention. Each week he arrived in the 
office, his mother would report the improvements in pragmatic interactions, direction 
following, and emotional regulation. In speech therapy, the sessions needed to become 
more challenging (in leaps and bounds) from week to week. His ability was often under- 
estimated as he would be able to perform a previously challenging task easily. He 
seemed to have better access to his vocabulary (as word finding errors decreased) and 
he was able to make connections between concepts easily. His attention improved and 
his engagement in conversations was more on-topic. He could recall events and tell the 
sequence with few word errors and little prompting. It was felt that the iLs program 
seemed to fill in the gaps in his foundational skills and allow him greater access to 
language and higher-level cognitive skills. 

 
In terms of OT, it is recommended for Dillon to continue the iLs Sensory Motor Program 
combined with his sensory diet until we can remove it and his level of function continues 
without regression. At that time, we will move to the higher frequency program to 
continue to refine attention and auditory processing skills. In terms of SPLT, he is 
undergoing a summer home program addressing language processing and will 
reconvene in the fall with Ms. Bilyew to determine the next steps. 

 
As therapists, we have been fortunate to work with this Mom, a seasoned special 
education teacher who comes to us with a good framework and knowledge of what we 
do. Due to this, she has been an excellent observer, able to give us exact feedback about 
the changes Dillon has made. She has also understands the importance of following 
through with a home program and is the largest reason of why Dillon has made 
significant progress. Thank you to all of the Mom's and Dad's who follow through with 
our home programs as we are simply your guide!!! It makes THE difference! Susan and 
Jennifer 
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Associate's Name/Discipline: 
Shannon L. Williamson, Ph.D., CCC-SLP 

 

Name of Organization: 
Upstate Pediatric Speech Therapy Services, Inc. 

 

Presenting Problem: 
Auditory/language processing, working memory, attention/concentration, organization 

 

Will was referred to this examiner due to concerns regarding processing. He was having 
difficulty particularly with math. Teacher ratings indicated concerns with following 
instructions, timely completion of assignments and organizational skills that were 
affecting reading and math. Weaknesses were also noted in accuracy of completed work 
and retention of factual information. 

 
Psychological assessment at that time revealed an average full scale IQ. Verbal 
comprehension was in the average range, and perceptual reasoning or nonverbal 
intelligence was above average. However, weaknesses at that time were evident in 
working memory and processing speed. The total working memory index score was 
borderline and processing speed was below average. The achievement scores indicated 
no concerns regarding a learning disability as his achievement was commensurate with 
his ability level 

 
Will was home-schooled due to performance anxiety at school and increased demands. 
The parents wanted help to address the processing and working memory deficit. 

 
Summary and Diagnosis: 

th 
1. Will was given the Clinical Evaluation of   Language Fundamentals-4 Edition (CELF-4). This 
assessment measures receptive, expressive language, language content, language 
memory and working memory. The results were indicative of overall borderline language 
functioning for his core score with his total test score falling one standard deviation  
below the mean. This assessment revealed that Will had significant working memory 
deficits, with his index standard score falling below the first percentile. 

 
2. Language content, or his semantic knowledge of language, was within the average 
range. 
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3. Language memory was in the mildly deviant range. His working memory deficits most 
likely have affected his ability to follow directions, recall auditory information, as well as 
understand information present and derive meaning from it. Expressive language skills 
were also borderline. 

 
4. Will demonstrated a deficient processing speed as demonstrated by his slower 
performance on the "Rapid Automatic Naming" subtest. 

 
Treatment Goals and Protocol: 
Therapeutic goals focused on addressing the working and language memory deficit 
though a combined program of iLs and traditional speech therapy. Will engaged in 40 
one-hour sessions over a four-month period utilizing the iLs Reading/Auditory Processing 
Program. 

 
Auditory processing tasks were implemented with physical activities or various forms of 
movement (iLs Playbook}, simultaneous to listening, for the first half hour of each 
session. During the second half hour, Will engaged in traditional processing types of 
tasks of repeating information, speed drills, following directions and auditory 
memory types of tasks while he was listening to i s' Reading/Auditory Processing 
Program. 

 

Post-Test Results: 
th 

The Clinical Evaluation of Language Fundamentals-4 Edition (CELF-4) was re-administered 
at the end of the four months to assess receptive and expressive language as well as 
language content and memory. The results were as follows: 

 

Parameter/ Subtest Initial  Test 
Standard Score,Percentile Rank 

Follow-Up Test 
Standard Score,Percentile Rank 

CORE LANGUAGE ss· 85 PR.  16,  Borderline ss   106   PR:  66,   Average 
Recepllve Language ss· 93 PR: 32. Low Average ss. 103  PR   58,   A\lerage 
Expressive Language SS  85 PR.  16, Bordertine ss 96   PR   39,  A\lerage 
Language Content SS: 92 PR.  30, LOW A\lerage ss  110  PR   75, A\lerage 
Language Memory ss· 80  PR.  9.   BelowA\lerage ss·  98   PR:   45,   A"erage 
Working Memory SS: 63 PR'  1,    Sig  Below Average ss 97   PR:   42,  Average 
-Recalfmg Sentences SS:  1   PR:  .1,  Sig  Below Average SS.   7 PR:   16.   Borderhne 
-Understanding  Paragraphs ss· 4 PR 2    Below Average ss · 10   PR.   50  Average 
-Number RepetJtion-Forward SS: 5   PR:   5,  BelowAverage ss 12  PR.  75. A11erage 
-NumberRepebtion-  Backward ss· 8   PR:  25, Below Average ss 10  PR 50. A\lerage 
-Number Repetibon-Total ss  5   PR:  5,   Belo A11erage ss 12  PR  75   A11erage 
-f amiliar Sequences SS: 2   PR.  4,  Sig  Below Average SS . 7 PR . 16. Bordertme 

 
  Accuracy-6 errors for age/Below 

Avg Speed-119 seconds-Below 
Av 

Accuracy-4 errors/Bordertme 
Speed- 102 Seconds/Slightly 
Below Avera e 
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Conclusions and Recommendations: 

Pre-program testing showed that all index scores were below average, low average or 
borderline. All index scores post-treatment are within the average range. Will continues 
to demonstrate strengths in language content, or the semantics of language (although 
not targeted in his intervention plan, even this score improved to the high average 
range). Significant improvement was observed in his "Working Memory" score, with his 
current score being in the average range of functioning. 

 
Will's parents noticed particular improvement with his memory skills. Will's caregivers 
observed that he was able to perform mental math operations in his head, a task that he 
had struggled with previously. They noted he had better sustained focus and attention. 

 
Will's self-confidence and ability to handle stressful situations grew noticeably toward the 
completion of his 40-session program. He had high expectations, a perfectionist 
tendency and was very hard on himself at the beginning of therapy and became angry 
when he missed questions. By the end of the treatment, there was less anxiety and 
better emotional regulation about his responses. Due to significant improvements in the 
processing and memory domains, as well as his ability to handle the stress of the 
classroom, Will was enrolled back in school the semester following his speech/ils therapy 
program. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



288 May/June 2009, Volume 63, Number 3

Sensory Sensitivities of Gifted Children

KEY WORDS
s� GIFTED��CHILD
s� ENVIRONMENT
s� SENSATION
s� SENSATION�DISORDERS
s� SENSORY�GATING

Douglas R. Gere, MS, LPC, is Project Success 
Coordinator, Learning Diagnostic Clinic, Missouri State 
University, 901 South National, Springfield, MO 65897; 
douglasgere@missouristate.edu

Steve C. Capps, PhD, is Director, Learning Diagnostic 
Clinic, Missouri State University, Springfield.

D. Wayne Mitchell, PhD, is Associate Professor of 
Psychology, Missouri State University, Springfield.

Erin Grubbs is a master’s student in the Clinical 
Psychology Program, Missouri State University, 
Springfield.

Gifted children often display sensitivities to their environment that vary from those of the general population. 
Data were gathered on 6- to 11-year-old gifted children attending a public elementary school gifted program. 
Parents completed Dunn’s (1999) Sensory Profile questionnaire regarding their child. Two primary analyses 
were conducted: (1) a comparison of the gifted children’s sensory sensitivity with Sensory Profile norms and 
(2) an examination of the internal consistency of the Sensory Profile for the gifted sample. Gifted children were 
more sensitive to their environment and reacted with heightened emotional and behavioral responses than did 
children of average intelligence. Internal consistencies for the 14 Sensory Profile sections and the Sensory 
Profile factors for the gifted sample were found to be equal to the reported norms of the Sensory Profile. These 
findings further support that gifted children may have important sensory modulation differences and add to our 
understanding of gifted children.

Gere, D. R., Capps, S. C., Mitchell, D. W., & Grubbs, E. (2009). Sensory sensitivities of gifted children. American Journal 
of Occupational Therapy, 64, 288–295.

$OUGLAS�2��'ERE��3TEVE�#��#APPS��$��7AYNE�-ITCHELL��%RIN�'RUBBS

Gifted children’s unique challenges and skills are likely embedded in a neurologi-
cal system that perceives and responds to the environment differently from 

children of typical intelligence (Roedell, 1984). Sir Francis Galton, who hypothe-
sized that sensory channels are a means of information input, speculated that gifted 
people may have superior sensory sensitivities (Galton, 1883). Although Galton’s 
sensory and motor tasks were not accurate measures of intelligence, there appear to 
be links among sensory speed, discrimination, acuity, and intelligence level (Deary, 
1994; Li, Jordanova, & Lindenberger, 1998). For example, one study by Li et al. 
(1998) found that performance on three tactile tasks accounted for approximately 
20% of the variance in intellectual ability of tested participants. Similarly, the 
combination of performance on temporal discrimination and pitch discrimination 
tasks accounted for 24% of the variance in performance on measures of intelligence 
(Helmbold, Troche, & Rammsayer, 2006). Using the Farnsworth–Munsell 100-
Hue Test, Deary, Bell, Bell, Campbell, and Fazal (2004) also noted a strong correla-
tion between levels of cognitive functioning and sensory sensitivities.

Since Galton’s early research on human intelligence, children with above-
 average intelligence have been found to use select cognitive skills (e.g., strategy use, 
metacognitive knowledge, abstract reasoning) significantly more than do children 
of typical intelligence (Cheng, 1993; Kitano, 1990; Sternberg & Davidson, 1985). 
Despite these children’s cognitive skills, however, researchers have also documented 
that approximately 20% to 25% of gifted children have psychosocial difficulties 
and may isolate themselves from rewarding social contact (Gallagher, 1990; Janos 
& Robinson, 1985). These psychosocial difficulties may result from several factors, 
including atypical sensory processing.

Ayres (1963) theorized that atypical sensory processing, regardless of over- or 
undersensitivity, may result in functional problems, including emotional issues. 
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Miller, Anzalone, Lane, Cermak, and Osten (2007) postu-
lated that people with sensory overresponsivity may experi-
ence a range of behaviors such as impulsivity, aggression, 
withdrawal, or avoidance of sensation. If it is, in fact, true that 
people with above-average intelligence have superior sensory 
sensitivities, then gifted children may be vulnerable to a vari-
ety of physical, psychological, and psychosocial issues.

Giftedness
Attempts to accurately define giftedness have proven to be as 
elusive as attempts to define intelligence itself. Significant 
efforts have been used to measure and identify intelligence 
on the basis of criteria that test developers and researchers 
consider to be typical manifestations of intelligence in behav-
iors (Russell, Hayes, & Dockery, 1988). Former U.S. 
Commissioner of Education Sidney P. Marland Jr. (1972) 
defined gifted children as those who, because of their out-
standing abilities, are capable of elevated performance, as 
identified by professionally qualified assessors. Russell et al. 
(1988) suggested that these abilities may be manifested in 
one or more of the following areas: general intellectual abil-
ity, academic aptitude, creative thinking, leadership ability, 
visual or performing arts, and psychomotor ability.

Although intelligence may be defined in multiple ways, 
in the current study, we define it as a score achieved by a 
child on a standardized test of intelligence such as the 
Wechsler Intelligence Scales for Children–Third Edition 
(Wechsler, 1991) or the Stanford–Binet Intelligence Scale–
Fourth Edition (Thorndike, Hagen, & Sattler, 1986), 
because those tests are the most widely used and accepted by 
professionals in the United States. Standardized intelligence 
tests allow comparisons with peers on intellectual function-
ing. Thus, the label of gifted is given to children who score 
higher than average on an intelligence test (e.g., a test score 
>130, or 2 standard deviations above the mean, compared 
with the normed test score of 100).

Although intelligence tests are the standard tool for 
identifying giftedness, parents often identify such children 
well before formal assessment has been completed. Silverman 
(1997) stated that parents and teachers often recognize gifted 
children on the basis of their wide-ranging fund of general 
information, elevated vocabulary, memory, abstract knowl-
edge, and reasoning skills. In addition, she pointed out that 
parents and others often observe giftedness in the first 3 years 
of the child’s life by recognizing rapid progression through 
developmental milestones. These precocious children may 
impress and amaze their parents and teachers, but they often 
struggle to fit in, and many find socialization difficult. Gifted 
children are often as misunderstood by their peers as they 
are by adults (Silverman, 1990). Generally, educators and 

other adults have high educational and social expectations 
of the gifted child that may go unmet. Silverman (1990) 
suggested that gifted children likely face just as many chal-
lenges in educational and social functioning as children of 
below-average intelligence.

Sensitivity of Gifted Children
Several theorists have posited that the gifted person may be 
more sensitive and responsive to external stimuli in his or 
her environment. Silverman (1997) asserted that the person-
ality traits of sensitivity, intensity, and perfectionism are 
often associated with giftedness. Additionally, Roedell (1984) 
indicated that one area of vulnerability in the gifted popula-
tion is intense sensitivity. Bachtold (1980) described such 
sensory sensitivities as a vast array of unorganized incoming 
sensory data that create stress in gifted children. If the gifted 
child is more emotionally or physically sensitive to his or her 
environment, responds with increased intensity, and attempts 
to be perfectionistic, then he or she will likely experience 
challenges in social adjustment (Silverman, 1997).

Although some theorists have suggested that the gifted 
population shows increased or even hypersensitivity, little 
research has empirically quantified those characteristics and 
compared them with those of the general population. 
Moreover, the literature that does exist on this issue has typi-
cally focused primarily on emotional sensitivity. However, 
research examining sensory stimulation in specific popula-
tions has found that certain groups are more sensitive to 
sensory stimulation than others. For example, studies have 
compared sensory sensitivities of children with autism and 
children with attention deficit hyperactivity disorder 
(ADHD) with those of the general population (Kientz & 
Dunn, 1997). Both children with autism and children with 
ADHD reported greater sensitivity to their environment. In 
response to the limited information available about gifted 
children, in this study, we focused specifically on the sensory 
sensitivity of gifted children and the contribution of sensory 
sensitivity to their daily patterns and routines. To better 
understand the relationship between sensory sensitivity and 
the functioning of gifted children, we examined the physio-
logical process of sensory integration.

3ENSORY�)NTEGRATION
The sensory functions of the human body depend on the 
operations of the central nervous system (CNS), which is 
responsible for controlling the regulation and sequencing of 
responses for all organs of the body (Reeves, 2001). The 
neural system operates through an interplay of excitation and 
inhibition. The brain processes information from multiple 
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sources to establish internal balance and to formulate adap-
tive responses to stimuli through a process of neural modula-
tion. Wilbarger and Stackhouse (2002) defined sensory 
modulation as the intake of sensation by means of sensory-
processing mechanisms such that the intensity, degree, and 
quality of response are processed so as to match environmen-
tal demand, facilitating the maintenance of a range of opti-
mal performance and adaptation. In other words, sensory 
modulation is the process of the brain’s regulating itself 
(Ayres, 1979). Thus, modulation allows a person to adjust 
to changing external conditions. The brain and body must 
modulate both new and ongoing stimuli to maintain homeo-
stasis. Noback, Strominger, and Demarest (1996) described 
modulation as a process that allows the CNS to alter the 
excitability and responsiveness of neuronal circuits. Sensory 
modulation is the process responsible for producing a com-
posite picture of what is happening in the child’s environ-
ment at any given moment, and it is important because it 
provides a crucial foundation for later, more complex learn-
ing and behavior. Therefore, if people such as gifted children 
have difficulty with sensory modulation, they may be inter-
preting their environment uniquely, possibly resulting in 
nontraditional responses or behaviors.

Sensory integration theory provides a scientific basis for 
investigations that examine people’s arousal, affect, and 
motivation and further provides insight into their engage-
ment and mastery of tasks via their responses to their envi-
ronmental stimuli (Spitzer & Roley, 2001). According to 
Ayres (1979), adaptive sensory processing enables meaning-
ful and purposeful involvement in a full range of daily activi-
ties. In addition, sensory modulation is a dynamic process 
that allows a person to function well when interacting with 
and adapting to his or her environment (Spitzer, 1999). 
Therefore, on the basis of the concept of sensory integration 
theory, we hypothesized that an interactive relationship exists 
between neurological thresholds and behavioral responses. 
This relationship may be evidenced in, for example, a child 
who is overly sensitive to the seams in his or her socks and 
who will respond with agitation to putting on shoes. The 
child may throw a tantrum at the prospect of wearing certain 
shoes (Dunn, 1997). According to Miller et al. (2007), how-
ever, these atypical responses are not willful disobedience; 
rather, they are automatic and unconscious physiologic reac-
tions to sensations.

Neurological thresholds are the amount of stimuli 
required for a neuron or neuron system to respond (Dunn, 
1991). The neurological threshold is established by a con-
tinuum from habituation to sensitization. Habituation 
occurs when the nervous system recognizes that something 
familiar or repetitive has happened to the point of neuron 
inhibition (Dunn, 1997). Without habituation, children 

would be continually distracted by each new stimulus they 
experience. Habituation is necessary to mediate incoming 
stimuli so one can focus on specific tasks. Habituation 
allows children to attend to their surroundings while 
engaged in other activities. Excitatory sensitization is the 
process that facilitates heightened attention and an immedi-
ate response to stimuli. Through modulation, energy from 
the environment transducted into neuronal signals can be 
made more meaningful, permitting children to generate 
appropriate responses to their environment. Thresholds 
range from those that facilitate adaptive behavioral responses 
to stimuli to those that are beyond the acceptable range for 
functional reaction (Dunn, 1999). Children whose thresh-
olds are too low are likely to be overly responsive to stimuli 
or, in other words, hypersensitive to their world. Therefore, 
minimal stimuli may generate a reaction. Moreover, when 
children receive imprecise or unreliable sensory input 
because of sensory integration impairment, the ability to 
process information and generate responses is disrupted 
(Dunn, 1991). Sensory integration impairment results from 
unconventional processing of information from the sense 
organs. This processing occurs in the CNS, where the flow 
between sensory intake and motor output is altered. The 
result is the unconventional integration and organization of 
sensory input received by the nervous system, thus creating 
an interruption in the ability to assimilate the senses into 
adaptive responses (Kranowitz, 1998).

To summarize, in the late 1800s, Sir Francis Galton 
proposed that people of higher intellect may have superior 
sensory sensitivities; more recent researchers have provided 
some support for this postulation by suggesting that those 
who gifted are vulnerable to intense sensitivity and are more 
emotionally or physically sensitive to the environment, pos-
sibly resulting in social adjustment problems (Roedell, 
1984; Silverman, 1997). Sensory modulation abilities and 
intelligence level appear to be moderately related (Deary, 
1994). Heightened sensitivity may be a double-edged sword; 
it is both a highly tuned means of obtaining sensory infor-
mation and a distracter when the ability to integrate this 
information is not functioning optimally. Although sensory 
integration has been studied in diverse populations of chil-
dren, such as those with autism or ADHD, a paucity of 
research exists on whether sensory sensitivities exist among 
gifted children. Therefore, the purpose of this study was 
twofold: (1) to determine whether gifted children are dif-
ferent from a population of average intelligence with regard 
to responses to stimulation assessed via the Sensory Profile 
(Dunn, 1999) and (2) to examine and compare the internal 
consistency of the Sensory Profile sections and factors for 
gifted children with Sensory Profile norms as established by 
Dunn (1999).
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Participants

The participants were 80 children, ages 6 to 11 years, enrolled 
in a public school district’s gifted program and their parents, 
who completed the information regarding their children. 
The children had all been administered a standardized intel-
ligence test (Wechsler Intelligence Scales for Children, Third 
Edition) by the school system, and each had scored r138 on 
the Full Scale IQ (a minimum score of 138 was established 
by the school district as the cutoff for enrollment in the 
program). We used a systematic random selection process to 
select 200 students from a master list of students enrolled in 
the gifted program. All participants whose parents consented 
to and completed the survey were included in the study, 
which was processed through the standard university insti-
tutional review board policies and procedures and approved 
by the public school board.

Instrument

To assess sensory processing, we used the Sensory Profile 
(Dunn, 1999), a standard method for measuring a child’s 
sensory processing abilities and profiling the effects of sen-
sory processing on the functional routine in the child’s daily 
life. The Sensory Profile consists of 125 items grouped into 
14 categories, or sections. The children’s parents responded 
to each behavioral statement using a 5-point Likert scale 
ranging from 1 (always: when presented with the opportunity, 
the child responds in the manner described every time, or 100% 
of the time) to 5 (never: when presented with the opportunity, 
the child never responds in this fashion, or 0% of the time). On 
the basis of this system, the lower the score on an item was, 
the greater the sensitivity reported was. The 14 sections 
consist of the following components:

s� !UDITORY� 0ROCESSING� ��� ITEMS� DESCRIBING� THE� CHILD�S�
responses to things heard);

s� 6ISUAL�0ROCESSING����ITEMS�DESCRIBING�THE�CHILD�S�RESPONSES�
to things seen);

s� 6ESTIBULAR�0ROCESSING� ���� ITEMS�DESCRIBING� THE� CHILD�S�
responses to movement);

s� 4OUCH�4ACTILE�0ROCESSING�����ITEMS�DESCRIBING�THE�CHILD�S�
responses to stimuli that touch the skin);

s� -ULTISENSORY�0ROCESSING����ITEMS�DESCRIBING�THE�CHILD�S�
responses to activities that contain a combined sensory 
experience);

s� /RAL�3ENSORY�0ROCESSING�����ITEMS�DESCRIBING�THE�CHILD�S�
responses to touch and taste stimuli to the mouth);

s� 3ENSORY�0ROCESSING�2ELATED�TO�%NDURANCE�4ONE����ITEMS�
describing the child’s ability to sustain performance);

s� -ODULATION�2ELATED�TO�"ODY�0OSITION�AND�-OVEMENT�����
items describing the child’s ability to move effectively);

s� -ODULATION� OF� -OVEMENT� !FFECTING� !CTIVITY� ,EVEL� ���
items describing the child’s demonstration of activeness);

s� -ODULATION� OF� 3ENSORY� )NPUT� !FFECTING� %MOTIONAL�
Responses (4 items describing the child’s ability to use 
body senses to generate emotional responses);

s� -ODULATION�OF�6ISUAL�)NPUT�!FFECTING�%MOTIONAL�2ESPONSES�
and Activity Level (4 items describing the child’s ability 
to use visual cues to establish contact with others);

s� %MOTIONAL�3OCIAL� 2ESPONSES� ���� ITEMS� DESCRIBING� THE�
child’s psychosocial coping strategies),

s� "EHAVIORAL� /UTCOMES� OF� 3ENSORY� 0ROCESSING� ��� ITEMS�
describing the child’s ability to meet performance 
demands); and

s� 4HRESHOLD�FOR�2ESPONSE����ITEMS�DESCRIBING�THE�CHILD�S�
level of modulation; Dunn, 1999).

The instrument manual provided a normed sample of 1,037 
3- to 10-year-old children without disabilities, which we used 
as a comparison group. The reliability for the categories on 
the Sensory Profile reveals a slight range in variability, which 
is explained by the variability in children and the likelihood 
of change in a child over a short period in time (Dunn, 1999). 
Dunn (1999) obtained convergent and discriminant validity 
by comparing Sensory Profile categories with categories for 
similar behaviors on the School Function Assessment (Coster, 
Deeney, Haltiwanger, & Haley, 1998). The data supported 
the hypothesized correlations, demonstrating a valid instru-
ment according to its purpose (Dunn, 1999).

Procedures and Measures

Participation materials were mailed to each student’s parents. 
Parents were asked to complete an informed consent form, 
a demographics survey, and a Sensory Profile (Dunn, 1999) 
regarding their child.

Results

Preliminary Analysis

Children were between 6 and 11 years old (ns = 5, 11, 21, 
18, 10, and 9, respectively; mean age = 8.7 years; 50 boys, 
29 girls [1 child had a missing gender code]). The children 
were predominantly from middle to higher socioeconomic 
status families, with 38 (48%) having a total income between 
$31,000 and $75,999 annually, 31 (39%) having a total 
income of >$76,000 annually, and 11 (13%) having a total 
income of <$30,999 annually. Finally, the sample consisted 
solely of White children, and no minority participants took 
part in the study.
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Individual IQ scores were not available as requested by 
the school administration; however, IQ ranges were provided 
by the school. The IQ score distribution of the children was 
distributed evenly across three subgroups: 28 (35%) scored 
r146, 27 (34%) scored 141–145, and 25 (31%) scored 
138–140. Comparisons of the three IQ groups using a mul-
tivariate analysis of variance across the 14 sections of the 
Sensory Profile yielded no significant differences. In addi-
tion, subsequent multivariate analyses of variance revealed 
no significant main effects for gender or across age in the 
gifted children. In summary, given the homogeneity of the 
data, we assumed that the sample of gifted children could be 
interpreted as a group, free of notable differences on the basis 
of demographic variables.

Primary Analysis

We conducted two primary analyses: (1) mean comparisons 
of the gifted sample versus Dunn’s (1999) normed sample 
of the Sensory Profile’s 14 sensory sections and nine sensory 
factors and (2) a comparison of the gifted sample versus 
Dunn’s normed sample of the Sensory Profile’s internal 
consistency for the 14 sensory sections and nine sensory fac-
tors. We discuss each of these analyses in turn.

Mean Comparisons. We conducted a series of one-sample 
t tests on each of the 14 sensory sections to identify differences 
between the group of gifted children and the population 
norms (see Table 1). We should note that the alpha was 
adjusted (a Bonferroni correction) to control for Type I error. 
The analyses yielded significant differences between the gifted 
sample and the norms on all sensory sections with the excep-
TION�OF�6ISUAL�0ROCESSING�AND�4HRESHOLD�FOR�2ESPONSE�

Table 2 displays the t-test results, which compare the 
gifted sample’s mean scores on the nine sensory factors with 
those of the normed group. Here, too, the alpha was adjusted 
via a Bonferroni correction to control for Type I error. The 
results of this series of one-sample t tests revealed significant 
differences between the gifted and the normed groups on all 
sensory factors but Oral Sensory Sensitivity, Poor Registration, 
3ENSORY�3ENSITIVITY��AND�&INE�-OTOR�0ERCEPTUAL��.OTE�THAT�
the difference on the factors was in the predicted direction; 
the gifted sample had lower mean scores. In addition, we 
performed the analysis using the quadrant cut scores in 
Dunn’s (2006) Sensory Profile Supplement. These analyses 
yielded probable differences in two quadrants: Seeking (mean 
[M] = 99.74, standard deviation [SD] = 15.64) and Avoiding 
(M = 109.28, SD = 17.61). The other two quadrants pro-
vided scores at the cutoff between typical performance and 
probable difference: Low Registration (M = 64.12, SD = 
7.79) and Sensitivity (M = 81.02, SD = 12.02).

Internal Consistency Comparisons. We calculated coeffi-
cient alphas for the gifted sample as Dunn (1999) described 
and reported for the normed sample. The coefficient alphas 
for the normed and gifted samples are presented in Table 3. 
For the 14 sensory sections, the coefficient alphas for the 
gifted sample were of the same magnitude as that of Dunn’s 
normed group. Table 4 displays the coefficient alphas for the 
nine sensory factors. Here, too, all coefficient alphas were of 
similar magnitude to those of the normed sample with the 
EXCEPTION�OF� THE�&INE�-OTOR�0ERCEPTUAL� FACTOR��4HUS�� THE�
findings of this study showed that the Sensory Profile’s item 
and factor structure is valid for gifted children and adds fur-
ther support to the Sensory Profile’s validity.

Table 1. One-Sample t Tests for Gifted vs. Normed Mean Raw Scores Across the 14 Sensory Profile Sections

3ECTION

Gifted

.ORMED�M t (df = 52)M SD

!UDITORY�0ROCESSING ����� ���� ����� ������

6ISUAL�0ROCESSING ����� ���� ����� ������
6ESTIBULAR�0ROCESSING ����� ���� ����� ������

4OUCH�4ACTILE�0ROCESSING ����� ����� ����� ������

-ULTISENSORY�0ROCESSING ����� ���� ����� ������

/RAL�3ENSORY�0ROCESSING ����� ���� ����� ������

3ENSORY�0ROCESSING�2ELATED�TO�%NDURANCE�4ONE ����� ���� ����� ������

-ODULATION�2ELATED�TO�"ODY�0OSITION�AND�-OVEMENT ����� ���� ����� ������

-ODULATION�OF�-OVEMENT�!FFECTING�!CTIVITY�,EVEL ����� ���� ����� �������

-ODULATION�OF�3ENSORY�)NPUT�!FFECTING�%MOTIONAL�2ESPONSES� ����� ���� ����� ������

-ODULATION�OF�6ISUAL�)NPUT�!FFECTING�%MOTIONAL�2ESPONSES�AND�!CTIVITY�,EVEL ����� ����� ����� �����

%MOTIONAL�3OCIAL�2ESPONSES ����� ����� ����� ������

"EHAVIORAL�/UTCOMES�OF�3ENSORY�0ROCESSING ����� ���� ����� ������

4HRESHOLD�FOR�2ESPONSE ����� ���� ����� ������

Note.�-INIMUM�ALPHA�REQUIRED�AFTER�A�"ONFERRONI�ADJUSTMENT�FOR�THE����ONESAMPLE�tTEST�COMPARISONS�IS�p����������M���MEAN��SD���STANDARD�DEVIATION�

3TATISTICALLY�SIGNIlCANT�DIFFERENCE�
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$ISCUSSION

Children with above-average intelligence are able to use cer-
tain cognitive skill sets above and beyond their peers (Cheng, 
1993; Kitano, 1990; Sternberg & Davidson, 1985). 
However, gifted children have also been identified as expe-
riencing psychosocial difficulties that may result in isolation 
from rewarding social contact with others (Gallagher, 1990; 
Janos & Robinson, 1985). Those who work with gifted 
children have often reported that these children seem to 
process their surroundings differently. In addition, gifted 

children tend to be more emotionally sensitive, more reac-
tive, and more intense than their same-age peers (Silverman, 
1997). The focus of this study rests primarily on the hypoth-
esis that gifted children are not only more emotionally sensi-
tive but also more physiologically sensitive to their surround-
ings than are their nongifted counterparts. The findings 
support the hypothesis that gifted children are more sensitive 
to their physical environment. The potentially heightened 
sensations or feelings experienced by gifted children may 
suggest that some of these children experience alternative 
interpretations of incoming external stimuli to those of non-
gifted children. Gifted children, therefore, may be more 
affected by incoming sensory stimuli, resulting in sensory 
discomfort and subsequent peculiarity in behavioral and 
emotional responses. If, in fact, these children have impaired 
sensory-processing abilities, this impairment may lead to 
functional problems, including problematic emotional issues 
(Ayres, 1963). Moreover, researchers investigating people 
with sensory overresponsivity believe they may experience a 
range of behaviors such as impulsivity, aggression, with-
drawal, or avoidance of sensation (Miller et al., 2007).

Table 2. One-Sample t Tests for Gifted vs. Normed Mean Raw Scores for the Nine Sensory Profile Factors

&ACTOR
Gifted

.ORMED�M t (df�����	M SD
3ENSORY�3EEKING ����� ����� ����� �������

%MOTIONAL�2EACTIVE ����� �����
 ����� ������
,OW�%NDURANCE�4ONE ����� ����� ����� �������

/RAL�3ENSORY�3ENSITIVITY ����� ���� ����� ������
)NATTENTIONAL�$ISTRACTIBILITY ����� ���� ����� ������

0OOR�2EGISTRATION ����� ���� ����� ��������
Sensory Sensitivity ����� ���� ����� �������
3EDENTARY ����� ����� ����� ������

&INE�-OTOR�0ERCEPTUAL ����� ����� ����� ������

Note.�-INIMUM�ALPHA�REQUIRED�AFTER�A�"ONFERRONI�ADJUSTMENT�FOR�THE�NINE�ONESAMPLE�tTEST�COMPARISONS�IS�p����������(OWEVER��ALL�3ENSORY�0ROlLE�FACTORS�WERE�
STATISTICALLY�SIGNIlCANT�IN�THE�PREDICTED�DIRECTION�WHEN�THE�ALPHA�WAS�NOT�ADJUSTED�AND�THE�TRADITIONAL�p��������TWOTAILED��TEST�WAS�USED��M���MEAN��SD���STANDARD�
DEVIATION�

3TATISTICALLY�SIGNIlCANT�DIFFERENCE��TWOTAILED�TEST	�

Table 3. Internal Consistency: Normed Sample and Gifted Sample 
Comparisons on 14 Sensory Profile Sections

3ECTION�

#OEFlCIENT�!LPHA

.ORMED�
3AMPLE

Gifted 
3AMPLE

3ENSORY�0ROCESSING
3ECTION�!��!UDITORY�0ROCESSING ���� ����
3ECTION�"��6ISUAL�0ROCESSING ���� ����
3ECTION�#��6ESTIBULAR�0ROCESSING ���� ����
3ECTION�$��4OUCH�4ACTILE�0ROCESSING ���� ����
3ECTION�%��-ULTISENSORY�0ROCESSING ���� ����
3ECTION�&��/RAL�3ENSORY�0ROCESSING�-ODULATION ���� ����
3ECTION�'��3ENSORY�0ROCESSING�2ELATED�TO�

%NDURANCE�4ONE
���� ����

3ECTION�(��-ODULATION�2ELATED�TO�"ODY�
0OSITION�AND�-OVEMENT

���� ����

3ECTION�)��-ODULATION�OF�-OVEMENT�!FFECTING�
!CTIVITY�,EVEL

���� ����

3ECTION�*��-ODULATION�OF�3ENSORY�)NPUT�
!FFECTING�%MOTIONAL�2ESPONSES

���� ����

3ECTION�+��-ODULATION�OF�6ISUAL��)NPUT�!FFECTING�
%MOTIONAL�2ESPONSES�AND�!CTIVITY�,EVEL

���� ����

"EHAVIORAL�AND�%MOTIONAL�2ESPONSES
3ECTION�,��%MOTIONAL�3OCIAL�2ESPONSES ���� ����
3ECTION�-��"EHAVIORAL�/UTCOMES�OF�3ENSORY�

0ROCESSING
���� ����

3ECTION�.��4HRESHOLD�FOR�2ESPONSE ���� ����

Table 4. Internal Consistency: Normed Sample and Gifted Sample 
Comparisons on Nine Sensory Profile Factors

&ACTOR

#OEFlCIENT�!LPHA
.ORMED 
3AMPLE

Gifted 
3AMPLE

3ENSORY�3EEKING ���� ����
%MOTIONAL�2EACTIVE ���� ����
,OW�%NDURANCE�4ONE ���� ����
/RAL�3ENSORY�3ENSITIVITY ���� ����
)NATTENTIONAL�$ISTRACTIBILITY ���� ����
0OOR�2EGISTRATION ���� ����
Sensory Sensitivity ���� ����
3EDENTARY ���� ����
&INE�-OTOR�0ERCEPTUAL ���� ����
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Professional educators working with gifted children may 
benefit from applying this information when developing 
classroom settings, activities, or both so as to accommodate 
children’s particular sensory processing and maximize their 
learning potential. For example, if a child is overly sensitive 
to certain auditory or visual stimulation, adjustments may 
be made to accommodate his or her sensitivities. Certainly, 
considerable caution should be taken in this accommodation 
process, which could lead to minor classroom adjustments 
that result in a more conducive learning environment: The 
intent is not to overly accommodate the child and thus cater 
to superfluous needs; rather, the accommodations should be 
based on a thorough evaluation process to determine the 
appropriate adjustment for the child.

Professional counselors may profit from knowing that 
gifted children process certain sensory stimuli differently from 
their general population cohorts. It may be that interpreting 
sensory stimuli differently from the general population affects 
gifted children in a variety of physical, psychological, and 
psychosocial ways. Recognizing that a gifted child may react 
or act differently from their peers to certain stimuli may be 
helpful in fully understanding the child. The same could be 
said for the parents of gifted children: If parents are aware of 
their gifted child’s particular sensory sensitivity, they may be 
more apt to understand certain problems that may arise as a 
result and recognize that their child is not intentionally behav-
ing inappropriately. Parents may consider modifying the 
home to reduce the stress associated with the child’s particular 
sensitivity or adapting their parenting techniques on the basis 
of this greater understanding of their child.

Note, however, that not all gifted children may react 
negatively to heightened sensitivity. Increased sensory aware-
ness may provide beneficial resources for quicker learning 
and more acute social awareness, which may be why many 
gifted children seem to be more mature or advanced socially 
than their same-age peers. The result of increased sensitivity, 
therefore, is likely to be different from child to child. Given 
the results of this study, future replication and investigation 
is needed to verify and expand on the understanding of sen-
sory sensitivities of gifted children.

,IMITATIONS�AND�&UTURE�2ESEARCH
Several areas of this study allow for improvement in future 
considerations. First, the norms of any tests are not exactly 
the same as the norms for any given population, and errors 
in generalization might occur. Therefore, if in the future 
comparisons are made of an identified gifted sample with a 
nonidentified gifted sample and with a control group of the 
same age, results might be more conclusive. Given gifted 
children’s high level of intellectual development, adults may 

expect other domains to be on par (Roedell, 1984), leading 
to the labeling of age-appropriate responses as troublesome. 
Thus, parents of gifted children may provide different 
responses in reaction to their heightened expectations of their 
child to items such as those found on the Sensory Profile 
than would parents of nongifted children. To reduce the 
impact of such expectations in future studies, unbiased raters 
without prior knowledge of the child’s intellectual abilities 
may be used to evaluate the sensory sensitivities of gifted 
children. Finally, all children in this study were White. It 
would be beneficial to further examine other gifted popula-
tions to determine the replicability of the findings presented 
here across samples of different socioeconomic status, race 
or ethnicity, or geographical location. We hope that the 
hypotheses raised here will stimulate interest in further 
experimental and clinical study and that the resultant research 
will improve our understanding of and interactions with 
gifted children. s
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Sensory processing is a personal trait that can contribute to challenging behavior. Protective factors, such as

resiliency, can support children in managing their behavior, yet little research has addressed the contribution

of sensory processing to protective factors. Therefore, in this cross-sectional study we aimed to determine the

contribution of sensory processing (using the Sensory Profile–2) to challenging behavior and protective

factors (using the Behavior Assessment System for Children, 2nd ed., Parent Rating Scales) in a sample of

51 children ages 6–11 yr from the general U.S. population. The results indicated that sensory avoiding

predicts externalizing behaviors, depression, resiliency, and adaptability. In addition, sensory seeking is

related to depression and resiliency, whereas sensory sensitivity is related to externalizing behaviors.

Implications for occupational therapy research and practice are discussed.

Dean, E. E., Little, L., Tomchek, S., & Dunn, W. (2018). Sensory processing in the general population: Adaptability, re-

siliency, and challenging behavior. American Journal of Occupational Therapy, 72, 7201195060. https://doi.org/

10.5014/ajot.2018.019919

S ensory processing describes the interface between a person’s neurological
function and the environment. Interactions between the environment and

person are at the heart of modern conceptualizations of health and can affect
participation (World Health Organization, 2007). Across disciplines, sensory
processing has been related to aspects of temperament (Aron & Aron, 1997;
Aron, Aron, & Jagiellowicz, 2012), including externalizing (Franklin, Deitz,
Jirikowic, & Astley, 2008; O’Donnell, Deitz, Kartin, Nalty, & Dawson, 2012;
Pérez-Robles et al., 2012) and internalizing (Ben-Sasson et al., 2008; DeSantis,
Harkins, Tronick, Kaplan, & Beeghly, 2011) behaviors. Whereas previous
studies have largely focused on children with particular conditions (e.g., autism
spectrum disorder [ASD], developmental disabilities), we have limited evidence
of how sensory processing patterns are related to challenging behaviors as well as
protective factors in children with and without such conditions (Dunn, Little,
Dean, Robertson, & Evans, 2016). Therefore, we investigated the extent to
which sensory processing patterns predicted challenging behaviors and pro-
tective factors in a sample of children from the general U.S. population.

Multidisciplinary Perspectives of Sensory Processing
Dunn’s (2014) Sensory Processing Framework (DSPF) theorizes sensory pro-
cessing as two continua of responses to environmental stimuli. People respond
differently to sensory information on the basis of how soon they detect (threshold)
and how they manage (self-regulation) sensory stimuli. According to DSPF,
threshold ranges from high (slow to detect) to low (quick to detect), and self-
regulation ranges from passive (reacts to stimuli as they happen) to active (plans
reaction to stimuli). These two continua interact to create four sensory pro-
cessing patterns: (1) registration (high threshold and passive self-regulation), (2)

The American Journal of Occupational Therapy 7201195060p1

Downloaded From: http://ajot.aota.org/ on 09/22/2018 Terms of Use: http://AOTA.org/terms



seeking (high threshold and active self-regulation, (3)
sensitivity (low threshold and passive self-regulation), and
(4) avoiding (low threshold and active self-regulation).

In personality research, sensory processing has been
shown to be related to, yet distinct from, emotion and self-
regulation (Gouze, Lavigne, Hopkins, Bryant, & Lebailly,
2012). In addition, some psychology studies have considered
sensory processing sensitivity (SPS) as a temperament, or
personality, trait (Aron & Aron, 1997; Aron et al., 2012)
and have defined SPS on a continuum of responsivity to
environmental stimuli. Responses from more sensitive
people are related to strong emotional reactions and in-
clude being more sensitive to subtle stimuli, pausing to
make observations in novel situations, and using complex
self-regulation strategies for planning responses and learning
from situations. Both SPS and DSPF consider sensory
processing a personal characteristic that allows a person to
make sense of the environment. However, only DSPF ac-
counts for the role of a neurological threshold, allowing
consideration of the full interaction between threshold and
responsiveness.

From a broad, developmental perspective, sensory
processing has been considered an innate biological trait.
From this viewpoint, specific aspects of sensory processing
have evolutionary benefits (Wolf, van Doorn, & Weissing,
2008, 2011). In particular, society needs responsive
people who notice and respond to subtle changes in the
environment as well as other people who do not notice
subtle changes and can calm the group. For example, if
there is a threat, someone with a low threshold for sen-
sory information will notice the threat early and respond.
However, society may become unstable if people always
act as though a threat were present. After the threat is
understood or dealt with, people with a high threshold
will quickly return to a calmer state and support others to
do the same. The range of sensory processing observed
through research suggests the adaptability of our species as
a collective.

Sensory Processing and Behavior
The above-mentioned multidisciplinary perspectives con-
tribute to our understanding of sensory processing as a
continuum of response that is characterized by great var-
iability and heterogeneity across the population. Research
has largely focused on the extent to which sensory pro-
cessing, as related to over- and underresponding, is asso-
ciated with challenging behaviors, such as internalizing and
externalizing. This section highlights research that has as-
sociated sensory processing with challenging behavior. In
addition, although little research has studied the relation

between sensory processing and protective factors, such as
adaptability and resiliency, this section highlights the evi-

dence that is available.

Internalizing

Internalizing behaviors, such as anxiety and depression,
have been associated with sensory processing across the

lifespan; for example, Lane, Reynolds, and Dumenci
(2012) found a small, positive relationship with sensory
sensitivity and anxiety in children ages 6–10 yr with

ASD, attention deficit hyperactivity disorder (ADHD),
and typical development. Similarly, typically developing

adults who are more sensitive to environmental stimuli
also display higher levels of stress (Bakker & Moulding,
2012; Benham, 2006), anxiety (Hofmann & Bitran,

2007; Kinnealey, Koenig, & Smith, 2011), and pain
catastrophizing (Engel-Yeger & Dunn, 2011; Meredith,

Rappel, Strong, & Bailey, 2015). Children with ASD
(Watson et al., 2011), as well as typically developing
children (Evans, Nelson, & Porter, 2012) who show in-

creased sensory sensitivity, also display lower levels of
adaptive social behaviors. Toddlers with ASD who

demonstrate a higher frequency of sensory-related behav-
iors (i.e., underresponsivity, overresponsivity, or sensory
seeking) also exhibit more negative emotionality, depres-

sion, and anxiety (Ben-Sasson et al., 2008). Finally, pre-
schoolers with ASD who demonstrate a higher frequency

of sensory seeking behaviors have been shown to have
more difficulty with receptive language and adaptive be-
havior (Tomchek, Little, & Dunn, 2015).

Externalizing

In regard to externalizing behaviors, Chuang, Tseng, Lu,
and Shieh (2012) found that children with autism who

were more sensitive to sensory input showed a higher
intensity of reaction to sensory stimuli (which is charac-
teristic of externalizing behaviors). Similarly, aggression

has been related to self-regulation (White, Jarrett, &
Ollendick, 2013) and a low threshold for sensory stimuli

(Crick & Dodge, 1996). Although only a limited amount
of research has investigated the relationship between
sensory processing and externalizing behaviors, these stud-

ies suggest a possible relationship between them. More re-
search is needed to add to this literature base.

Protective Factors

Although the aforementioned studies have considered how
sensory processing patterns relate to challenging behavior,
emerging evidence suggests that specific sensory features

may be related to children’s and adults’ interactions with
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their environment. For example, enhanced perception
(i.e., a hyperacuity or hyperfocus on the sensory elements
of activities) is positively associated with activity partici-
pation of young children with ASD (Little, Ausderau,
Sideris, & Baranek, 2015) as well as adults with ASD
(Baron-Cohen, Ashwin, Ashwin, Tavassoli, & Chakrabarti,
2009; Mottron, Dawson, & Soulières, 2009). In the adult
general population, researchers have also found relation-
ships between sensory seeking behaviors and active coping
strategies, such as increasing activity and ignoring pain
(Meredith et al., 2015). Given this evidence, sensory
processing patterns may be positively related to protective
factors (i.e., resilience and adaptability).

Evidence indicates that sensory processing is associated
with behavior, but much of the research has used either
participants with specific conditions (i.e., ASD) or typically
developing adults. The aim of this study was to examine the
extent to which sensory processing patterns predicted
challenging behavior (i.e., externalizing, internalizing) and
protective factors (i.e., resilience, adaptability) in the general
population of children ages 6–11 yr.

Method

Design

This study had a cross-sectional design with a national
sample so that we could determine the relation between
parent-reported sensory processing patterns and behav-
ioral characteristics of children ages 6–11 yr.

Participants

We recruited participants from the general population,
stratified on the basis of diagnosis, across the United States
for the Child Sensory Profile 2 (CSP–2; Dunn, 2014)
standardization study. See Dunn (2014) for more detail
on the recruitment and stratification methods of the
sample. The sample for this study included 51 children,
ages 6–11 yr, whose parents completed both the CSP–2
and the second edition of the Behavior Assessment System
for Children, Parent Rating Scales (BASC–2; Reynolds &
Kamphaus, 2004) assessments. Forty-four of the partici-
pants had no diagnosis, 5 had ADHD, and 2 had ASD
(Table 1).

Measures

The CSP–2 is an 86-item parent-report measure of a
child’s sensory processing characteristics. It provides scores
on sensory systems (i.e., auditory, visual, movement, body
position, and touch), behaviors related to sensory pro-
cessing (i.e., attention, conduct, and social emotional), and

sensory processing patterns associated with the DSPF
(i.e., registration, seeking, sensitivity, and avoiding), which
was described previously (see Table 2 for further descrip-
tions of the sensory processing patterns). An important
change from the original Sensory Profile (Dunn, 1999) is
that items on the CSP–2 are rated on a Likert scale
ranging from 0 (not applicable) to 5 (almost always).
Therefore, low scores on the CSP–2 indicate low frequency
of behaviors, whereas higher scores represent higher fre-
quency of behaviors. The CSP–2 was standardized on a
large national sample (n 5 697) and demonstrates strong
psychometric properties (Dunn, 2014). An important
change between the original Child Sensory Profile (Dunn,
1999) and the CSP–2 is that the item scoring was reversed.

The BASC–2 is a parent-report assessment that
measures how frequently children engage in both adap-
tive and maladaptive behaviors. To measure challenging
behavior, we used the Externalizing and Internalizing
composite scores. The Externalizing score consists of the
Aggression, Hyperactivity, and Conduct Problems sub-
scales, and the Internalizing score consists of the Depres-
sion, Anxiety, and Somatization subscales. To measure
protective factors, we used the Adaptability and Resil-
ience scales. The data in Table 3 describe the BASC–2
scales we used. Higher scores on the BASC–2 indicate
higher frequency of behavior.

Analysis

We used four multiple linear regression models on four
behavior scores (as measured by the BASC–2; i.e., Ex-
ternalizing, Internalizing, Adaptability, and Resiliency) to

Table 1. Age, Gender, and Diagnoses of Sample

Characteristic n (%)

Age, yr

6–8 16 (31)

8–10 19 (37)

10–12 16 (31)

Gender

Male 27 (53)

Female 24 (47)

Diagnosis

ADHD 5 (10)

ASD 2 (4)

No diagnosis 44 (86)

Ethnicity

Asian 1 (2)

Black 10 (20)

Hispanic 9 (18)

White 20 (39)

Other 11 (21)

Note. ADHD 5 attention deficit hyperactivity disorder; ASD 5 autism spec-
trum disorder.
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determine how sensory processing patterns (as measured
by the CSP–2) predict adaptive and maladaptive behavior.
We entered the independent variables (i.e., avoiding, sen-
sitivity, seeking, and registration) simultaneously into the
regression models so that we could determine the relative
contribution of each pattern. Additionally, for Internalizing,
we ran regression models based on the component scores
(i.e., Anxiety, Depression, Somatization).

For all models, we controlled for diagnosis by creating
a dichotomous variable and entering it into the model
before the other predictors. This allowed us to remove the
variance that may be associated with the conditions of the
children in the study.

Results
The data in Table 4 show the percentage of variance that
was accounted for in each of the regression models. Given
the number of regressions we conducted for this study
and the limited sample size, we reported the more con-
servative adjusted R2 coefficient. All of the models were
significant and ranged from 40% to 69% in percentage of
variance accounted for (see Table 4).

For Internalizing, the overall model was significant;
however, no specific sensory processing pattern was a
significant predictor. The Internalizing subscales (Anxiety,

Depression, and Somatization) demonstrated different
relationships among the predictors. Similar to the Inter-
nalizing composite, the overall model for Anxiety was sig-
nificant, adjusted R2 5 0.22, F(5, 45) 5 3.76, p 5 .006,
but no sensory processing pattern score was a significant
predictor. For Depression, adjusted R2 5 0.65, F(5, 45) 5
19.39, p < .001, both Avoiding, b 5 0.998, p < .001, and
Seeking, b 5 20.406, p 5 .008, were significant predic-
tors. The overall model for Somatization was not signifi-
cant, adjusted R2 5 0.05, F(5, 45) 5 1.47, p 5 .217. In
addition, Diagnosis and Avoiding predicted Adaptability
(see Table 4), and Avoiding and Seeking predicted Re-
siliency (see Table 4).

Discussion
In the current study we investigated the predictive value of
sensory processing patterns in regard to both challenging
behavior and protective factors in children in the general
population, including those with and without sensory
processing conditions. Our approach, which has drawn
from other disciplines, considers sensory processing a
continuum in the general population. Our research is nov-
el in that our sample included children from the general
population (including representative numbers of children
with varying conditions known to show differences in

Table 2. CSP–2 Sensory Processing Pattern Scale

Pattern Behavioral Characteristic Item Examples

Seeking Craves sensory input Needs to touch objects and people, fiddles with objects, is on the go,
watches people move around the room

Avoiding Is overwhelmed by sensory
input

Becomes distressed during large gatherings, is slower to participate in
physical activities, needs structure and routine

Sensitivity Detects and can be bothered
by sensory input

Reacts strongly to unexpected noises, has difficulty participating in noisy
environments, can be described as dramatic or overreactive

Registration Misses sensory input Needs help to find objects that are obvious to others, seems unaware of pain
or temperature changes, seems unaware when people enter the room

Note. CSP–2 5 Child Sensory Profile 2.

Table 3. BASC–2

Scale Measure

Challenging behaviorsa

Externalization Composite score of Hyperactivity, Aggression, and Conduct Problems. This group of scores indicates the level of disruptive behaviors
a child demonstrates.

Examples: Acts without thinking, is overly active, argues, disrupts other children, breaks rules, gets into trouble
Internalization Composite score of Anxiety, Depression, and Somatization. This group of scores describes behavioral patterns that indicate a child

overcontrols his or her behavior.
Examples: Complains about health, gets sick, worries, changes moods quickly, complains about being teased and not having friends

Protective factorsb

Resiliency Indicates a child’s ability to use supports to overcome obstacles.
Examples: Sets realistic goals, makes friends easily, recovers quickly after a setback

Adaptability Indicates the ability to adjust to changes in routine and shift from one task to another.
Examples: Adjusts well to changes, recovers quickly from setbacks, shares and plays well with others

Note. BASC–2 5 Behavior Assessment System for Children (2nd ed.), Parent Rating Scales.
aHigher scores indicate more difficulty. bHigher scores indicate more ability.
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sensory processing. We included children with and without
disabilities in recognition of the fact that occupational
therapists who design interventions in natural settings (i.e.,
schools, stores, museums, homes) must consider the sensory
processing patterns of all children.

We controlled for diagnosis in our models, to remove
any condition-specific variance. Diagnosis was not a sig-
nificant predictor in three of the four models. Adaptability
was the exception. Adaptability, as measured by the BASC–
2, refers to a child’s ability to adjust to changes in routine,
shift from one task to another, and play well with others.
In addition to the Avoiding subscale, which predicted
Adaptability, occupational therapy practitioners should
consider factors other than sensory processing when pro-
moting adaptability among children with conditions. For
example, a child’s cognition, developmental status, and
psychosocial features, or environmental familiarity and task
complexity, could also contribute to adaptability.

Challenging Behavior

Our research suggests that when avoiding behaviors are
more frequent, externalizing behaviors (i.e., hyperactivity,

aggression, and conduct problems) are more frequent as
well; yet, when we considered avoiding and sensitivity
together we noted that more frequent sensitivity behaviors
were associated with less frequent externalizing behaviors.
In other words, children with increased avoiding behaviors
showed increased externalizing, whereas increased sensi-
tivity was associated with decreased externalizing. Perhaps
passive regulation, as associated with sensitivity, is more
effective in helping children regulate responses that are
viewed as externalizing. Interventions focused on teaching
children to notice their response to sensory stimuli and to
internally plan a reaction may be helpful in reducing
externalizing behaviors. For example, Bakker andMoulding
(2012) found that adults with more frequent low-threshold
behaviors who also demonstrate more mindfulness showed
lower levels of anxiety and stress. Additionally, Barnes,
Vogel, Beck, Schoenfeld, and Owen (2008) found, in a sam-
ple of children with emotional disturbance, that a program
teaching strategies to recognize their level of arousal and
reactions to sensory stimuli resulted in increased self-
regulation skills.

No sensory processing pattern significantly predicted
internalizing behaviors (i.e., depression, anxiety, somatiza-
tion). This finding is contrary to previous research showing a
relationship between sensory processing and internalizing
(Ben-Sasson, Carter, & Briggs-Gowan, 2009; Ben-Sasson
et al., 2008). One reason for the difference may be that the
children in our sample did not exhibit enough internalizing
behaviors for the parent raters to notice. Another possibility
is that our sample did not have a high enough incidence of
internalizing problems (high frequency of internalizing be-
haviors) to detect an association.

Previous research has shown that parents of children who
do not show behavioral problems tend to report fewer in-
ternalizing behaviors than the children report (Smith, 2007).
Given that low levels of internalizing behaviors may be
difficult to measure through caregiver report, future research
into sensory processing and behavior in the general pop-
ulation may consider child report measures of internalizing
behavior. Our analysis of the Internalizing subscales, how-
ever, demonstrated different contributions of sensory pro-
cessing in each of the scales. No sensory processing pattern
predicted anxiety, yet the overall model was significant and
accounted for 29% of the variance. This could mean that
sensory processing in general influences anxiety but that no
one pattern is dominant. Previous research has reported that
low-threshold responses are related to anxiety (Kinnealey
et al., 2011; Lane et al., 2012). It may be, however, that
overall differences in sensory processing relate to anxiety.

Avoiding and seeking were significant predictors of
depression. When avoiding was taken into account, seeking

Table 4. Multiple Linear Regression Models Using Sensory
Processing Patterns as Predictors

Covariate b t(50) p

Externalizing behaviors

(adjusted R2 5 0.50, F [5, 45] 5 10.90, p < .001)

Diagnosis 0.18 1.59 .119

Avoiding 0.80 2.56 .014

Registration 0.45 1.22 .230

Seeking 0.03 0.17 .865

Sensitivity 20.71 –2.52 .015

Internalizing behaviors

(adjusted R2 5 0.40, F [5, 45] 5 7.78, p < .001)

Diagnosis 0.02 0.15 .881

Avoiding 0.61 1.80 .079

Registration 20.12 20.30 .765

Seeking 20.13 20.66 .512

Sensitivity .30 0.95 .346

Adaptability behaviors

(adjusted R25 0.57, F [5, 45] 5 14.34, p < .001)

Diagnosis 20.26 –2.14 .038

Avoiding –1.24 –4.31 <.001

Registration 0.38 1.11 .275

Seeking 0.10 0.64 .527

Sensitivity 0.20 0.80 .428

Resiliency behaviors

(adjusted R2 5 .69, F[5, 45] 5 23.37, p < .001)

Diagnosis 20.11 –1.25 .219

Avoiding –1.34 –5.51 <.001

Registration 0.13 0.45 .653

Seeking 0.32 2.34 .024

Sensitivity 0.25 1.15 .255
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predicted depression in a negative direction, indicating that
the more seeking behaviors a child exhibits, the less fre-
quently the child demonstrates behaviors associated with
depression. This finding is supported by those of Meredith
and colleagues (2015), who found that seeking in adults was
related to active coping mechanisms in adults. A key
component of the seeking pattern is engagement with the
environment. The finding that seeking was negatively as-
sociated with depression could also indicate that when
children are sufficiently interested in activities to fully
engage in the environment, they cope better and display
fewer depressive behaviors. Another hypothesis is that in
environments where a child’s sensory patterns are sup-
ported, they engage more in the environment. Further
research is needed to understand how seeking supports
internalizing behaviors such as depression.

Resiliency and Adaptability

We found that avoiding was a negative predictor of re-
siliency, yet, seeking was a positive predictor of resiliency
when entered into the model with avoiding. Perhaps
children who engage in sensory seeking behaviors are exer-
cising active regulation strategies to counteract their aversions,
or avoidance. Resiliency, as measured by the BASC–2, refers
to a personal trait that reflects resourcefulness and flexibility
of functioning (Block & Block, 1980). Our findings suggest
that children who engage more actively in their environment
(i.e., seeking) show increased resilient behaviors. Given
previous research relating seeking patterns to repetitive
behaviors in children with ASD, such as Boyd, McBee,
Holtzclaw, Baranek, and Bodfish’s (2009) study, our finding
relating seeking to resiliency may cast a new light on behav-
iors considered maladaptive in the ASD population. Perhaps
their behaviors are adaptive in the sense that the children are
trying to manage overwhelming situations for them.

Overall, scores on the Avoiding subscale increased all
challenging behavior scores and decreased scores on the
Adaptive subscale, indicating that children who have a low
threshold for sensory stimuli and have active self-regulation
strategies need more support to manage their behavior.
Children who show increased avoiding behaviors may
benefit from intervention to help them develop self-regulation
strategies that are viewed as more appropriate to their peers,
parents, and teachers. In addition, if avoiding behaviors
increase challenging behavior and decrease adaptive be-
havior, occupational therapy practitioners can support
children by creating or adapting environments and rou-
tines to limit the amount of sensory information. For
example, children may benefit from going to playgrounds
at less crowded times. Also, occupational therapy practitioners
may work with families to create morning and evening

routines that are predictable and allow the child to control
the amount of sensory input they receive (i.e., decide when
to turn the lights on in the morning, the taste and texture
of their toothpaste, or howmany errands to run after school).
Creating environments in which children’s need for pre-
dictability and control (which is characteristic of avoiding
behaviors) is met may reduce challenging behaviors.

There were several limitations to this study. First, the
sample size was small for the amount and type of data
analyses performed. This limited the conclusions we could
make. Additionally, it is possible that some sensory processing
patterns that were not significant in our study would have
been significant in a study with a larger sample size. Future
research should consider the relationship between sensory
processing and behavior or participation using a larger sample
size to allow researchers to draw more definitive conclusions.
However, the large regression coefficients and small p values
obtained in our analysis give us confidence that the rela-
tionships we noted are reliable. Finally, we did not correct
for the number of comparisons made in the analysis.

Implications for Occupational
Therapy Practice
We found specific relationships between sensory pro-
cessing patterns and behavior, particularly with regard to
challenging and adaptive behaviors in the general pop-
ulation. Certain sensory patterns predicted externalizing
behaviors, depression, resiliency, and adaptability. The
findings of this study have the following implications for
occupational therapy intervention:
• Sensory processing differences affect children’s behavior.
• Sensory characteristics of the environment are impor-

tant considerations for all children.
• Occupational therapy practitioners can collaborate

with parents and other professionals to modify envi-
ronments that support positive behavior and partici-
pation for all children.

• Further studies are needed to understand the adaptive
qualities of sensory processing behaviors.

Conclusion
This research connects sensory processing and behavioral
characteristics in a general population of children. Most
research on relationships between sensory processing and
behavior has examined specific diagnostic groups, mainly
ASD. In this study we used a sample of children from the
general population, which allows us to think about sensory
processing as a relevant feature for understanding all
children’s behaviors. s
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Pérez-Robles, R., Doval, E., Jané, M. C., Caldeira da Silva, P.,
Papoila, A. L., & Virella, D. (2013). The role of sensory
modulation deficits and behavioral symptoms in a diagnosis
for early childhood. Child Psychiatry and Human Development,
44, 400–411. https://doi.org/10.1007/s10578-012-0334-x

Reynolds, C. R., & Kamphaus, R. W. (2004). Behavior Assess-
ment System for Children (2nd ed.). Bloomington, MN:
Pearson Assessments.

Smith, S. R. (2007). Making sense of multiple informants in
child and adolescent psychopathology a guide for clini-
cians. Journal of Psychoeducational Assessment, 25, 139–149.
https://doi.org/10.1177/0734282906296233

Tomchek, S. D., Little, L. M., & Dunn, W. (2015). Sensory
pattern contributions to developmental performance in
children with autism spectrum disorder. American Journal
of Occupational Therapy, 69, 6905185040. https://doi.org/
10.5014/ajot.2015.018044

Watson, L. R., Patten, E., Baranek, G. T., Poe, M., Boyd,
B. A., Freuler, A., & Lorenzi, J. (2011). Differential asso-

ciations between sensory response patterns and language,
social, and communication measures in children with au-
tism or other developmental disabilities. Journal of Speech,
Language, and Hearing Research, 54, 1562–1576. https://
doi.org/10.1044/1092-4388(2011/10-0029)

White, B. A., Jarrett, M. A., & Ollendick, T. H. (2013). Self-
regulation deficits explain the link between reactive aggres-
sion and internalizing and externalizing behavior problems
in children. Journal of Psychopathology and Behavioral
Assessment, 35, 1–9. https://doi.org/10.1007/s10862-012-
9310-9

Wolf, M., van Doorn, G. S., & Weissing, F. J. (2008). Evo-
lutionary emergence of responsive and unresponsive per-
sonalities. Proceedings of the National Academy of Sciences of
the United States of America, 105, 15825–15830. https://
doi.org/10.1073/pnas.0805473105

Wolf, M., van Doorn, G. S., & Weissing, F. J. (2011). On the
coevolution of social responsiveness and behavioural con-
sistency. Proceedings of the Royal Society of London B, Bi-
ological Sciences, 278, 440–448. https://doi.org/10.1098/
rspb.2010.1051

World Health Organization. (2007). International classification
of functioning, disability, and health: Children and youth
version. Geneva: Author.

7201195060p8 January/February 2018, Volume 72, Number 1
Downloaded From: http://ajot.aota.org/ on 09/22/2018 Terms of Use: http://AOTA.org/terms


