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Auditory Processing 
Characteristics

ASD ADHD
 Parent surveys (Tomcheck & Dunn, 2007):

 60-80%: distractible, dysfunction 
in noisy places, unresponsive or 
poor attention to auditory stimuli

 Auditory filtering (Ashburner et al., 2008):
 Most significant predictor of 

educational performance
 Poorer speech recognition in 

noise by 2 to 3.5 dB than peers 
(Alcantara et al., 2004)

 Significantly poorer auditory 
attention (Corbett & Constantine, 2006)

 Same parent survey (Tomcheck & 

Dunn, 2007):
 Significant auditory deficits for 

filtering and sensitivity
 Significant lower composite 

scores on the SCAN (Gomez & 
Condon, 1999)

 Same test of auditory attention: 
significantly lower performance 
than typical group (Corbett & 
Constantine, 2006)



Reason for Deficits
 Exact physiological cause unknown
 Likely related to coexisting disabilities:

 Language disorders
 Learning disabilities
 Intelligence level
 Poor inhibitory control (modulating sensory stimuli)
 Attention deficits

 Evidence showing abnormal physiological encoding of 
auditory stimuli in quiet and noise from brainstem to 
the cortex (Barry et al, 2002; Russo et al., 2009)



Prevalence
 1 in 110 children in the US have Autism Spectrum 
Disorder (ASD)

 9.5% of school‐aged children have ADHD

 Both disorders have increased rapidly over the past 
several years

 Many of these children need special education support
 87% of children with ASD require special ed



Study Objective

Examine the efficacy and classroom 
effectiveness of personal FM systems 
for children with ASD and ADHD



Study Participants
 Eleven, 9 to 12 year-old children at a private school for 

children with special needs:
 7 with Autism Spectrum Disorders (ASD)

 2 had APD; 1 had anxiety disorder; 2 had ADHD

 4 with Attention-Deficit Hyperactivity Disorders (ADHD)
 2 had APD; 1 had SLI

 Eleven, age-matched peers only included in speech 
recognition measure



Methods & Procedures
 Prior to study: Teacher completed 2 questionnaires

 S.I.F.T.E.R. – Screening Instrument for Targeting Educational 
Risk

 Scale to rate child’s academics, attention, communication, class 
participation, & school behavior as compared to peers

 C.H.A.P.S – Children’s Auditory Performance Scale
 Scale to rate auditory-listening behaviors in quiet, noise, ideal, 

multiple inputs, auditory memory, & auditory attention as compared 
to peers



Methods & Procedures
 Prior to Study: FM Education Program

 Week-long introduction and acclimation to FM 

 Day 1: Simple overview of FM

 Day 2: Social story-- “Wearing my FM System”; hold FM to ear during story 

 Day 3: Social story-- “How my FM system is helping me”; FM attempted

 Day 4: Video modeling – FM worn during video; transmitter in audio out

 Day 5: Game -- Simon Says game led by examiner, sabotaged speech 

signal by turning back, whispering, and going out of room





Methods & Procedures
 Week 1: No FM System

 Observations: Observed by two independent observers 
during short reading period and math class

 Recorded behaviors of children as on-task or off-task on recording 
form

 Each child observed for approx. seven 30-second intervals per day

 If off task, also recorded a code to define behavior



Off‐Task Codes
 1. Does not follow teacher direction, but engages in distractible behaviors 

(e.g., does not take out or open book, doodles on paper, out of seat, 
blurts our answers without raising hand, or does not complete assigned 
work)

 2. Does not respond to the teacher’s questions within 5 seconds or 
teacher had to talk directly to child to get child to respond to request

 3. Does not sit quietly when expected or asked, but instead, engages in 
other distractible behaviors (e.g., plays with anything in hands or with 
hands, shakes head back and forth, turns around in chair, shirt over head 
or face); talks to peer without permission

 4. Stares at children and teacher in other small group, does not follow 
along with activity (e.g., behind the rest of the group) and generally 
appears to be distracted



Off‐Task Codes
 5. Stares off into space; appears to have zoned out; is repeatedly 

redirected by teacher to follow along with activity; has head down;  
slouches on chair or desk; fidgety and appears restless

 6. Inappropriate use of materials (e.g., plays with manipulatives, sticks it 
on face, stacks instead of using as instructed); plays with pens, pencils, 
paper, clothes, hair

 7. Talks with classmate when supposed to work on activity, looks at peer 
to see what to do on activity

 8. Displays other problem behavior (e.g., yells out, sings during 
instruction,  curses or shouts, screams, throws objects on floor or at 
others, tantrums, or hits or hurts others)



Methods & Procedures
 Weeks 2-3: Bilateral FM used 

 FM system used 1 hour each day during 
reading time and math

 Classroom observations: repeated each day 
using the Week 1 observation procedures

 Speech recognition in noise:
 Used BKB-SIN to assess speech-in-noise 

threshold at the 50% correct level



Methods & Procedures
 Weeks 4-5: No FM System

 Classroom observations: repeated each day using the 
Week 1 observation procedures



Methods & Procedures
 Weeks 6-8: Bilateral FM system used 

 Again used for 1 hour during reading time and math

 Classroom observations: repeated each day using the Week 
1 observation procedures

 Speech recognition in noise:
 Used BKB-SIN to assess speech-in-noise threshold at the 50% 

correct level
 Tested in no-FM and FM-system conditions
 Typically-functioning peers tested in one no-FM condition in room 

with similar acoustics to the experimental group’s room



Methods & Procedures
 After study: Questionnaires

 Teacher Questionnaires: 
 S.I.F.T.E.R. and C.H.A.P.S. repeated, but teacher asked to rate 

typical behavior across the two FM-system trial periods 

 Validation Questionnaires:
 Open-ended, subjective teacher questionnaire
 Subjective child questionnaire



Overview of Study Measures
 Assessed in FM-on and FM-Off Conditions:

 Speech recognition in noise performance (2 x)

 Teacher questionnaires: attending behaviors and 
educational risk as compared to peers (pre-post)

 Observed on- and off-task behaviors during class 
(2 no-FM trials and 2 FM trials over 32 days)

 Subjective reports from teacher and child (after study)
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Speech Recognition in Noise: ASD & ADHD
Lower scores are better!

 Significantly better performance in FM conditions
 Large effect sizes for no-FM vs. FM conditions for both sessions
 No effect of session



Speech Recognition in Noise:
ASD/ADHD vs. Typical

Lower scores are better!
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 Significantly poorer than typical peers

 Same as peers when using FM

p < .001 p > .05



Teacher Questionnaire: 
S.I.F.T.E.R. Results

 No significant changes in educational risk across five areas
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Teacher Questionnaire: 
C.H.A.P.S. Results
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 Significant improvements in most areas*
 Medium effect sizes for all, except small effect size for auditory memory

* * * * *
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 Significantly more on-task behaviors with FM during both trial periods

 Both FM conditions significantly better than both no-FM conditions
 Large effect sizes
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Analysis of Codes

• Significant reduction in codes 1 and 3 with FM



Analysis of Codes
 1. Does not follow teacher direction, but engages in distractible 

behaviors (e.g., does not take out or open book, doodles on 
paper, out of seat, blurts our answers without raising hand, or 
does not complete assigned work)

 3. Does not sit quietly when expected or asked, but instead, 
engages in other distractible behaviors (e.g., plays with 
anything in hands or with hands, shakes head back and forth, 
turns around in chair, shirt over head or face); talks to peer 
without permission



Subjective Teacher Questionnaire
 Transmitter:

 Thought transmitter was easy to use
 Would like to be able to dial into individual students

 Receivers: 
 Students were able to insert with practice

 Overall Benefit?
 Noticed better attention when in room with more noise or activity 
 Easier to get children’s attention
 Children with more sensory issues had a more difficult time
 Would work better in mainstreamed classroom where all children on 

same academic levels



Subjective Child Questionnaire
 Receiver:

 8/10 agreed it was easier to put on after practice
 3/10 had retention issues
 9/10 thought default volume comfortable

 If had choice of volume, 2 would do softer & 4 louder than 
default

 8/10 thought it was comfortable
 All liked using the FM and thought it helped them listen 

better in class
 9/10 would like to continue using it 



Subjective Child Questionnaire
What did you like best? What did you like least?

 “Makes me feel like a spy”
 “Fun, it’s cool”
 “Easy to communicate with 

teacher”
 “Helps you remember what 

the teacher says”
 “Helped kids learn”
 “Hear better”

 “Nothing” from 6/10
 “Wanted volume control”
 “Fell out” from 2/10
 “Hear other people also”
 “Itching and distracting”



Clinical Implications
 Use of an FM system in children with ASD & ADHD has 

the potential to:
 Improve speech recognition in noise
 Enhance positive auditory and listening behaviors in class
 Increase on-task behavior during class

 Follow directions instead of engaging in distractible behaviors
 Sits quietly when expected

 Teachers report ease of use and benefit to children
 Most children like to use FM system



Questions?



Clinical Recommendations
 How should you determine if a child with ASD or ADHD will 

benefit from a FM system at school??
 According to IDEA 2004, under assistive technology: 

 “The evaluation of the needs of a child with a disability, including a 
functional evaluation of the child in the child’s customary 
environment”

 What is a “functional evaluation”??



Clinical Recommendations
 How we define “functional evaluation”:

 1. Formal evaluation: audiological, speech recognition 
in noise

 2. Informal evaluation:
 1. Teacher/Parent Questionnaires: C.H.A.P.S.
 2. Classroom Observation: on-task vs. off-task behaviors
 3. Interview Parent & Student: listening difficulties?
 4. Review of Sp. Ed. File: Other assessments show problems?

Could FM support a current IEP goal?
 5. Academic Standing: Academic need         educational need
 6. During FM trial: repeat C.H.A.P.S., observation, & interviews



Formal Evaluation
 Stimuli:

 BKB-SIN: children 6 years+ and adults – present at 60 dBA
 Phrases in Noise Test (PINT): children 3+

 Conditions:
 No FM
 FM 1
 FM 2 (if applicable)

 Test Environment:
 Soundbooth: speakers at 0 and 180° azimuth, transmitter 

suspended 3 to 6” from signal speaker
 Classroom --- it’s portable!!



Formal Evaluation
 Classroom testing necessities:

 1. CD of stimuli, must have speech and noise on different 
channels

 2. Sound Level Meter – great apps out now

 4. Tape measure
 3-6 feet from either loudspeaker

 5. Laptop with high-quality loudspeakers
 Bose Companion II Series II



Desk with 
Signal Speaker

Desk with 
Noise Speaker

Laptop
Examiner

Child

Transmitter

Extender
Wire

1. Attach extender wire 
to loudspeakers & then
to laptop

2. Place speakers on desks
equidistant to child’s seat 
(3 feet) 

3. If doing FM testing, 
place transmitter mic 
3 to 6” from speaker 

4. Verify output of each
speaker using calibration
track on CD and SLM app

Classroom Testing



Questions or Comments??
 Thank you for attending this talk!

 Please e‐mail us if you have more questions:

 Erin.Schafer@unt.edu

 Lauren.Mathews@unt.edu













Formal Evaluation: BKB‐SIN
 18 list pairs equated for 
difficulty
 Each pair has 8‐10 
sentences and takes 
approximately 3 minutes 
to administer and score

 Score based on number 
of key words repeated 
correctly, then use 
formula to calculate 
SNR loss

 Recorded Split 
track or Standard CD



2010 Version: Phrases in Noise Test 
(PINT)

 2010 study designed to:
 1. Create a sensitive test in noise that is appropriate for preschool‐
aged children (ages 3‐6)

 2. Design a test that is reliable and valid
 3. Design a test and equipment set‐up that can be used in real 

classrooms or in a soundbooth
 4. Determine normative data on PINT and effects of age on 3‐6 
year‐olds

 5. Assess effects of spatial separation of speech and noise sources 
(i.e., release from masking in young children)



Phrases in Noise Test (PINT): Stimuli
• PINT consists of 12 phrases

– May be acted out with a doll and objects
– Sample phrases:

• Phrases are of equal duration & equal
intelligibility in the presence of 
four‐classroom noise
– Pilot data with 20 adults established that the phrases 
were equally‐intelligible in noise

Brush his teeth Comb his hair Pull his toes
Find his shoe Blow his nose Hide his face



Phrases in Noise Test (PINT): Stimuli 

• PINT uses a modified‐
adaptive paradigm to 
measure 50% correct 
speech‐in‐noise 
thresholds (e.g., BKB‐SIN)

• Tested normal hearing 
children, ages 3‐6, with:
– 1. Speech and noise from 
same loudspeaker (S0/N0)

– Speech and noise from 
separate loudspeakers 
(S0/N180)

HARDER EASIERTHRESHOLD = -1.5 dB



Observation Recording Sheet
Interval Response Interval Response Interval Response Interval Response Interval Response Interval Response

1. (30s) 13. (30s) 25. (30s) 37. (30s) 49. (30s) 61. (30s)

2. (60s) 14. (60s) 26. (60s) 38. (60s)  50. (60s) 62. (60s)

3. (30s) 15. (30s) 27. (30s) 39. (30s) 51. (30s) 63. (30s)

4. (60s) 16. (60s) 28. (60s) 40. (60s) 52. (60s) 64. (60s)

5. (30s)  17. (30s) 29. (30s) 41. (30s) 53. (30s) 65. (30s)

6. (60s) 18. (60s) 30. (60s) 42. (60s) 54. (60s) 66. (60s)

7. (30s) 19. (30s) 31. (30s) 43. (30s) 55. (30s) 67. (30s)

8. (60s) 20. (60s) 32. (60s) 44. (60s) 56. (60s) 68. (60s)

9. (30s) 21. (30s) 33. (30s) 45. (30s) 57. (30s) 69. (30s)

10. (60s) 22. (60s) 34. (60s) 46. (60s) 58. (60s) 70. (60s)

11. (30s) 23. (30s) 35. (30s) 47. (30s) 59. (30s)

12. (60s) 24. (60s) 36. (60s) 48. (60s) 60. (60s)

6 minutes over 12 minutes over 18 minutes over 24 minutes over 30 minutes over 35 minutes over



Inter‐observer Reliability Sheet
Interval Agreement Interval Agreement Interval Agreement

1. (30s)  25. (30s) × 49. (30s) ×
2. (60s)  26. (60s) × 50. (60s) ×
3. (30s)  27. (30s)  51. (30s) ×
4. (60s)  28. (60s)  52. (60s) 

5. (30s)  × 29. (30s)  53. (30s) 

6. (60s)  30. (60s)  54. (60s) 

7. (30s)  31. (30s)  55. (30s) 

8. (60s)  32. (60s)  56. (60s) 

9. (30s)  33. (30s)  57. (30s) 

10. (60s) × 34. (60s)  58. (60s) 

11. (30s)  35. (30s)  59. (30s) 

12. (60s)  36. (60s)  60. (60s) ×
13. (30s)  37. (30s)  61. (30s) 

14. (60s)  38. (60s)   62. (60s) 

15. (30s)  39. (30s)  63. (30s) ×
16. (60s)  40. (60s)  64. (60s) ×
17. (30s)  41. (30s)  65. (30s) 

18. (60s)  42. (60s)  66. (60s) 

19. (30s) × 43. (30s)  67. (30s) 

20. (60s) × 44. (60s)  68. (60s) 

21. (30s)  45. (30s) × 69. (30s) 

22. (60s)  46. (60s) × 70. (60s) 

23. (30s)  47. (30s) ×

24. (60s)  48. (60s) ×


