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CAPDs – Basic Principles to Remember

· A (CENTRAL) auditory processing disorder is a deficit in the neural processing of auditory stimuli, 

characterized by deficiency in those skills that are subserved by the CENTRAL auditory mechanism in the brainstem and brain and include (to date): 

sound localization and lateralization; auditory discrimination; auditory pattern 

recognition; temporal resolution, masking, integration, and ordering; ability to 

identify or recognize degraded or competing targets (ASHA, 1996);

· CENTRAL auditory deficits may result in or coexist with difficulties in other CNS-based skills, such 

as learning disabilities, speech-language impairment, attention deficit, developmental disabilities;


· audiologists are uniquely suited to diagnose central auditory deficits. Speech-language pathologists, psychologists, neuropsychologists, and others have a variety of assessment tools that can provide insights into the listener’s auditory performance in a variety of contexts;

· assessment results can provide a better understanding of the listener’s strengths and weaknesses 

with respect to academic achievement, communicative success,  and life skills.

· results of a central auditory evaluation help professionals develop deficit-specific management 

strategies;  

· effective management of CAPDs includes modification of the listening/communicative environment, use of compensatory strategies, and direct remediation to develop deficient skills. 


CAP Test battery  

· audiological evaluation of CAPD involves a battery of tests designed to examine how efficiently the CANS operates by “overloading” or ”overworking” it. 

· appropriate for children as young as six, results are compared to an age-matched peer group and performance profiles emerge that provide insights into the nature of the CAPD. 

· Tests of CENTRAL AUDITORY FUNCTION minimize influence of language, cognition and other sensory processing skills on performance and maximize function of CANS.

· Results are examined with respect to the central auditory process (or processes) that are being taxed as well as the underlying anatomical site that subserves those skills.

Typical Components of a Behavioral Central Auditory Evaluation

Test Type




Processes taxed 



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



auditory cortex/LH 


     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/corpus callosum

     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
Requirements/Contraindications for testing 

· normal to near-normal hearing sensitivity – tests were designed for use with patients having normal to 

near normal hearing. Test results are confounded by presence of peripheral hearing loss. 



· sufficient receptive and expressive speech and language skills – tests use a verbal response. There are picture-pointing versions, but that adds a confounding factor to testing (visual cues). Language age for most of the tests' vocabulary is around 5-6 years. 

· normal to near-normal intellectual function – tests were “normed” on persons with IQs of 85-115. Testing is possible with individuals with sub-average to sub-normal intelligence but interpretation is more cautious.

· age – there are versions of some tests for use with kids as young as six. For some tests, the norms are only good down to 8 years. Between ages of 3-6, use screening measures to get a general idea of extent to which skills are developing BUT NOT to diagnose a specific deficit. To date, THERE ARE NO BEHAVIORAL CAP tests for use with children under three years. 

Test Interpretation                     

· Performance below normal limits on a single central auditory test is not considered diagnostically significant for specific central auditory deficit. Ferre and Wilber (1987) noted that 85% of children with normal processing skills would be misdiagnosed as having a CAPD if failure on a single test was used as the criterion. Conversely, this model does not require that all tests be failed to diagnose a CAPD. Instead, performance across tests is examined to develop profiles of specific types of central auditory deficits. 

· The nature of the central auditory deficit may be discerned by examining performance across tests within the battery. Various types of auditory processing deficits will yield “ performance patterns” across battery.  

· This model describes five CAPD subtypes. Many children will present with only one subtype. Others may present with combined subtype profiles. Knowing the predominant subtype has important implications for management.
· Primary subtypes: based upon presumed anatomical site of dysfunction include Auditory Decoding Deficit, Integration Deficit, and Prosodic Deficit.
Decoding Deficit: poor discrimination of fine acoustic differences in speech.  Likely site of dysfunction - primary auditory cortex.  Signal distortion at point of neural representation.  Keyword:  They do not “hear”.  The “what” kids.  Key CAF findings:  poor auditory discrimination, closure, temporal resolution.  Poor scores for degraded speech tasks, right ear often poorer than left. Errors are phonemically similar to target.  Key day-to-day behaviors: difficulty in situations with reduced external redundancy - unfamiliar with vocabulary, few or no contextual or visual cues, excessive noise and/or reverberation, auditory chaos; in groups. Report “can’t hear”, “didn’t hear".  Mishears, needs repetition, SLOW & INACCURATE.  May have communicative problems in vocabulary, syntax, semantics, second language acquisition and/or academic problems in reading decoding, spelling, notetaking, direction following.

Integration Deficit: Deficiency in the ability to perform tasks that require intersensory or interhemispheric communication.  Reflects delayed/abnormal interhemispheric communication.  Inability to coordinate multimodal inputs.  Keyword:  They do not “synthesize”.  “It’s too much”.  Key CAF findings: excessive left ear suppression on dichotic listening tasks AND can’t label auditory patterns but can mimic them.   Key day-to-day behaviors: trouble knowing "how to" do some task, tends to "watch and wait", poor starter, poor transitions, needs more time; lots of "I don't know", "I don't get it" or "I have no idea".  Variable trouble in noise. Variable impact on communication.  Academic effects in reading recognition, spelling, writing skills, other integrative tasks.

Prosodic Deficit: Deficiency in ability to use prosodic features of target.  Believed to reflect inefficient right hemisphere function. Keyword:  Subtle problems. It’s all “too fast”.  “blah, blah, blah, something”.  Key CAF findings: poor labelling AND mimicking of  temporal patterns, excessive left ear suppression on dichotic tests, may show poor temporal integration. Reflects poor gestalt pattern recognition skills (RH).   Key day-to-day behaviors:  pragmatic language problems including trouble with non-verbal cues, e.g., facial expressions, body language, gestures, sarcasm;  heteronyms, expressive speech may be monotone, poor rhythm perception.  Possible deficits in music.  Variable academic impact. Part of the cohort for dx of nonverbal learning disability. 

· Secondary subtypes: perhaps not appropriately termed “CAPD” but show unique test profiles include 

Auditory Associative Deficit and Output-Organization Deficit. We may be seeing the “auditory” manifestations of a more supramodal or neurocognitive disorder in these cases. 

Associative Deficit: not applying RULES of LANGUAGE to acoustic signal. Poor communication between primary and associative cortical regions (i.e. inefficient intrahemispheric cooperation).  Keyword:  They do not “translate”.  The “huh” kids. Key CAF results: bilaterally depressed scores on dichotic listening tasks.  OK pitch pattern labelling.  Key day-to-day behaviors: request clarification, saying "I don't know what you MEAN" or "I don't understand". Communicative problems in syntax, vocabulary, semantics, verbal and/or written expression, pragmatics, social communication, foreign language acquisition.  Reading decoding OK but weak comprehension. Trouble with math word problems. Early academics may be OK but declines with increasing linguistic demands.

Output-Organization Deficit: Deficiency in the 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.  Keyword: They can’t “get it back out”.  Key CAF results: poor performance in noise, target reversals, ordering problems, omission of target/substitution with previously heard word.  Key day-to-day behaviors: disorganized, impulsive, poor planner.  Deficits in expressive language, articulation, syntax.  Educational problems: direction following, note-taking, remembering assignments.  

Sample cases

Cam, age 8 years – 8 months

Reason for referral: school testing indicated poor “short term memory” yet child seemed to have strong functional memory skills and had strong visual memory skills. Seen by private SLP for speech-language testing. Those results indicated difficulty on auditory closure, sound blending, and word memory tests. SLP referred for central auditory evaluation to clarify auditory skills. 

CAF test findings: 

Low-pass filtered speech test: RE = 64%, LE = 64%, below normal limits AU

Time-compressed speech test: RE = 56%, LE = 48%, below normal AU

Dichotic Digits test: RE = 78%, LE = 70%, within normal limits AU

SSW test: number of errors = 2, 11, 16, 7, below normal limits for age

Competing Sentences: RE = 90%, LE = 60%, within normal limits AU

Pitch Patterns Sequence Test: labelled response: RE = 90%, LE = 100%, within normal limits AU

Diagnosis: Auditory decoding deficit – note difficulty on tests of degraded speech taxing auditory closure, greater difficulty on linguistically loaded dichotic task (SSW) with normal scores for digits task 

Recommended modifications and compensations: 

· preferential classroom seating 

· noise abatement at school and at home 

· direct signal enhancement via trial with an FM system  

· 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 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 

Recommended games/activities:  

· Earobics for children (both levels) 

· rhyming games, including A Rhyme in Time

· Wheel of Fortune

· sound blending games 

· Read My Lips

Rachel , age 9 years – 4 months 

Reason for referral:  failure to thrive in current educational setting, referring neuropsychologist felt that auditory processing testing had been overlooked. Evaluation ordered as part of a due process. Grade at time of testing 2.5. WIAT results: reading grade equiv. = 1.4, written lang = 1.8, spelling = 1.7,  math = 2..5

Trouble with phonological segmentation. Language evaluation indicated deficits in word finding. 

CAF test findings: 

Low pass filtered speech test: RE = 76%, LE = 76%, within normal limits AU

Time compressed speech test: RE = 92%, LE = 92%, within normal limits AU

Dichotic Digits: RE = 85%, LE = 35%, within normal limits right ear, below normal limits left ear

SSW test: # of errors = 1, 4, 16, 1, below normal limits left ear

Competing Sentences : RE = 90%, LE = 45%, below normal left ear

Pitch patterns sequence test: labelled response: 10% each ear, below normal; mimicked: 100% each

CAF diagnosis:  Integration deficit – note excessive left ear suppression on dichotic listening tests and inability to attach label to tonal patterns with normal mimicking

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 not on computer 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

· dichotic listening exercises

· verbal rehearsal

· schema induction

· attribution and self advocacy skills training

Recommended games/activities:  

· Name that tune

· Feely bag

· UpWords 

· Rummikub 

· Bopit, Brain Warp, Simon 

· piano lessons 

· gymnastics 

· Twister

Ryan, age 10 years – 6 months 

Reason for referral: School District referred for evaluation as part of comprehensive three-year reevaluation. Ryan currently enrolled in a self-contained learning disabilities program

CAF test findings: 

Low Pass filtered speech test: 80% each ear, within normal limits each ear

Time compressed speech test: 76% each ear, within normal limits each ear

Dichotic Digits: RE = 90%, LE = 50%, below normal left ear

Dichotic Rhyme: RE = 53%, LE = 27%, below normal left ear

Competing Sentences: RE = 95%, LE = 58%, below normal left ear

Pitch Patterns: labelled RE = 20%, LE = 10%, below normal AU; mimicked  40% AU, below normal 

CAF diagnosis:  Prosodic deficit  - note difficulty on temporal patterning task regardless of response type, excessive left ear suppression on all dichotic tests 

Recommended modifications and compensations: 

· multisensory learning environment

· trial use of assistive listening device

· preferential classroom seating

· noise abatement at home and school

· repetition of information with emphasis on key portions, altered speaking rate

· placement with “animated” teacher

· preteaching

· notetaker, as needed

· untimed tests and extended time on assignments

Recommended Direct Remediation: 

· temporal patterning training

· prosody training

· verbal rehearsal

· speech-language therapy for pragmatic and social language 
· attribution and self-advocacy skills training

· lipreading/speechreading

· Fast ForWord 

Recommended games/activities: 
· Simon 

· Rummikub  

· Twister

· watched sing-along tapes/videos including Schoolhouse Rock!
· rebus puzzles
· enrolled in a summer drama camp
Marc, age 14 years

Reason for referral: failure to thrive in current placement, becoming a behavior problem, District referred for assist with education placement.  

CAF test findings: 

Low-pass filtered speech: 68% each ear with NU #6 wordlists, below normal limits AU

Low-pass filtered speech : 96% each ear with NU-CHIPS wordslist, within normal limits AU

Time compressed speech: RE = 92%, LE = 88%, within normal limits AU

Dichotic Digits: RE = 95%, LE = 93%, within normal limits AU

SSW test: # of errors = 0, 6, 8, 1, below normal limits AU

Competing Sentences: RE = 80%, LE = 75%, below normal AU

Pitch Patterns: labelled: RE = 95%, LE = 100%, within normal limits AU

CAF diagnosis: 2ndary CAP test profile - Associative deficit – note bilateral difficulty on linguistically loaded dichotic listening tasks and performance difference for filtered words depending upon wordlist used – no evidence of primary auditory dysfunction – results consistent with likely language processing deficit

Recommended modifications and compensations:

· rephrasing and clarification 

· avoidance of ambiguous language 

· preteaching rules and vocabulary

· waiver of second language requirement 

· assessed using both WISC-3 and TONI tests – original WISC-3 FIQ: 90, follow-up TONI IQ: 115 

· books on tape, study guides, and Cliff’s Notes     
Recommended direct remediation activities: 
· speech-to-print skills training 

· dichotic listening training 

· metalinguistic and metacognitive skills training  

· speech-language therapy for receptive/expressive language skills

Recommended games/activities: 
· Password

· Plexers

· Catch Phrase

· Taboo

· Quizzles (logic puzzles) 

· Scattergories

· Clever Endeavour

Alex, age 9 years – 2 months

Reason for referral:  psychoeducational testing indicated word retrieval issues and some difficulty with written and oral expression. Parents requested CAP evaluation to rule out significant auditory disorder. 

CAF test findings:

Low-Pass filtered speech: RE = 72%, LE = 72%, within normal limits AU

45% Time-compressed speech: RE = 84%, LE = 92%, within normal limits AU

Dichotic Digits: RE = 90%, LE = 93%, within normal limits AU

Dichotic Rhyme: RE = 50%, LE = 50%, within normal limits AU

SSW test: # of errors = 0, 4, 4, 0, within normal limits; however 19/40 items reported out-of-sequence

Competing Sentences: RE = 100%, LE = 95%, within normal limits each ear

Pitch patterns: labelled: RE = 50%, LE = 50%  due to 50% reversed labels AU despite reinstruction

CAF diagnosis: 2ndary CAP test profile – Output-organization deficit - results considered consistent with reported expressive language and recall difficulties – no clear evidence of primary auditory dysfunction

Recommendations for modifications and compensations:

· trial use of assistive listening device 

· notetaking service

· preteaching rules 

· use of outlines and checklists

· closed-set tests 

· allowed to give oral responses for written exams

· used keyboarding and word processing for written assignments

· untimed tests   

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

Recommended direct remediation activities: 

· reauditorization and verbal rehearsal 

· metalinguistic and metacognitive strategies 

· speech-in-noise training 

· speech-language therapy for improved expressive language skills    

Recommended games/activities:  

· Catch Phrase 

· alphabetizing games 

· Bopit and Bopit Extreme

Caroline, age 12 years – 2 months 

Reason for referral: child new to District, parents provided report from previous city indicating diagnosis at age 10 years of  “central auditory processing disorder as evidenced by abnormal performance on SSW and speech-in-noise tests” with recommendations for Fast ForWord and FM system. District requested  updated testing prior to implementing requested services. Student reported difficulty sustaining attention during social communication situations. SL evaluation conducted by private evaluator day before CAF evaluation –results not available at time of testing. ADD also diagnosed at age 10 years.

CAF test findings: 
Low-Pass filtered speech: RE = 72%, LE = 88%, below normal limits right ear

Time compressed speech with reverberation: RE = 80%, LE = 80%, within normal limits AU

Dichotic Digits: RE = 98%, LE = 95%, within normal limits AU

SSW Test: # of errors = 0, 1, 2, 0, within normal limits AU

Competing Sentences: RE = 100%, LE = 98%, within normal limits AU

Pitch Patterns: labelled RE = 100%, LE = 100%, within normal limits AU

CAF diagnosis: no clear evidence of specific central auditory dysfunction at this time – note that the only poor score is LPFS –AD, no pattern of auditory processing dysfunction noted in this evaluation. It was examiner’s opinion that reported difficulty in conversations was related to a possible language or reported attention problem.

Recommendations: 

· referred back to District for review of private SL evaluation results – those results indicated characteristics of Asperger’s Syndrome

Evaluation report outline

Introduction: reason for referral, pertinent/available case history information 

Test results: Standard audiometric, speech audiometric, and immittance findings. CAF tests used, including brief description of  test materials, listener’s task, and underlying processing skill(s) taxed. Test scores given including statement re within normal limits/below normal limits. 

Summary: summary of  test battery findings: status/integrity of peripheral system, integrity of auditory closure/discrimination skills, integrity of binaural integration and separation skills, integrity of temporal processing skills, integrity of binaural interaction skills.

Diagnostic statement: e.g., “no clear evidence of specific central auditory deficit”, “evidence of auditory decoding deficit”, “evidence of integration deficit”, etc.  

Discussion: description of deficit, if any: includes audiologic characteristics of deficit, possible impact on communication, academic, day-to-day listening skills, and general intervention information appropriate for  the deficit type. 

Recommendations: includes referral to related professionals as needed; deficit-specific environmental modifications, compensatory strategies, and direct remediation techniques; useful everyday games/activities to enhance skills; need, if any, and timeline for reevaluation  of processing skills.  
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