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LANGUAGE SCORES AS A FUNCTION 
OF AGE AT CI

(Niparko et al., 2010)
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KNOWN FACTORS THAT CONTRIBUTE 
TO OUTCOMES VARIABILITY
• Child-related demographic risk factors 
• Hearing-related risk factors                               ~ half of variability
• Device-related factors

• Enormous problem for clinicians and parents
– Difficult to predict with good accuracy a given child’s expected outcomes

– Frustrating for parents when outcomes are below expectations

– Few identified malleable factors that can be addressed in intervention that could 
promote better outcomes



“INTELLECTUAL ISOLATION”

• General Systems Theory (von Bertalanffy, 1968): Closed- vs. Open-Loop Systems

• Human development is shaped by dynamic interactions between biology & 
environment (Bronfenbrenner, 1969)

• Goals:

• Broaden the search for factors that contribute outcomes by looking beyond the 
peripheral auditory system and traditional demographic factors

• Frame questions within the context of development of the whole child embedded 
in a complex, dynamic learning environment involving family influences



FAMILY ENVIRONMENT AND FAMILY 
DYNAMICS
• Family environment and dynamics refers to the “patterns of activities, roles, and 

interpersonal relations experienced by the developing child” within the family 
unit (Bronfenbrenner, 1979, p. 22)

• Family influences child development via behavioral influences, social learning 
factors, stress and coping variables, among other factors

• Social-behavioral risk model

– Based in Family Systems Theory



HOW DO WE MEASURE FAMILY 
ENVIRONMENT & FAMILY DYNAMICS?
1. Primary caregiver-report

Family Environment Scale (FES; Moos & Moos, 2009)

• 90-item true/false questionnaire that assesses three major dimensions of family 
environment: Family Relationship, System Maintenance, and Personal Growth

2. Structured interview with primary caregiver & observation of home and 
interactions between primary caregiver and child

Home Observation Measurement of the Environment (HOME; Caldwell & Bradley, 2003) 

• Evaluates the quality and quantity of support and stimulation provided to the child at 
home using ~60 items that are evaluated as present or not by the clinical researcher



FAMILY ENVIRONMENT & DYNAMICS 
OF CHILDREN WITH HL: FES

Table. FES dimensions and subscales



FAMILY ENVIRONMENT & DYNAMICS 
OF CHILDREN WITH HL: FES
• 45 children with prelingual 

deafness and CIs (no 
additional disabilities)

Holt et al., 2012



FAMILY ENVIRONMENT & DYNAMICS 
OF CHILDREN WITH HL: FES
• 59 children with prelingual deafness and CIs (no additional disabilities) separated 

into two age groups:
– 20 preschoolers 

– 39 kindergartners & children in grade school

–

Holt et al., 2013



FAMILY ENVIRONMENT & DYNAMICS 
OF CHILDREN WITH HL: FES

Holt et al., 2013

• Again, these children’s family 
environments did not differ 
from those of the normative 
sample in clinically relevant 
ways

– Developmental difference: 
Control subscale



FAMILY ENVIRONMENT & DYNAMICS 
OF CHILDREN WITH HL: FES

Holt et al., under review

NH HA CI

Mean (SD) age at test (yrs) *7.16 (1.16) *6.04 (1.04) 6.47 (0.73)
Mean (SD) age at HL ID (mos)
Mean (SD) age at CI/HA fitting (mos)
Mean unaided better-ear bPTA range (dB HL)

--
--

<25

*18.8 (14.6)
a25.7 (16.6)

33-70

*6.4 (6.4)
22 (17.3)

>70
cMean annual income $65,000 $35,000 $50,000
dMean primary caregiver education 4.2 3.5 3.1
Mean family size (number of members) 4.1 4.2 4.3
Oral communicators (%) -- 100% 90%
Female (%) 50% 40% 50%
Married parents (%)
Two-parent household (%) 
Additional developmental disabilities (%)
Mean SLP intervention per weeke

Receiving private SLP therapy (number)

90%
90%
0%
--
--

60%
70%
20%
*2.75

0

60%
100%
10%
*7.45
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FAMILY ENVIRONMENT & DYNAMICS 
OF CHILDREN WITH HL: FES

Holt et al., under review



FAMILY ENVIRONMENT & DYNAMICS 
OF CHILDREN WITH HL: HOME
• Overall, family environments 

were similarly enriched 
regardless of hearing history 
and device history

Holt et al., under review



FAMILY ENVIRONMENT & DYNAMICS 
OF CHILDREN WITH HL: HOME
• Parental responsivity higher 

in families of children with 
CIs and children with NH 
than children with HAs

Holt et al., under review



FAMILY ENVIRONMENT & DYNAMICS 
OF CHILDREN WITH HL

Overall, it appears that hearing loss and hearing device 

does not in and of itself result in gross differences 

in the family environments and family dynamics

of children with hearing loss (preschoolers – teens) 

relative to those of children with normal hearing 



FAMILY AND OUTCOMES IN CHILDREN 
WITH HL
• Outcomes of interest

1. Spoken language

• Average delay of children with CIs is ~ 1 SD below the mean on standardized 
measures, with enormous variability (e.g., Ching & Dillon, 2013; Niparko et al., 2010; Holt & 
Svirsky, 2008)

2. Inhibitory control

• Approximately 25-40% of children with CIs score in the clinically elevated range on 
measures of inhibitory control (as well as working memory and controlled fluency-
speed) (e.g., Holt et al., 2013; Kronenberger et al., 2013, 2014)



SPOKEN LANGUAGE & FAMILY IN 
CHILDREN WITH HL
• Family factors that contribute to spoken language resiliency in children with 

HL who use CIs and HAs:
1. Families that flexibly respond to the application of rules within the family unit and apply 

more balanced control across the family members (Holt et al., 2012, 2013)

2. Families that are organized, have clear expectations of each other, plan their lives and keep 
everyone abreast of those plans, and keep a relatively neat environment (Holt et al., 2013) 

3. Families that have lower levels of open disagreement and anger among the family members 
(Holt et al., under review)

4. More enriched home environments, including those that offer more toys and activities, as 
well as those that are safe (Holt et al., under review) 



INHIBITORY CONTROL & FAMILY IN 
CHILDREN WITH HL
• Family factors that contribute to inhibitory control resiliency in children with 

HL who use CIs and HAs:
1. Families that are organized, have clear expectations of each other, plan their lives and 

communicate those plans with each other, and keep a relatively neat environment (Holt et al., 
2012) 

2. Families that have lower levels of open disagreement and anger among the family members 
(Holt et al., 2013)

3. Families that report high levels of support for one another (Holt et al., under review)

4. Families that encourage expressing feelings for one another (Holt et al., under review)



SUMMARY TO THIS POINT

• Family environment and dynamics are associated with at-risk outcomes in 
children with HL

• Specific dimensions of family functioning are related to neurocognitive 
development and they differ in some important respects from those related to 
spoken language development



PARENTAL STRESS

• Parental stress is a risk factor in our working model

• Conflicting findings in the literature regarding parental stress

– Compared to parents of children with NH:

• Elevated stress levels in parents of DHH children (Quiittner et al. 2010; Zaidman-Zait, 2008)

• No significant differences or decreased parental stress levels (Åsberg, Vogel, & Bowers, 
2008; Lederberg & Golbach, 2002; Meadow-Orlans, 1994; Pipp-Siegel et al., 2002) 



PARENTAL STRESS AS A PREDICTOR OF 
OUTCOMES IN OTHER CLINICAL POPULATIONS

• Elevated parental stress levels are associated with increased risk for:
– children’s internalizing behavior 

– children’s externalizing conduct problems 

– children’s overall poor executive function (EF) development, by mediating the 
relation between parent-child bonding and child EF development



PARENTAL STRESS AS PREDICTOR OF 
OUTCOMES IN CHILDREN WITH HL
• Negatively associated with receptive vocabulary in CI users (Sarant & Garrard, 2013)

• Self-efficacy is a part of adaptively coping with having a child with a chronic 
health condition (Lazarus & Folkman, 1984)

– An endogenous factor that refers to an individual’s belief in their competence to 
achieve a goal, particularly when a perceived stressful obstacles is present

– Mothers of children with HL with high self-efficacy for supporting language use 
appropriate facilitative language techniques to scaffold children’s linguistic 
development (DesJardin, 2003; DesJardin & Eisenberg, 2007)



PARENTAL STRESS QUESTIONS
• Are stress profiles similar between parents of children with NH and HL?

• Is the influence of parental stress on inhibitory control mediated by children’s 
language

– If so, does parental self-efficacy moderate this effect?



PARTICIPANT CHARACTERISTICS

Participant Characteristics NH HL (CI & HA)
N 41 39
N Male/Female 24/17 20/19
Average Caregiver Educationa 4.70 (1.4) 4.20 (1.7)
Average Annual Family Incomeb 8.60 (1.7) 7.65 (2.6)
Chronological age, Child (yrs) *5.67 (1.7) *6.64 (1.5)

Audiological Characteristics
Hearing Age (yrs) c NA 5.04 (2.2)

Aided 4-Frequency PTAd(dB HL) NA 23.92 (8.4)

Unaided 4-Frequency PTAd,e(dB HL) NA 70.27 (29.7)

* p < .05



• Two parent-report measures:
1. Parenting Stress Index – Short Form (PSI-SF; Abidin, 2012)

• 39 items

• 5-point rating scale of agreement on questions related to:

– Distress regarding resources and parenting responsibilities

– Quality of nature of the parent-child bond

– Behavior characteristics of the child (related to managing the 
behavior)

2. Demographic Questionnaire

• Contains an open-ended question asking parents to list top 5 sources of 
stress in the last 6 months

HOW DO WE MEASURE PARENTAL 
STRESS?



PARENTAL STRESS

NH HL (CI & HA)
Family, 31 Financial, 24

Financial, 28 Family, 23
Work, 23 Work, 18

Domestic, 22 Domestic, 16
Time Management, 16 Parenting, 11
General Healthcare, 15 General Healthcare, 9

Parenting, 12 Time Management, 7
Travel, 6 Education Considerations, 6

Education, 6 Child Behavior, 6
Politics, 4 Language Development, 3

NH HL (CI & HA)
Family Measures
PSI-SF, Total Stress (SD) 70.05 (18.41) 67.54 (20.01)

Most Common Parent-Reported Stressors, and the Frequency Each Stressor was 
Reported Per Group

Blank et al., submitted



• Scale of Parental Involvement and Self-Efficacy (SPISE; DesJardin, 2003)

– 24 items for parents of children with HL

– 7-point rating scale to quantify parental sense of self-efficacy concerning:

• sensory aid use 

• their child’s speech-language development

– Use an abbreviated version for parents NH children (only use language 
development questions)

HOW DO WE MEASURE SELF-EFFICACY 
FOR LANGUAGE DEVELOPMENT?

NH HL (CI & HA)
Family Measures
SPISE, Self-Efficacy for Lang. Dev. (SD) 6.02 (0.74) 6.05 (0.90)

Blank et al., submitted



• All testing carried out in families’ homes

• Spoken language:
– Clinical Evaluation of Language Fundamentals-Preschool-2 (CELF-P-2; Wiig et al., 2004)

and CELF-5 (Semel et al., 2013)

• Concepts and Following Directions sub-test:  Assesses auditory 
comprehension of utterances that progressively increase in length and 
complexity

• Inhibitory Control and Attention:
– Flanker Test of the NIH Toolbox iPad Cognition Battery application (Gershon et al., 2013)

• Requires child to attend to and indicate the direction of a target arrow that 
either points in the same direction or opposite direction of distractor arrows 
around it

CHILD OUTCOMES TESTING



CHILD OUTCOMES

p < .05

Blank et al., submitted



RELATION BETWEEN PARENTAL STRESS & LANGUAGE

• Parental stress 
independently contributed 
to ~18% of the variability in 
child (HL) auditory language 
comprehension (β = - 0.479, 
ΔR2 = 0.179, p = 0.004)

Blank et al., submitted



RELATION BETWEEN PARENTAL STRESS & INHIBITORY 
CONTROL

Blank et al., submitted

• Parental stress 
independently contributed 
to ~15% of the variability in 
child (HL) inhibitory control 
(β = - 0.454, ΔR2 = 0.148, p = 
0.006)



MEDIATION ANALYSIS
• A mediation analysis was used to measure the effect of parental stress on child inhibitory 

control that occurs through child language (using PROCESS [Hayes, 2017])  

– Age at assessment, hearing age and adult inhibitory control were included in the model as 
covariates

– For NH children: n.s. path effects

– For children with HL: the effects of parental stress on child inhibitory control were 
mediated by child language comprehension 

Blank et al., submitted



PARENTAL STRESS CONCLUSIONS

• Whereas stress profiles of parents of children with HL are not grossly different 
from those of parents of children with NH, parental stress levels are more 
important for at-risk outcomes in this clinical population

• Incremental shifts in parental stress coincide with a greater magnitude of 
change in DHH children’s language and inhibitory control skills

• Inhibitory control skills of children with hearing loss is influenced by parental 
stress via child language skills

– And parental self-efficacy for language growth does not buffer against this



CONCLUSIONS

• Overall families of children with HL are far more similar to families of children 
with NH than they are different

• Specific aspects of family environment, family dynamics, as well as parental 
stress are related to spoken language and inhibitory control outcomes in 
children with HL in principled ways

– Spoken language

– Inhibitory control 



CONCLUSIONS

• Positive, supportive, enriched and predictable home environments provide 
learning opportunities for children to regulate and control their behavior

• More so than children with NH, children with HL must rely on inhibitory 
control when processing spoken language, even in quiet, because of their 
degraded speech perception and more poorly developed higher-level language 
skills (Kronenberger & Pisoni, 2018)



WHY MIGHT THIS BE USEFUL TO 
CLINICIANS AND PARENTS?
• Hearing history cannot be altered once a child has been fit with CIs or HAs

• Demographic factors are not easily modifiable

• Similar outcomes across children across modern devices with full insertions

“In retrospect, the job of designers of CIs was to present just enough information in a clear 
format at the periphery such that brain could ‘take over’ and do the rest of the job in 
perceiving speech and other sounds with adequate accuracy and fidelity…The brain ‘saved 
us’ in producing the wonderful outcomes provided by the present-day CIs.”  (Wilson, 2019, p. 53)

• Family environment and dynamics are a source of input that we need to more 
fully understand



WHY MIGHT THIS BE USEFUL TO 
CLINICIANS AND PARENTS?
• Family environments are malleable 

– Improved support and functioning, and reductions in conflict and control with 
family-based communication and education approaches (Hill & Balk 1987; Mills & Hansen 1991; 

Bruce & Emshoff 1992)

– Raises the potential for novel, targeted intervention approaches that are truly 
family-centered for this clinical population in the future

• Pre-device fitting

• Post-device fitting



FAMILY ENVIRONMENT AND 
DYNAMICS MATTER

Families…

-provide children’s most important 
environment

-are complex, dynamic, and varied

-can support resiliency in children with HL  

-deserve our interest & full support
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