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Hearing loss is the most common birth 
condition affecting infants

Prevalence of mild or worse permanent 
bilateral childhood hearing loss is 0.9%; 
incidence in US is 1.1 per 1000 infants 
(Mehraet al., 2009)

6

2009:  98% of all newborns 
in the US were screened for 
hearing loss; 1.6% did not 
pass the newborn hearing 
screen (CDC, 2011)
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In 2006, NIH convened a panel to discuss 
outcomes in children who are HH

Conclusion: need for 
prospective research to 
determine what factors 
influence success

7

The OCHL study is a multicenter, longitudinal study focusing 
on outcomes of children with mild-severe hearing loss

SUBJECTS TOTAL

HH 317

NH 117

Study participants

Inclusion criteria

ω6 months to 7 years at entry

ωEnglish primary language

ωNo major secondary disabilities

ωNo cochlear implants

ωPermanent mild to severe bilateral 
hearing loss

Domains of OCHL study

Child and 
Family 

Outcomes

Background 
characteristics 

of 
child/family

Hearing  & 
Speech 

Perception 

Speech 
Production

Language 
Skills

Academic 
Abilities

Psychosocial and 
Behavioral

Interventions 
(clinical, 

educational, 
audiological)

5 YEAR OLD VISIT (HL)

Test Type Test Name Given To Time Primary Responsibility

Academic: CTOPP Child 30 minutes SLP

TOPEL Print Knowledge Child 10 minutes SLP

Speech Production: Goldman Fristoe 2 Child 10 minutes SLP

BIT Child 15 minutes SLP

Language: PPVT-4 Child 30 minutes SLP

PLAI-2 Child 45 minutes SLP

Theory of Mind Measures Child 10 minutes SLP

CELF-4  Word Structure Subtest Child 15 minutes SLP

Hearing Function: Hx, Audiogram (Conventional) + 

Tymps

Child 30 minutes Audiologist

Electroacoustic Analysis 60/90 Child 5 minutes Audiologist

Aided Speech Intelligibility Index 

(Verefit SII)

Child 15 minutes Audiologist

PBK Child 15 minutes Audiologist

Hearing Aid Checklist Parent 20 minutes Audiologist

Psychosocial, Behavioral, 

& Family:
Adult Perceptions II Parent 20 minutes SLP; Audiologist

OCHL Family Interview Parent 60 minutes

OCHL SPS Audiology Service 

Provider

30 minutes

OCHL SPS Preschool Service 

Provider

30 minutes

SCBE Teacher 15 minutes SLP; Audiologist
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How do children who are hard of hearing compare 
to children with normal hearing?

13

* p < .0001 CHH differed significantly from SES-matched age mates. 

Tomblin et al., Ear & Hearing, 2015

.                          .                        .                          .                         .

Conclusion:  Children who are 
hard of hearing are at risk for 

language delays

Previous outcomes research

Degree of HL
(PTA) Outcomes

L
a

n
g
u
a

g
e
 s
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s

Significant effect for degree of 
hearing loss.  

Tomblin et 
al., 2015

Previous outcomes research

Timing of 
intervention Outcomes

Does age at HA fitting influence 
language?

Tomblin et al., 2015

L
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n
g
u
a
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c
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Significant difference

No 
significant 
difference

Degree of HL
(PTA) Outcomes

Audibility
Hearing aid use
Linguistic input

Factors that influence relationship between 
PTA and outcomes.

Audiological
Intervention

OCHL outcomes model: auditory-linguistic access

Educational 
Intervention
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Sources of inconsistent auditory access

Linguistic 
input

Predictors

Acknowledgements:

Supported by NIDCD R01DC009560

Sophie E. Ambrose 
BTNRH

Mark van Dam
Washington State 

University

High rates of linguistic input (parent talk) 
especially important for children with hearing 
loss

Difficult to conduct this 

research

We used two strategies to analyze quality 
and quantity of parent talk

Art Gallery LENA

Art Gallery was conducted at the 18 month 
visit
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!ƴŘ ǘƘŜ о ȅŜŀǊ ƻƭŘ ǾƛǎƛǘΧΦ

Goal:
Elicit 
parent-
child 
interaction

Research questions/predictions for the 
Art Gallery

1. Does the quantity or quality of 
caregiver input differ for children 
who are HH compared to children 
with NH?

Prediction

No difference in 
quantity

Quality will differ 
at 18 month and 
3 years

Ambrose et al., 
2015

ÅCoded 5-minute samples for quality features

HIGH LEVEL
M What are they doing?
C They're fishing.
M Oh have you ever been fishing?
C Yeah.
M When did you go fishing?
C Before I born.
M And did the place look like this?

LOW LEVEL ς(Directives)
M Look at this.
M Come sit down.
M {ŀȅΣ άtƻƻƘΦέ

Quality of caregiver input?

28
Ambrose, et al. (accepted)

Does quantity/quality of caregiver input differ 
for children who are HH vs children with NH?

Quantity

Number of total 
utterances

Number of total words

Quality
Average length of 

utterance

Number of different 
words

tǊƻǇƻǊǘƛƻƴ ƻŦ άƘƛƎƘ 
ƭŜǾŜƭέ ǳǘǘŜǊŀƴŎŜǎ

tǊƻǇƻǊǘƛƻƴ ƻŦ άŘƛǊŜŎǘƛƴƎέ 
utterances

M What are they 
do/ing?
C They/'re fish/ing.
M Oh have you ever 
been fishing?
C Yeah.
M When did you go 
fishing?
C Before I born.
M And did the place 
look like this?

M What is this?
M Come sit down.
M {ŀȅΣ άtƻƻƘΦέ

Does quantity/quality of caregiver input differ 
for children who are HH vs children with NH?

Quality

Proportion of 
άŘƛǊŜŎǘƛƴƎέ 
utterances

18 month visit

Parents of HH children used 
ƳƻǊŜ άŘƛǊŜŎǘƛƴƎέ ǳǘǘŜǊŀƴŎŜǎ 
than parents of NH children
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Does quantity/quality of caregiver input differ 
for children who are HH vs children with NH?

3 year old visit

Quantity

Number of 
total words

NH > HH

Quality
Average length of 

utterance; NH > HH

Number of different 
words; NH > HH

tǊƻǇƻǊǘƛƻƴ ƻŦ άƘƛƎƘ ƭŜǾŜƭέ 
utterances; NH > HH

tǊƻǇƻǊǘƛƻƴ ƻŦ άŘƛǊŜŎǘƛƴƎέ 
utterances; NH < HH

,n=53 ,n=123 Quality
tǊƻǇƻǊǘƛƻƴ ƻŦ άƘƛƎƘ ƭŜǾŜƭέ 

utterances; NH > HH

tǊƻǇƻǊǘƛƻƴ ƻŦ άŘƛǊŜŎǘƛƴƎέ 
utterances; NH < HH

Research questions/predictions for the 
Art Gallery

2. Does quantity and quality of parent talk at 18 months 
influence language outcomes at 3 years?

Prediction

Ambrose et al., 2015

Higher quantity 
and quality of 
parent talk at 
18 months

Higher child 
language skills at 3

Does quantity and quality of parent talk at 18 months 
influence language outcomes at 3 years?

Quality (esp. directiveness) at 18 months 
influences child language skills at 3 years

Poorer 
language 
scores

More 
directive

Big picture: quality and quantity of 
language input matter 

ÅParents of children who are HH 
tended to be more directive (but 
this is likely to be a bidirectional 
relationship)

ÅMore directive communication 
at 18 months is correlated with 
lower language scores at age 3

ÅCaregivers may need 
support to provide children 
with optimal language 
learning environments

ÅTelevisions serve as one 

source of background noise 

AND parents and children 

talk less when the TV is on.

Auditory Environments influence access to 
linguistic input
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LENA subproject ςLanguage Environment 
Analysis System

2 3
Noise

TV

Distant

Meaningful

Silence/ 
Background

Is there a difference in input for children who 
are HH compared to children who are NH?

Van Dam, et al., 2012; 
Ambrose, et al., 2014

No significant differences 
between groups

There is a relationship between 
PTA/audibility and input

As hearing 
gets worse 
and 
audibility 
decreases, 
input and # 
turns 
decrease

Van Dam, et al., 2012; 
Ambrose, et al., 2014

There is a relationship between language 
scores and # conversational turns

As # turns 
increase, 
receptive 
and 
expressive 
language 
scores 
increase

Ambrose et al., 2014

Is there a relationship between amount of time 
TV is on and conversational turns?

Ambrose et al., 2014

On average, 8% of our LENA 
recordings were classified as 
electronic media (~ 58 min in 
12 hr recording)
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Is there a relationship between amount of time 
TV is on and conversational turns?

t = -3.12
p < 0.01

Van Dam, et al., 
2012; Ambrose, 

et al., 2014

Is there a relationship between amount of time 
TV is on and conversational turns?

Van Dam, et al., 
2012; Ambrose, 

et al., 2014

For every 1% 
increase in 
electronic media

Number of 
conversational 
turns decreased 
by 2.5 turns

Is ALL television exposure bad?
Average US child is exposed to 232.2 
minutes (3.87 hours) of background TV per 
day (Lapierreet al., 2012)

Increased exposure to background 
TVis correlated with poorer 
executive function skills in low- and 
high-risk children (Linebargeret al., 
нлмпύΧΦ 

https://www.youtube.com/watch?v=eT7nD
02Im5E

But educational foreground TV 
can serve as a buffer for 
executive function skills.

Clinical Implications: Auditory Environments

9ƴƘŀƴŎŜ ŎƘƛƭŘΩǎ ŎǳƳǳƭŀǘƛǾŜ ŀǳŘƛǘƻǊȅ ŜȄǇŜǊƛŜƴŎŜΗ
·Increase meaningful conversational turns.

·Reduce exposure to TV (background noise). 
·Promote more frequent parent-child conversational interactions. 

ÅChildren with poorer hearing and lower audibility 
engaged in fewer conversations and had less exposure 
to adult input.

ÅAdult word counts were not significantly correlated 
with language outcomes.

ÅChildren who were frequently engaged in 
conversations demonstrated the strongest language 
outcomes.

ÅConversational interactions were less frequent in 
homes with high rates of audible television Ąweaker 
language skills.

Big picture:  Language input

https://www.youtube.com/watch?v=eT7nD02Im5E
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ÅIntro to OCHL

ÅRole of language input

ÅHow sources of inconsistent 
access influence outcomes
ÅPhonology and grammar
ÅNarratives
ÅPsychosocial
ÅTheory of mind

Degree of HL
(PTA) Outcomes

Audibility
Hearing aid use
Linguistic input

Factors that influence relationship between 
PTA and outcomes.

Audiological
Intervention

OCHL outcomes model: auditory-linguistic access

Educational 
Intervention

Cumulative auditory experience hypothesis 

Degree of HL
(PTA) Outcomes

Intervention
Audibility

Hearing aid use
Linguistic input

Form Content

Use

Sources of 
inconsistent access

Limited perceptual 
salience + input 

frequency

ÅGreater risk for domains that depend on access to 
phonetic structure?
ÅHL reduces opportunities for perceiving elements that 

are perceptually subtle

ÅSpeech production

ÅShe wantsmore cookies.

Differential Vulnerability?

52

Phonology Outcomes by Degree of HL

n = 110 
3 yr olds

40

KEYS

Open & Closed Set Test (O&C)
Å Developed by: Ertmer, Miller, & Quesenberry,2004
Å Appropriate for ages 18 to 24 months
Å A measure of perception and production
Å 10 items using realistic pictures
Å Production followed by picture identification

O&C is available from MED-EL at http://www.medel-

bridge.com.

http://www.medel-bridge.com/
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Open and Closed task (2 year olds) O&C test can be used as an assessment by SLPs 
or audiologists

Differences in age at HA 
fit and degree of 
ƘŜŀǊƛƴƎ ƭƻǎǎ ƻƴ άhǇŜƴέ 
scores

Ambrose et al., 2014

O&C test can be used as an assessment by SLPs or 
audiologists

άhǇŜƴέ ǎŎƻǊŜǎ ŀǘ ŀƎŜ н 
predict speech 
production at age 3

Ambrose et al., 2014

Variability on Closed Set Task

McCreery et al., 2015

Higher 
scores on 
Open and 
Closed 
Task

Higher 
audibility

Greater 
hearing aid 

use

Larger 
vocabulary

Higher 
maternal 
education 

level

Model accounted for 35% of 
the variability.

60

Grammar:  Morphology Elicitation Task

Form Example

Auxiliary HeΩǎmixingit.

Copula SheΩǎa dancer

Progressive Heisknockingon the 
door

Third singular Everydayshe dances.
He wantsmore milk.

Irregular past He fell off the chair

Regular past Sarawalkedfast

Possessive DadΩǎshirt

Plural Threeballs

¢Ƙƛǎ ƛǎ ŘŀŘΩǎ ŎƻŀǘΦ  ²ƘƻǎŜ ŘǊŜǎǎ ƛǎ 
ǘƘƛǎΚ LǘΩǎ ψψψψψψψψψψψ όōŀōȅΩǎύΦ
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Age 4: vocabulary and grammar development

Tomblin et al. 2015
62

Bound morphemes, especially in verbs, are less salient and
less frequent in the input 
ÅTypically sentence medial  (He needsǘƻ ŦƛƴŘΧύ

ÅOften involve fricatives in English

Å/ƻƳǇƭŜȄ ǇƘƻƴŜǘƛŎ ŎƻƴǘŜȄǘǎ όLǘΩǎΣ DǊŜƎΩǎ ŎŀƭƭƛƴƎΧύ

Hearing loss effects processing of subtle 
acoustic cues important for morphosyntax

ÅIntro to OCHL

ÅRole of language input

ÅHow sources of inconsistent 
access influence outcomes
ÅPhonology and grammar
ÅNarratives
ÅPsychosocial
ÅTheory of mind

Narrative Performance in Children who are 
Hard of Hearing

64

Narrative skills?

65

Delayedrelative to peers n Age 
(yr)

Status Like typical peers n Age
(yr)

Status

Worsfordet al. (2010) 89 11-15 D/HH Reuterskioldet al. (2010) 18 9-13 HH

Boons et al. (2013) 66 5-13 Deaf Asker-Arnasonet al. (2012) 20 10-18 HH

Soareset al. (2010) 21 5-11 D/HH Arfe (2015) 42 7-15 D/HH

Note:
ÅFocus on children who are deaf 

or combined D/HH
ÅWide age range 

Research questions

Are children who are hard of hearing at risk for delays in 
language acquisition?

Are certain aspects of language more vulnerable to the 
effects of hearing loss in the mild-severe range?

How do the narrative abilities of children who are HH 
compare to age-matched peers with NH?

What factors contribute to variability in spontaneous and 
retell narrative scores?
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Current study: Participants
Å54 children with normal hearing (24 males, 30 

females)

Å88 children who are hard of hearing (47 males, 41 
females)
ÅAverage age = 7.1 months (2.5)

Å173 identified at NHS

Å43 later-identified

M SD

DemographicCharacteristics

Better-ear PTA (dB

HL)
46.4 16.2

Age at confirmation 9.1 11.8

Age at HA fit 11.4 11.9

Methods:  Narrative task

Narrative task

Spontaneous

ωExaminer 
presents 
story 
pictures 
one at a 
time

Spontaneous

ωRepeat 
pictures, 
with child 
telling 
story  

Retell

ωExaminer 
tells 
story

Retell

ωChild 
repeats 
back 
story 

Narrative scoring scheme (NSS): adapted from Heilman et al. (2010)

to judge the quality of narrative performance (macrostructure). The

NSS consisted of seven story characteristics, rated on a scale from 0

(poor) to 5 (proficient).

Story Characteristics Definition

Introduction Presence, absence, and qualitative 
depiction of character and setting 
components

Character Development Acknowledgement of characters and 
their significance in the story

Mental States Frequency/diversity of mental state 
words

Conflict Resolution Presence/absence of conflicts and 
resolutions required to express the story

Referencing Consistent and accurate use of 
antecedents and clarifiers

Cohesion Sequencing and transitions between 
events

Conclusion Description of final event and story 
wrap-up

Candy Stealing Story
Results:  Is hearing status related to 
narrative scores?

p = .046
d = .358

p = .001
d = .596

Spontaneous:
20% NH > 1 SD 
below mean

27% HH > 1 SD 
below mean

Retell:
18% NH > 1 SD 
below mean

35% HH > 1 SD 
below mean
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Grammatical Measures
Spontaneous Retell

NH HH p d NH HH p d

MLUm 9.35 8.36 .004 0.49 11.53 10.03 .001 0.59

Omit 
Morph

.17 .61 .001 0.54 .48 1.21 .001 0.58

Subord
Index

1.36 1.19 .013 0.47 1.57 1.40 .002 0.50

Not different: # of utterances, NTW, mazes, error word codes, 
total mental states. NH children used more words on retell than 
HH (63.6 vs 56.6, p = .006)

Results: What factors influenced narrative 
performance?

ÅBetter ear SII, syntax, and vocabulary were significantly 

correlated with spontaneous narrative scores. 

ÅBetter ear SII, syntax, vocabulary, and nonword repetition were 

significantly correlated with retell narrative scores. 

Summary of findings

ÅOn average, children who were hard of hearing 
demonstrated delays in spontaneous and retell 
narrative skills, both in terms of macrostructure and 
microstructure.

ÅA large percentage of children performed within the 
average range on the narrative task.

ÅAmount of aided audibility was associated with 
individual differences in the hard of hearing group.

ÅFuture directions:  examine performance on retelling of 
fables and Test of Narrative Language in 8-9 year olds

ÅIntro to OCHL

ÅRole of language input

ÅHow sources of inconsistent 
access influence outcomes
ÅPhonology and grammar
ÅNarratives
ÅPsychosocial
ÅTheory of mind

Psychosocial outcomes of toddlers and 
preschoolers who are hard of hearing Acknowledgements:

Supported by NIDCD R01DC009560

Sophie E. Ambrose 
BTNRH

John Knutson
University of Iowa
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Å Does hearing status affect language abilities?
Å Do the auditory access variables contribute to variance in 

language abilities?

Auditory access:
Audibility (BESII)

HA use
Age HA fit

Language 
Abilities

Psychosocial 
Outcomes

ÅBackground on psychosocial development
ÅDoes hearing status affect psychosocial development?
ÅDo the auditory access variables contribute to variance in 

psychosocial development?

Auditory access:
HA use

Age HA fit
Audibility (BESII)

Language 
Abilities

Psychosocial 
Outcomes

Psychosocial development
ÅDelayed communication and limited 

access to conversational exchanges may 
lead to risk in psychosocial development 
(Moeller, 2007)

ÅEncompasses social participation, self-
esteem, quality of life

ÅMay be exhibited as 
ÅInternalizing behaviors (depression, anxiety, 

withdrawal) 

ÅExternalizing behaviors (aggression, rule-
breaking)

Previous research on psychosocial outcomes

Small sample sizes 

Children who are 
deaf or HH combined 
into one group

Measurement 
differences

άtǊŜŘƛŎǘƻǊǎ ƻŦ tǎȅŎƘƻǎƻŎƛŀƭ hǳǘŎƻƳŜǎ ƛƴ IŀǊŘ-of-Hearing 
tǊŜǎŎƘƻƻƭ /ƘƛƭŘǊŜƴέ όLaugenet al.; 2016)

Å35 CHH tested at 4 years of age

ÅStrengths and Difficulties Questionnaire (SDQ) and 
the Social Skills Rating System (SSRS)

άtǊŜŘƛŎǘƻǊǎ ƻŦ tǎȅŎƘƻǎƻŎƛŀƭ hǳǘŎƻƳŜǎ ƛƴ IŀǊŘ-of-Hearing 
tǊŜǎŎƘƻƻƭ /ƘƛƭŘǊŜƴέ όLaugenet al.; 2016)

ÅCHH displayed significantly more emotional, 
hyperactivity, and peer problems than CNH

ÅAge at detection and female gender were associated 
with better outcomes; degree of hearing loss and 
vocabulary were not.



10/2/2017

15

ÅChild Behavior 
Checklist (CBCL)
ÅAdministered at 2, 

4, and 6 years of 
age

OCHL Psychosocial Measures
CBCL (Achenbach, 1992)

ÅtǊŜǎŎƘƻƻƭ ǾŜǊǎƛƻƴΥ  ǇŀǊŜƴǘǎ ǊŀǘŜ ŎƘƛƭŘΩǎ ōŜƘŀǾƛƻǊ ƻƴ о Ǉƻƛƴǘ ǎŎŀƭŜ όƴƻǘ 
true; somewhat true; very true)

ÅComposite scores:  Internalizing and Externalizing

ÅT-scores 
ÅAverage = 50, lower is better

Psychosocial:  Hearing status

Externalizing

2 year olds 4 year olds

n.s. correlated with BEPTA n.s. correlated with BEPTA

Psychosocial:  Hearing status

Internalizing

2 year olds 4 year olds

p = .038 

n.s. correlated with BEPTA

p = .038 

Mean = 46.8 Mean = 41.93

Psychosocial: Auditory Access

ÅExternalizing 
Å2 yearsHA use 

(hours)
SII

Age at 
HA fit 

(<6 mo, 
>6 mo)

SII HA use 
(hours)

p = .04
Fit earlier = 
better score

n.s. (p = .53)p = .08
Less audibility = 

better score


