Sorting Out Processing Disorders – Auditory or Language:

Applied Case Studies

Jeanane Ferre, Ph.D., CCC-A







Gail J. Richard, Ph.D., CCC-SLP

I.
The ability to abstract meaning from an acoustic stimulus (Massaro,  1975)

II.
Continuum  of  Processing

III.
Neuropsychology:  Science of understanding how behaviors are related to brain function


A.
All behavior mediated by CNS


B.
A.R. Luria - Functional Organization of the Brain



1.
Brain structures all play highly specific role & all under coordinated control



2.
Every mental activity affected through joint activity of discrete cortical systems



3.
When one system fails, behavior fails – other parts secondarily resume function

C.
First Functional Unit = Reticular Formation


1.
Neurological readiness to interact with environment



2.
Energy system for cortex



3.
Brainstem = midbrain, pons, medulla oblongata



4.
Maintain attentive state to incoming signals



5.
Awakens brain; keeps it alert; directs neural traffic


D.
Second Finctional Unit = Parietal (tactile), Occipital (visual), Temporal (acoustic) lobes


1.
Isolate neural impulses; discrete areas for analysis, storage, coding, organization



2.
Each cortical section further delineated into three zones


E.
Third Functional Unit = Frontal Lobes


1.
Active response through motoric expression to stimuli processed in second functional unit



2.
Planning, managing behavior in relation to perceptions and knowledge – through motor response


F.
Primary Zone 



1.
Reception of incoming neural impulses



2.
Not involved in interpretation of meaningfulness of stimuli; only sensation



3.
Impairment = sensory impairment; not higher order processing


G.
Secondary Zone


1.
Process incoming information and attach meaning to input received



2.
Interpretation through coding, organizing, associating, storing



3.
Integrate into meaningful experiences


H.
Tertiary Zone


1.
Multisensory neural integration between sensory secondary zones



2.
Integrate newly organized stimuli with stored information



3.
Integrate discrete neural impulses between modality areas



4.
Coordinate higher level processing



5.
Integrate information from all cortices



6.
Transfer passive receptive input into active expressive output


I.
Model  Conclusions


1.
Hierarchical integration of processing ; neuromaturational order of zones



2.
zones develop maturationally in order; tertiary last to mature and most fragile



3.
Progressive attachment of meaning to stimuli; contribution of each level 



4.
Concept integrates entire nervous system in thinking process


J.
Premise of Using Neuropsychological  Model For Evaluation


1.
Behavior is function of CNS activity



2.
Assuming CNS functions systematically AND dysfunctions systematically – possible to measure skills in 



children which reflect systematic CNS patterns



3.
Selected subtests used to sample subset of behaviors reflecting CNS function



4.
Deficits in particular skills should be demonstrated on more than one subtest


K.
Conclusions


1.
Luria’s model defines brain area responsibilities for processing



2.
Audiologist perspective very neurological in orientation



3.
Speech-language pathologist perspective has behavioral orientation



4.
Neurological model implies brain function in hierarchical progression for assessment and remediation

IV.
Neuroaudiological Bases of CAPD 

A.
Audiology Processing  – “what we do with what we hear” 


B.
Auditory Processing Disorder result from ANY breakdown in broad set of skills  needed to deal with auditory 


information



1.
attention 

3.
cognition



2.
memory 


4.
hearing
V.
CENTRAL Auditory Processing Deficits  (CAPDs): Auditory processing disorders caused by deficiency in skills subserved 
by the CENTRAL auditory mechanism in brainstem and brain


A.
Include (to date) (ASHA 1996)



1.
sound localization: ability to hear sound in space, subserved by brain



2.
auditory discrimination: ability to tell difference between two acoustic events, subserved by cortex, 



primarily left hemisphere



3.
auditory pattern recognition: ability to recognize acoustic pattern, subserved by cortex, primarily right 



hemisphere



4.
temporal resolution: ability to perceive changes in speech spectra over time, subserved by cortex, probably 



left hemisphere



5.
temporal masking: blocking of one sound by ones that come before or after it, probably left hemisphere



6.
temporal integration: ability to synthesize multiple cues over time, cortical and interhemispheric sites


7.
temporal ordering: perception of order of acoustic events, subserved by cortex, probably the insula


B.
Ability to identify or recognize degraded or competing targets – requires all of the above


C.
 Central auditory deficits may result in / coexist with difficulties in other CNS-based skills



1.
learning disabilities 


3.
attention deficits


2.
speech-language impairment

4.
developmental disabilities

D.
This information and lists of behavioral manifestations ARE NOT diagnostic for specific central auditory deficit.  



1.
Accurate diagnosis can help explain manifestations.



2.
Keep in mind – just because you have all the behaviors doesn’t mean you have CAPD.



3.
Conversely, diagnosis of specific central auditory deficit doesn’t mean have all   behaviors.


E.
Assessment Results  



1.
neurological integrity of system AND functional capabilities of  listener. 



2.
Information about function provides better understanding of listener’s strengths / weaknesses with respect 



to academic achievement, communicative success, & life skills.

VI.
Central Auditory Evaluation

A.
Audiological CAPD evaluation involves  battery of tests designed to examine how efficiently CANS operates by 


“overloading” or “overworking” it.  


B.
Central auditory tests go beyond standard hearing tests to examine how well the auditory system uses or interprets 


information sent from the ear.


C.
Typical Components of Central Auditory Evaluation
Test Type



Processes assessed


Underlying site

standard audiometric tests

 
hearing sensitivity/acuity


peripheral system  


puretone air/bone 

 
speech thresholds 

 
word recognition


standard immittance tests


signal transmission


peripheral/central

 
tympanogram













  
acoustic reflexes 


monaural low redundancy 
 

auditory closure



primary aud cortex 


 
low-pass filtered speech


auditory discrimination


time-compressed speech


binaural interaction tasks

 
interaction between the ears 

brainstem

   
binaural fusion

  
masking level difference


binaural integration tasks


closure 




LH, RH, CC

 
 dichotic digits



integration


 
 dichotic rhyme



ordering


 
 staggered spondaic words




 
 dichotic CVs

 
 competing words


binaural separation tasks


neuromaturation 



LH, RH, CC    

   
competing sentences


separation


temporal processing tasks


temporal patterning


RH, LH, CC


random gap detection
        

temporal resolution


pitch patterns test 













duration patterns test


speech-in-noise tests


varied




varied
VII.
CAPD Subtypes


A.
General Comments



1.
The nature of CAPD discerned by examining performance across tests



2.
Many children present with only one subtype. Others present with combined subtype profiles 



3.
Predominant subtype important for management.



4.
Five Subtypes of CAPD – based on presumed anatomical site of dysfunction


B.
Auditory Decoding Deficit



1.
Definition: Poor discrimination of fine acoustic differences in speech. Likely site of dysfunction= primary 



auditory cortex. Signal distortion at point of neural representation.



2.
Keyword: They do not “hear.”  The “what” kids.



3.
Key CAF Findings




a)
poor auditory discrimination, closure, temporal resolution




b)
poor scores for degraded speech tasks




c)
right ear often poorer than left 




d)
errors phonemically similar to target



4.
Key Behaviors – Difficulty in situations with




a)
 reduced external redundancy
d)
excessive noise and/or reverberation




b)
 unfamiliar with vocabulary
e)
auditory chaos in groups



c)
 few or no contextual or visual cues



5.
Communication Problems 




a)
vocabulary


c)
semantics



b)
syntax



d)
second language acquisition


6.
Academic Problems 




a)
reading



e)
note taking



b)
decoding


f)
following directions



c)
spelling



7.
Other Considerations




Wepman ADT – reliable screener for poor discrimination, memory tests – poor decoders tend to do more 



poorly on word memory tests than on sentence memory test, spelling – if you can spell it the “way it 



sounds” you probably have adequate auditory decoding skills.


C.
Integration  Deficit



1.
Definition: Deficiency in ability to do tasks that require intersensory or interhemispheric communication.  



Reflects delayed / abnormal interhemispheric communication. Deficiency in ability to coordinate 




multimodal inputs.



2.
Keyword: They do not “synthesize.”  “It’s too much.”



3.
Key CAF Findings




a)
excessive left ear suppression on dichotic listening tasks




b)
can’t label auditory patterns but can mimic them



4.
Key Behaviors




a)
trouble knowing “how to” do some task, tends to “watch and wait,” poor starter, poor transitions, 




needs more time;




b)
lots of “I don’t know,” “I don’t get it” or “I have no idea”




c)
variable trouble in noise



5.
Communication Problems – Variable impact



6.
Academic Problems 




a)
reading



d)
writing skills



b)
recognition


e)
other integrative tasks



c)
spelling



7.
Other Considerations




a)
tend to spell phonetically not by the rules, can “sing” the alphabet but struggle to “say” it




b)
digit span tests – tend to have more trouble with digits reversed 




c)
memory tests – difficulty with sentences; better on word memory

D.
Prosodic Deficit



1.
Definition:  Deficiency in ability to use prosodic features of target.  Believed to reflect inefficient right 



hemisphere function.



2.
Keyword: Subtle problems. It’s all “too fast;” “blah, blah, blah something.”



3.
Key CAF Findings




a).
poor labeling AND mimicking of temporal patterns  




b).
poor temporal integration




c).
reflects poor gestalt pattern recognition skills – unisensory in this case



4.
Key Behaviors




a)
pragmatic language problems, including trouble with nonverbal cues, e.g., facial expressions, body 



language, gestures, sarcasm, heteronyms




b)
expressive speech may be monotone, poor rhythm perception




c)
possible deficits in music


5.
Variable Academic Impact – cohort of nonverbal learning disability



6.
Other Considerations



a)
The Alphabet Song – sung off-key or off- tempo 




b)
music & musical cues – doesn’t like music or can’t “carry a tune”




c)
multisyllabic production – “trips” over multisyllabic words or leaves syllables out


E.
Auditory Association Deficit



1.
Definition: not applying RULES of LANGUAGE to acoustic signal.  Inefficient communication between 



primary and associative cortical regions (i.e., inefficient intrahemispheric cooperation).



2.
Keyword: They do not “translate.”  The “huh” kids.



3.
Key CAF Findings




a)
 bilaterally depressed scores on dichotic listening tasks




b)
 OK pitch pattern labeling



4.
Key Behaviors - request clarification, saying “I don’t know what you MEAN” or “I don’t understand.” 



5.
Communicative Problems  




a)
syntax 



d)
verbal and/or written expression




b)
vocabulary


e)
pragmatics / social communication



c)
semantics


f)
foreign language acquisition.



6.
Academic Problems




a)
reading decoding OK but weak comprehension




b)
trouble with math word problems




c)
early academics may be OK but declines with increasing linguistic demands.



7.
Other Considerations




 language-biased IQ tests tend to underestimate true potential; more reliable estimate with non language-



biased instrument such as Leiter or TONI.

F.
Output-Organization Deficit



1.
Definition: Deficiency in ability to organize, sequence, plan, or recall appropriate responses.  Difficulty on 



tasks requiring efficient motor path transmission/motor planning.  May be behavioral manifestation of 



impaired efferent function or planning/executive function deficit.



2.
Key CAF Findings




a)
poor performance in noise, 




b)
target reversals




c)
ordering problems




d)
omission of target/substitution with previously heard word.



3.
Key Behaviors




a)
disorganized, impulsive




b)
poor planner



4.
Communication Problems




a)
expressive language




b)
articulation




c)
syntax



5.
Academic Problems




a)
following directions




b)
note-taking




c)
remembering assignments



6.
Other Considerations




free vs. directed recall tasks – tend to perform much better with free recall than with directed recall tasks

VIII.
Language Processing Assessment

A.
Test Battery


1.
Primary Zone



2.
Receptive Language Developmental Level



3.
Secondary Zone



4.
Tertiary Zone



5.
Word Retrieval



6.
Auditory Memory


B.
Non-Audiological / Functional Assessment Examples


1.
Auditory Discrimination



2.
Auditory Memory



3.
Auditory Figure Ground



4.
Sound Blending


C.
Secondary Zone Assessment


D.
Tertiary  Zone  Assessment


E.
Adjunct Areas of Assessment



1.
Word Retrieval



2.
Memory – related and unrelated

F.
Types of LP Procedures



1.
Auditory input



2.
Subtest complexity



3.
Discrete language skills



4.
Increase processing demand



5.
Multimodality tertiary integration skills


G.
Summary Language Processing Assessment Comments


1.
Language develops in hierarchy of cognitive complexity



2.
Language progresses from concrete functional  to more abstract



3.
Language processing is imposed ‘on top of’ basic language foundation


4.
Language processing continues to develop and refine throughout life
IX.
Case Examples
Cassie 
 C.A.= 8.8
Referral: poor sort term memory yet strong functional memory skills; strong visual memory; history of MEE, no tubes.

	Test
	Age Eq
	Percent
	Stand Sc

	LPT
	7-9
	27
	90

	TOPS
	7-8
	31
	95

	TWF
	Fast & Accurate
	80
	112

	ITPA

Sound Bl

Aud Clos

Seq Mem
	2-4

6-9

7-7
	 
	Scaled 

15

29

33


	 
	Right Ear
	Left Ear

	Low pass filtered speech
	56% *
	56% *

	Time compressed speech
	64% *
	60 % *

	Dichotic Digits
	78%  
	70%

	SSW (scores in % error)
	RNC=4

RC=28 *
	LC=41*

LNC=18*

	Competing sentences
	100%
	55%

	Pitch patterns
	90%
	100%


Auditory processing profile: Auditory decoding deficit 

Primary characteristics: exhibits difficulty on tasks of speech-sound discrimination, auditory closure, binaural integration/separation, some aspects of temporal processing 

Probable site of dysfunction: primary auditory cortex (second functional unit)

Recommended modifications and compensations: 
preferential classroom seating 

noise abatement at school and at home 

direct signal enhancement via trial with an FM system  and/or use of assistive 

signal repetition 

American Sign Language as his second language choice

use of tape recorder in class 

adjusted class schedule to minimize auditory overload 

preteaching of new information, especially vocabulary 

multisensory educational environment with verbal material complemented in writing or graphically  

Recommended direct remediation activities:
discrimination training using speech and nonspeech targets

noise tolerance training 

lipreading/speechreading skills 

auditory closure activities 

schema induction

reauditorization

attribution and self-advocacy training 

Games : 
Earobics for children (both levels) 


Wheel of fortune

telephone game 




sound blending games

rhyming games, including A Rhyme in Time

vigilance games

Hanna’s last-sound game, problem-solving games
Caleb 
 C.A.= 10.0
Referral: School testing indicated auditory processing disorder with difficulty following multi-step directions, poor performance on CELF and TAPS. Student “doesn’t get stuff;” receiving speech-language services.

	 
	Right Ear
	Left Ear

	Low pass filtered speech
	NU#6=64%*

NU-CHIPS=80% 
	NU#6=68%*

NU-CHIPS=80%

	Time compressed speech
	100% 
	90 % 

	Dichotic Digits
	100%  
	95% 

	Dichotic Rhyme
	53%
	40%

	Competing sentences
	100%
	90%

	Pitch patterns
	100%
	100%


	Test
	Age Eq
	Percent
	Stand Sc

	LPT
	7-8
	24
	85

	TOPS
	7-10
	28
	92

	TWF
	Slow & Accurate
	56
	102

	ITPA

Sound Bl

Aud Clos

Seq Mem
	Above

8-3

Above
	
	Scaled 

43

35

42


· Auditory processing profile: normal CAP skills, no evidence of any auditory processing disorder; previously diagnosed “auditory processing disorder” was likely a language processing disorder 

· Language processing profile

· Secondary Zone – build discrete skills

· Tertiary Zone – integration; problem solving

· Word Retrieval – maintain accuracy; work on speed
Ariel  C.A = 9.0
Referral: Failure to thrive in educational setting; repeated kindergarten;
currently in 2nd grade. Taking concerta. Slow to respond in testing.
	Test
	Age Eq
	Percent
	Stand Sc

	LPT
	below
	1
	57

	TOPS
	6-1
	2
	56

	TWF
	Slow & Inaccurate
	Below 2
	Below 70

	ITPA

Sound Bl

Aud Clos

Seq Mem
	3-8

4-6

4-10
	 
	Scaled 

21

15

27


	 
	Right Ear
	Left Ear

	Low pass filtered speech
	72% 
	72%

	Time compressed speech
	92% 
	92 % 

	Dichotic Digits
	85%  
	35% *

	SSW (scores in % error)
	RNC=-3

RC=20 *
	LC=40*

LNC=-2

	Competing sentences
	90%
	45%

	Pitch patterns
	100%

10*
	100%

10*


Auditory processing profile: Integration deficit 
Primary characteristics: interhemispheric integration, exhibits difficulty on temporal patterning tasks requiring verbal mediation and left ear difficulty on dichotic listening tasks   
Probable site of dysfunction:  tertiary zone of second functional unit

Recommended modifications and compensations: 
allowed to look or listen 

repetition of information with associated visual cue, demonstration, or model 

always told task demands “up front” 

information presented sequentially rather than simultaneously

preteaching 

untimed tests and extended time for projects/assignments

on standardized tests, allowed to write answers in test booklet rather than on computer-scored answer sheet 

tape recorder or notetaker 

books on tape 

increased use of study guides, including Cliff’s Notes(   

played classical music tapes while studying at home  

Recommended direct remediation activities: 
interhemispheric transfer exercises

verbal rehearsal

dichotic listening exercises

schema induction

speech-in-noise training 


attribution and self advocacy skills training

speech-to-print skills training 

The games she played: 
Name that tune



Simon

Feely bag



piano lessons

UpWords 



gymnastics

Rummikub 



Twister

Bopit




Brain Warp
Caroline: 12 years – 6 months
 
Reason for referral: diagnosed at age 9 years (in another state) with “central auditory deficiencies in the areas of noise tolerance, memory, and auditory decoding” with recommendation for Fast ForWord and FM system. 

 Client reported as easily distracted and having difficulty sustaining attention in social/group communication situations. Reported difficulty with pragmatic language. Verbal IQ significantly higher than performance IQ – diagnosed with nonverbal learning disability (NVLD). Characteristics of Asperger’s Syndrome and Attention Deficit Disorder were reported. Medical history positive for recurrent middle ear effusion and URIs. Parents requested evaluation to update CAP information in preparation for IEP meeting 
at new school. 
	 
	Right Ear
	Left Ear

	Low pass filtered speech
	72% *
	80% *

	Time compressed speech
	88% *
	92 % 

	Dichotic Digits
	95%  
	95% 

	 
	 
	 

	Competing sentences
	95%
	95%

	Pitch patterns-labeling
	90%
	100%


	Test
	Standard Score
	Percentile Rank
	Age Equivalency

	PPVT
	128
	97
	22+

	CASL - total
	91
	27
	

	-  Antonyms
	116
	86
	14.9

	-  Gram. morph
	92
	30
	10-8

	-  Sentence comp
	98
	45
	10-8

	-  Nonliteral lang
	93
	32
	10-10

	-  Pragmatic judge
	72 *
	3
	7-8

	-  Ambiguous sent
	75 *
	5
	7-6

	-  Inference
	81 *
	10
	9-0

	OWLS- Written Expression
	93
	32
	10-3


· Diagnosis: no evidence of specific central auditory disorder at this time; Communication profile consistent with Asperger

· Intervention Suggestions:

· Social pragmatic

· Nonverbal cues

· Discourse

· Situational strategies

· Problem-solving / reasoning

· Fine motor compensation

· Routines

· Sensory breaks/ movement/exercise during school day

· Classroom modifications to insure comprehension

X.
“More subtle forms of language deprivation do not show up in such dramatic ways, but may ultimately affect abilities to 
think abstractly, plan ahead and defer gratification, control attention, and perform higher order analysis and problem solving 
– the very skills so much at issue in American schools today.”

 Jane Healy,  Endangered Minds
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Thirty great games/books to enhance auditory processing and related skills

Game 



 

auditory processing or related skill(s) 

A Rhyme in Time(



speech sound discrimination, auditory closure

Battleship(




active listening, visual patterning, integration 

Blind Man’s Bluff



localization, binaural interaction

Boggle( 




pattern recognition, integration

Bopit(,  Bopit Extreme(   


integration, vigilance

Brain Warp( 




vigilance, integration, problem-solving

Card games (e.g., Rummy) 


pattern recognition, sequencing

Catch Phrase( 



integration, vocabulary development, output    

Clever Endeavour(



metalinguistic strategies, critical listening

Feely Bag




interhemispheric communication

Hanna’s last-sound game2


auditory discrimination

Mad Gab(




temporal patterning, metalinguistic skills

Marco Polo




localization, binaural interaction

Musical Chairs (also Cake Walks) 

vigilance

Name that tune



interhemispheric transfer of function

Password( 




vocabulary building, metalinguistic skills

Plexers(




metalinguistic strategies

Rags to Riches*



metalinguistic skills (idioms)

Read My Lips(



lipreading/speechreading

Red Light- Green Light 


vigilance, active listening



Rummikub(




patterning, problem solving, integration

Scattergories( 




vocabulary building, metalinguistic strategies


Scrabble(




integration, linguistic skills, visual patterning

Simon( 




auditory-visual patterning

Simon Says 




vigilance, active listening

Taboo( 




vocabulary building, metalinguistic strategies

Telephone game



attention, active listening, discrimination

Twister(




integration, critical listening

UpWords(




integration, visual patterning

Wheel of Fortune( 



auditory closure

