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A B  S T  R  A  C  T  

Purpose: The purpose of this study was to develop a functional model of the 
drivers behind why families may decline early intervention services following the 
identification of a child as D/deaf or hard of hearing. 
Method: This model was developed using a modified eDelphi method. Invited 
experts (N = 155) were provided proposed models of why families may decline 
early intervention services in accordance with current literature. In the first 
phase of feedback, participants (n = 23) provided changes they would make to 
the model to be more in line with their perceptions of lost to intervention. These 
changes were implemented, and a second phase of feedback with participants 
(n = 25) moved to accept the model as presented. 
Results: Agreement was reached on five main barriers to early intervention 
access for children who have been identified as D/deaf or hard of hearing (family 
experience, family culture, perceived vulnerability, perceived benefits, and per-
ceived barriers). Each of these main barriers has associated examples of how 
they may manifest across different early intervention programs and situations. 
Conclusions: This is the first theoretical model of why loss to intervention hap-
pens within early hearing detection and intervention. Having a model provides 
the opportunity for future work to implement novel approaches to support fami-
lies during the early intervention enrollment process. 

Early hearing detection and intervention (EHDI) 
systems across the United States report data to the 
Centers for Disease Control and Prevention (CDC) yearly 
regarding the number of children who have their hearing 
screened and receive diagnostic evaluations, the results of 
those evaluations, and how many children enroll in early 
intervention services. The minimum expectations are that 
children should have their hearing screened by 1 month of 
age; for those who refer on that screening, a diagnostic 

evaluation of hearing should be conducted by 3 months of 
age; and early intervention for children who are identified 
as D/deaf and hard of hearing should be started by 
6 months of age (Joint Committee on Infant Hearing, 
2019). Programs meeting these age-specific benchmarks 
are encouraged to have diagnostic evaluations by 2 months 
of age and early intervention by 3 months of age (Joint 
Committee on Infant Hearing, 2019). 

If a child does not make it to the next clinically indi-
cated step at any point in this progression, they are 
deemed lost to follow-up/documentation (LTFUD). In 
this study, the term LTFUD is broken down into children 
who do not receive a screening (lost to screening), children 
who do not receive diagnostic evaluations after referring 
on their screening (lost to identification), and children 
who do not enroll in early intervention services after iden-
tification as D/deaf and hard of hearing (lost to interven-
tion [LTI]). Specifically for children who are LTI, they

American Journal of Audiology Vol. 32 543–559 September 2023 Copyright © 2023 American Speech-Language-Hearing Association 543

https://orcid.org/0000-0002-7100-109X
https://doi.org/10.1044/2023_AJA-22-00046
mailto:torri.a.woodruff@gmail.com


• • •

have a diagnosis that may put them at an increased risk 
of developmental challenges without appropriate support. 
Children and their families being LTFUD at any point is 
counter to EHDI goals, is not supportive of age-
appropriate development, and may put these children at 
risk for “[l]anguage, speech, social–emotional, and aca-
demic” needs due to inadequate linguistic access (Hall, 
2017; Joint Committee on Infant Hearing, 2019, p. 4; 
LeClair & Saunders, 2019; Yoshinaga-Itano, 1999, 2003, 
2013). As the individual transitions from childhood to 
adulthood, these challenges can create ripple effects 
impacting productivity of an individual and increasing the 
cost of care in the public sector, increasing costs for public 
education, and the exacerbating social stigma (Grosse, 
2007; Hearing Industries Association, 2004; LeClaire & 
Saunders, 2019; World Health Organization, 2021). 

Each family has its own strengths, needs, and prefer-
ences for early intervention services, and the individual 
family service plan (IFSP) that shapes the services pro-
vided is structured to meet the family’s goals (Individuals 
with Disabilities Education Act of 2004). With this indi-
vidualization in the IFSP and the wide range of services 
available to children and their families, the consideration of 
preferences for how services are provided also allows for 
refusal of any services (Individuals with Disabilities Educa-
tion Act of 2004). In fact, over 38% of the children 
reported as D/deaf or hard of hearing to the CDC by 
EHDI programs in 2019 did not receive early intervention 
services and are LTI (CDC, 2021c). Historically, data avail-
able from the CDC on EHDI (2005 to 2019) demonstrate 
that there is consistently over 20% of those identified that 
are not enrolling in early intervention services (CDC, 
2010a, 2010b, 2010c, 2010d, 2011, 2012, 2013, 2014, 2016a, 
2016b, 2019a, 2019b, 2019c, 2020, 2021c). The most com-
monly known reason children identified as D/deaf and hard 
of hearing do not receive services is that their families 
declined early intervention services (CDC, 2021c). 

Need for a Model 

Children who are LTI make up a population where 
all members have been identified as D/deaf and hard of 
hearing yet are not accessing services. In this population, 
compared to children lost before diagnostic services, all 
the children who are LTI are D/deaf or hard of hearing 
and presented with hearing level differences. Thus, the 
ratio of children who are D/deaf or hard of hearing who 
are at risk of language deprivation after being LTI is 
higher than that of children who are LTFUD before diag-
nostic services, as the majority of these individuals who 
are LTFUD before identification are not expected to 
have hearing thresholds outside of the typical range 

(−10 to 15 db HL; American Speech-Language-Hearing 
Association, n.d.). 

While each state has the flexibility to determine its 
own path to services and programmatic goals, current dis-
cussions around children who are LTFUD tend to focus 
on the need for screening and identification (Cockfield 
et al., 2012; Hunter et al., 2016; Yarbrough et al., 2018). 
However, these discussions provide a window into poten-
tial LTI topics if viewed with the understanding that while 
LTI is a type of LTFUD, it is unique in that drivers are 
not logistical in the same way as other forms of LTFUD 
(CDC, 2021a, 2021b, 2021c; C. Liu et al., 2008; Scheepers, 
et al., 2014). The health belief model (HBM) can be used 
to provide structure to LTI by outlining common param-
eters that drive health decisions (Bartholomew Eldridge, 
et al., 2016; Champion & Skinner, 2008). The HBM has 
been used to understand hearing-related health behaviors 
(Saunders, et al., 2012) and other pediatric health care 
topics (Ghomi, et al., 2019; Khoramabadi et al., 2016; 
Y. Liu et al., 2018). As shown in Figure 1, when adapted 
to LTI, these HBM parameters are family perceptions of 
the seriousness of hearing differences/lack of linguistic 
access, perceptions of their susceptibility to the adverse 
sequelae of not accessing language, perceptions of 
engagement benefits in the EHDI system, perceptions of 
barriers to accessing services, interactions with the cues 
available in the environment to prompt them to follow 
EHDI suggestions, and perceptions of their readiness for 
change/self-efficacy in implementing EHDI concepts/ 
practices. 

The personalization and internalization of disen-
gagement with the EHDI system in LTI mirrors motiva-
tors that are deeply engrained in an individual, much like 
the social determinants of health. Broadly, the social 
determinants of health are the parts of our world where 
we live, work, and play (U.S. Department of Health and 
Human Services, n.d.-e). The five determinants are eco-
nomic stability, education access and quality, health care 
access and quality, neighborhood and built environment, 
and social and community context (U.S. Department of 
Health and Human Services, n.d.-f) The social determi-
nants of health lay the foundation for the health care deci-
sions that we all make on a daily basis, can highlight 
areas of need, and may be modifiable through programs 
like Healthy People 2030 that set actionable goals for gov-
ernments to address inequalities in these determinants 
(Department of Health and Human Services, n.d.-f). 

In order to understand how the social determinants 
of health impact LTI and keep in line with the Early Hear-
ing Detection and Intervention Act of 2017, there is a need 
to engage stakeholders in this work. One approach to this 
would be the application of the Delphi method. Delphi
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methods directly address this need by engaging stakeholders 
in iterative cycles of individual judgment and reflection on 
a specific topic or question (McPherson et al., 2018; Okoli 
& Pawlowski, 2004; Skulmoski et al., 2007). Variations of 
Delphi methods such as eDelphis, which uses online 
response systems, and modified Delphis that start with a 
proposed answer to the question can be used to address 
questions as well. Delphi studies implement qualitative and 
quantitative components and have been used in health care 
and inquiry in audiology to understand clinician training, 
core competencies, and the development of models for care 
(Henderson et al., 2016; McPherson et al., 2018; Meibos 

et al., 2019; Nickbakht et al., 2022; Xue et al., 2017). How-
ever, to date, neither approach has not been used to 
address LTFUD or LTI specifically. 

Figure 1. Initial model based on the health belief model used in phase one. Information drawn from Connecticut Birth to Three (2017), 
Donald and Kelly-Campbell (2016), Flores-Fenlon et al. (2019), Hackworth et al. (2018), Haddad et al. (2019), Kanji and Krabbenhoft (2018), 
Khoza-Shangase (2019), Krishnan et al. (2019), Kutzer-White and Luterman (2003), Larsen et al. (2012), Litt and Perrin (2014), Little et al. 
(2014), McPherson et al. (2018), Nickbakht et al. (2019), Okoli and Pawlowski (2004), Pendersen and Olthoff (2019), Razak et al. (2020), Sax 
et al. (2019), Tran et al. (2016), Twardzik et al. (2017), van der Spuy and Pottas (2009), and Woodruff and Cienkowski (2021, 2023b). EHDI = 
early hearing detection and intervention; EI = early intervention. 

Purpose 

This specific investigation and methodology was 
developed to engage researchers, program developers, and 
implementers in a process to better understand the needs 
of each family they serve. The outcome of this study is a 
theoretically and empirically sound model to understand
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and eventually address LTI that is grounded in the princi-
ples of stakeholder engagement. 

Method 

Institutional review board approval was granted for 
this study at the University of Connecticut in September 
of 2020. 

Recruitment 

The experts recruited for this study were stake-
holders in the EHDI system including those employed 
within EHDI, direct service providers, academics, and 
family members/self-advocates. The primary source of 
identification for all experts was individuals listed as hav-
ing presented at a previous EHDI conference. Additional 
resources to identify professional experts included direc-
tories such as the National Center for Hearing Assessment 
and Management and research publications identified 
through research databases. Families/self-advocate identi-
ties were also collected from national and local parent 
support, advocacy, and educational groups. 

There was a specific effort to represent states with dif-
ferent LTI needs. Professionals from states with both less 
than 50% and over 90% enrollment in early intervention fol-
lowing identification via EHDI were specifically invited to 
participate. In addition, representation of all communication 
modes was a goal as there is a wide range of communication 
options and services available to individuals. Hearing status 
was not a parameter that was explicitly used to invite partici-
pants, but 10% of invited experts publicly identified as D/ 
deaf or hard of hearing. Once the initial experts were identi-
fied, all individuals listed were reviewed to ensure their 
expertise was relevant to the study. The protocol for inviting 
experts into this study was similar to that set by Okowi and 
Pawlowski (2004), with an emphasis on creating panels of 
participants who represent the invited groups and are not 
limited by the social network of the research team. 

These resources and reviews led to 155 individuals 
identified as experts. The breakdown of the expert panels is 
displayed in Figure  2. Experts  who represented more  than  
one stakeholder group, such as a self-advocate who is an aca-
demic, were categorized as a part of their identity with the 
least representation in the population of identified experts. In 
our example, the self-advocate who is also an academic 
would be conceptualized as a self-advocate as more aca-
demics were identified to participate than self-advocates. 

These experts were then ranked based on their 
recent work in EHDI/LTI/early intervention. Those indi-
viduals who were active from 2020 or more recently were 

ranked higher than those whose most relevant engagement 
was further in the past. Similarly, individuals with multi-
ple activities relevant to this study were ranked higher 
than those with a singular engagement. Also, a higher 
ranking was given to those experts with leadership posi-
tions. For example, in a family support group, parents 
who held board positions were ranked higher than those 
with membership positions. 

Figure 2. Stakeholder identities recruited and participating. 

Recruitment e-mails were sent out in two phases. In 
Phase 1, invitations to participate were sent out to experts 
on a weekly basis in batches of 10 experts in each cate-
gory until all experts had been invited. This approach was 
taken to allow for equal representation of experts across 
the categories. In Phase 2, all invitations were sent at the 
same time. These invitations included a personalized 
e-mail detailing the study goals, why individuals were 
selected, the time commitment, and a link to participate. 

Phase 1 

After the consent process, experts were able to enter 
into the survey in Qualtrics. The panel of experts was pre-
sented with Figure 1 to provide feedback on in guided 
questions. Experts were presented with Likert scale ques-
tions indicating the clinical utility of each element pre-
sented in Figure 1. This Likert data were used to bolster 
the comments elicited and coded during the free-response 
section. Free-response space was also available on the 
same page for qualitative comments. 

One month after all Phase 1 invitations were sent 
out, the link to provide feedback was closed. Using nVivo 
software, all responses were coded in the qualitative tradi-
tion with an inductive thematic approach. Inductive 
thematic coding works to identify unifying themes across 
the data set in a bottom-up approach where codes are 
derived from the data itself (Creswell & Poth, 2018). All
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qualitative data were coded independently by two coders: 
author Woodruff-Gautherin and a research assistant. Any dis-
agreement in coding was met with discussion until consensus 
was reached. These qualitative codes were crossed in matrices 
with the stakeholder category the respondent endorsed and 
then collapsed into actionable steps that were triangulated with 
the Likert-like scales to update the model to reflect expert 
opinions. 

Phase 2 

Phase 2 of this study aimed to develop a consensus 
around the appropriate drivers and organization within the 
model and LTI. Based on Phase 1, a revised model was 
shared with the participants via e-mail link in the spring of 
2021. Once this link was opened, participants entered Qual-
trics and were shown an updated model based on the feed-
back from Phase 1. Their feedback was solicited in open-
response blocks on the overall fit of this model to the prob-
lem of LTI and Likert scales to indicate the degree of clinical 
utility. These qualitative comments were coded and crossed 
in matrices with the stakeholder category the respondent 
endorsed. Then, these matrices were collapsed into actionable 
steps that were triangulated with the Likert-like scales to 
update the model to reflect expert opinions. The final ques-
tion on the page was a culminating dichotomous yes/no ques-
tion to ask the expert participant if they agreed with this as a 
model to describe LTI. This question was specifically created 
to determine if a third round of feedback was needed. The 
criterion set was for a third phase of feedback if less than 
66% of respondents responded “yes” to this question. 

Results 

Phase 1 

During Phase 1, 23 participants entered the survey 
and completed varying components. The stakeholder iden-
tities (see Figure 2) were separated into family (n = 8), 
research/academic (n = 7), and professional/service provider 
(n = 8). Comments on this model were then collected and 
aggregated by stakeholder category (see Table 1). These 
comments are the foundation for action items (see Table 2) 
and were reviewed with the Likert data (see Table 3) to tri-
angulate responses. Action items (see Table 2) were func-
tional steps taken to address comments and themes from 
participants and create the model shown in the Appendix. 
Comparing Figure 1 and the Appendix provides the most 
insight into the results of Phase 1, the specific changes that 
were made as called for in the action items (see Table 2). 

The primary outcome of this phase is this iteration 
of the model (see the Appendix). The overarching 

directives and results from this phase of the eDelphi 
included the addition of two new categories: family experi-
ence and family culture. These highlight the impact of 
past experiences, biases, and culture in decision making. 
Other changes to the structure of model included the com-
bination of perceived severity and perceived vulnerability 
to better reflect how participants conceptualized these con-
cepts and the removal of cues and self-efficacy as separate 
categories so that these concepts could be redistributed 
into other categories. Additions to the model included 
explicit examples into each category such as a call out to 
unilateral hearing differences in perceived vulnerability 
and an overhaul of the language used in the model to be 
more strengths based. Likert data were treated as supple-
mentary support for qualitative comments in this study 
and were not subjected to statistical analysis. Rather, the 
focus was on triangulation with changes requested and 
Likert scoring. The Likert data bolster qualitative com-
ments and call for the removal/reorganization of concepts 
presented as part of cues and self-efficacy with the least 
favorable scores in terms of utility and quality of descrip-
tion represented by more positive scores. 

Phase 2 

Twenty-five participants responded to the Phase 2 
model shown in the Appendix. Participants represented 
family/self-advocate (n = 5), research/academic (n = 7), 
and professional/service provider (n = 13) groups. As par-
ticipation was anonymous, the individuals who returned 
to do the second phase were not explicitly tracked and 
those who did not respond to requests to participate in 
Phase 1 were allowed to participate in Phase 2. Of the 
Phase 2 participants, 24% (n = 6) endorsed that they had 
been participants in Phase 1 and an additional 32% (n = 
8) reported that they may have participated in Phase 1. 
Comments on this iteration were coded and again sorted 
into categories (see Table 4). 

Unique to this phase, participants were asked to respond 
to a dichotomous statement about their agreement with the 
model as presented. With majority acceptance of the current 
iteration of the model by 19 of 22 participants who responded 
to this question (86.3%), the criterion for acceptance set forth 
(> 66%) was met and the primary result was acceptance of the 
model provided in the Appendix. At this point, Likert data 
were excluded from analysis as only respondent-provided edits 
for clarity were implemented into the final model. There was 
not another phase to allow for content changes. Following 
the implementation of the clarity edits, the final model and 
outcome (see Figure 3) was completed. 

This final version of the model (see Figure 3) is the 
primary outcome of Phase 2 and the study as a whole.
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Table 1. Comments from Phase 1 (n = 23). 

Participant 

Content Structure 

Barrier Cues Self-efficacy Benefits Seriousness Susceptibility Culture 
Special 

populations Wording 
Survey 
logistics 

Noted 
researchers/ 
academics

• Failure to 
make referral

• Lack of trust 
in systems, 
government, 
professionals

• Privacy 
concerns

• Immigration 
status

• Unclear 
concept

• Rename to 
follow up 
support

• Children may 
not provide 
behavioral 
cues to 
hearing

• Cues are 
location 
dependent; 
only some 
states have 
this challenge

• Separate 
readiness 
from self-
efficacy

• Father 
comment is 
unclear

• Second 
parental 
readiness 
comment is 
redundant 
with other 
sections

• Address parents 
who are DHH 
and do not do 
EI

• Stronger 
representation 
of perceived 
importance and 
motivation

• Parents do not 
understand their 
role in EI

• Not true that 
parents do not 
see that value in 
EI

• Does not 
make note of 
the variation 
in training for 
those doing 
diagnostics

• Statements 
should be 
under 
seriousness

• Lack of diverse 
providers

• Lack of diverse 
materials

• Lack of materials 
in home 
language

• Lack of cultural 
understanding

• Model has 
negative 
tone

• Use of 
word 
parents

• Participant 
hearing status 
and language

• Likert sections 
too similar 
across pages

• Not options to 
select more 
than one 

Those employed 
within EHDI

• Families 
concealing 
preferences 
and home 
behaviors 
to not 
jeopardize 
services

• Need to focus 
on language and 
the brain

• Focus on 
amplification

• Spoken 
language and 
ASL are not 
mutually 
exclusive

• Thank you for 
including 
DeafPlus

• DeafPlus as a 
different topic

• Not option to 
select more 
than one 

Family members/ 
self-advocates

• Transient 
families are 
hard to track

• Providers not 
perceived as 
having 
needed skills

• Need for 
multiple 
attempts to 
educate on EI

• Need for 
increased 
accessibility

• Cues are 
unclear

• Move second 
cues to 
barriers

• Need for 
coordination 
with other 
services

• Need for 
connection 
with medical 
home

• This is an 
overwhelming 
time for 
families

• Parents need 
to see 
benefits

• Father 
comment is 
unclear

• Where families 
get support 
(parent to 
parent, deaf 
mentor)

• Benefits are 
psychosocial 
as well

• Need for 
hearing-specific 
services

• COVID-19 and 
remote services 
do not feel 
effective

• First cues to 
seriousness

• Unclear

• Statements 
should be 
under 
seriousness

• Explicit inclusion 
of visual 
language

• Unilateral 
hearing (focus 
on good ear, 
not see 
impact of 
other ear)

• Model has 
negative 
tone

• Wording is 
confusing

• Not option to 
select more 
than one 

Note. DHH = D/deaf or hard of hearing; EI = early intervention; EHDI = early hearing detection and intervention; ASL = American Sign Language.
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This final model includes five primary drivers as to why 
families decline early intervention services in EHDI: fam-
ily culture, family experience, perceived vulnerability, per-
ceived benefit, and perceived barriers.

Discussion 

Through qualitative methods, a model of why the 
family of a child who is D/deaf or hard of hearing may 
decline early intervention services was developed. The 
action items described above were distilled from the quali-
tative coding process and resulted in Figure 3. This model 
provides a theoretical foundation for understanding why 
LTI exists within EHDI. The components presented (family 
culture, family experience, perceived vulnerability, perceived 
benefit, and perceived barriers) highlight key components 
of what drives LTI based on research, professional experi-
ence, and the insight from family and self-advocates. 

While this model is the first of its kind and probes the 
novel question of why there is a population of children who 
are LTI due to family refusal of services, existing approaches 
such as the social determinants of health provide one way of 
considering why these specific factors were selected by partic-
ipants as drivers in the decision to not access early interven-
tion services. These components can be seen across the five 
categories of the final model; however, the model developed 
in this study organizes the manifestations of each determi-
nant based on how it presents in the community. This sets 
up future investigations to view these manifestations of 
determinants as actionable areas of change that are amena-
ble to interpersonal interventions at the public health level 
and provides a foundation for understanding how the social 
determinants of health may be the drivers behind why these 
factors impact enrollment in early intervention. Each social 
determinant can be discussed and illustrated with elements 
from the final model (see Figure 3) and how it relates to 
Healthy People 2030 as a means of addressing health care 
inequalities due to the social determinants of health. 

Economic Stability 

The social determinant of economic stability is 
broadly centered around the Healthy People 2030 goal of 
helping people earn steady incomes that allow them to 
meet their needs, specifically health care needs (U.S. 
Department of Health and Human Services, n.d.-a). Con-
versely, economic instability and the inability to afford var-
ious health care needs detrimentally impact the health of 
individuals and their communities. In LTI, the concept is 
ever present in the perceived barriers related to concerns 
about the cost of accessing early intervention services. The 
statement from one respondent, “Depending on the state 

and financial situation/economic background of the family, 
some early intervention services will come with direct costs 
for enrollment and tangential costs, such as that of trans-
port, that limit accessibility of services,” hits at this concept 
and overlays of how economics can compound with other 
challenges, like limited access to transportation. 

Education Access and Quality 

Healthy People 2030 focuses on increasing educa-
tional opportunities for children and adolescents to 
address this determinant (U.S. Department of Health and 
Human Services, n.d.-b). When looking at the decision-
making process in families who decline early intervention 
for children who are D/deaf and hard of hearing, the 
inverse holds true as not accessing intervention services 
creates challenges in accessing language and education. 
When applying this determinant to a family who declines 
early intervention services, the implications of not having 
access to educational opportunities, both in the past and 
in the moment, are to be considered. For example, the 
expressed comment by one participant of “There is a need 
for more accessible information on intervention, family 
support services, hearing-specific intervention services, and 
language acquisition to support families in understanding 
the benefits of early intervention for their child, and the 
psychosocial functioning of the family” may point to a 
lack of background education or literacy in terms of 
accessing written or presented materials about early inter-
vention stemming from the types of educational opportuni-
ties the family was provided during their own development. 
At the same time, the need for increased educational 
opportunities for family is called for with the statement by 
a participant stating, “Multiple approaches are needed, as 
are attempts, to share information on and connect individ-
uals to interventions and various service providers.” 

Health Care Access and Quality 

Increasing access to comprehensive and high-quality 
health care is the driver used to understand how this 
determinant can be used to improve community health 
and, in the case of this study, how access to early inter-
vention can be supported when a child is identified as D/ 
deaf or hard of hearing (U.S. Department of Health and 
Human Services, n.d.-c). Given that early intervention is a 
health care service, this determinant is present through the 
model. The primary manifestations of this determinant in 
the model are a call for more accessible content in terms 
of understanding and culture. The first two statements 
under family culture where the disconnect between fami-
lies served and providers is highlighted and calls for 
improvement in provider–patient/family communication 
are made both in general and specifically when language
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used in the home is not English. Of note is that access 
to early intervention services is a benchmark of Healthy 
People 2030 in terms of addressing this determinant (U.S. 
Department of Health and Human Services, n.d.-c). 

Table 2. Action steps developed in Phase 1. 

Content 

Perceived barrier Perceived cues Perceived self-efficacy Perceived benefits Perceived seriousness 

Failure to make referral/data 
management

• Transient families are hard 
to track 

System-level barriers in the 
way enrollment referrals 
are made and tracked.

• Lack of trust in systems, 
government, professional 
○ Privacy concerns 

○ Immigration status 

○ Families concealing 
preferences and home 
behaviors to not 
jeopardize services 

Individuals and families may 
be uncomfortable or 
distrusting of involving 
themselves in state-run 
services
• Need for multiple attempts 

to educate on EI 
Multiple approaches and 

attempts are needed to 
share information on and 
connect individuals to 
interventions

• Need for increased 
accessibility 

Unclear concept
• Children may not 

provide behavioral 
cues to hearing

• Rename to follow up 
support

• Going forward, we 
will also have 
definitions of each 
category 

All components moved 
to other columns 
and this was 
removed. The use of 
the words cues was 
misleading.

• Cues are location 
dependent; only 
some states have 
this challenge 
○ Moved to 

barriers (with 
failure to refer)

• Move second cues 
to barriers 
○ Moved to 

barriers

• Need for 
coordination with 
other services 
○ Moved to 

barriers

• Need for connection 
with medical home 
○ Moved to 

barriers 

Feedback that needs to 
be added

• This is an 
overwhelming time 
for families

• Parents need to see 
benefits 

Separate readiness from 
self-efficacy

• Rename concept 
“Family Experience” 

Father comment is 
unclear

• Removal 

Second parental 
readiness is 
redundant with other 
sections

• Delete 

Address parents who are 
DHH and do not do EI

• Additional research on 
this population and 
move to new “Family 
experience” 

Stronger representation of 
perceived importance 
and motivation

• Additional research on 
this concept and 
emphasize this in the 
descriptions. 

Not true that parents do not 
see that value in EI

• Remove and reframe 
according to the point 
below 

Parents do not understand 
their role in EI

• Reframe to get at this 
point 

Need to focus on language 
and the brain

• Add to what needs to 
be more accessible 

Benefits are psychosocial 
as well

• More research on 
thisWhere families get 
support (parent to 
parent, deaf mentor)

• Fold in with the above 
point 

Need for hearing specific 
services

• Add to what needs to 
be more accessible 

Providers not perceived as 
having needed skills

• Research this question 
and fold in with 
comment below 
Add

• COVID-19 and remote 
services do not feel 
effective 

Feedback that needs to 
be added

• Does not make note 
of the variation in 
training for those 
doing diagnostics 

Add a comment here 
about how the 
structure might start 
with minimization

• First cues to 
seriousness 

Reframe and move this 
here

Neighborhood and Built Environment 

The determinant of Neighborhood and Built Envi-
ronment is addressed through the creation of neighbor-
hoods and environments that promote health and safety 
(U.S. Department of Health and Human Services, n.d.-d). 

It is noted in the literature that the U.S. population, and 
thus, the need for audiologists, is expected to continually 
increase, with the 65- to 85-year age bracket experienc-
ing the most rapid growth (Windmill & Freeman, 
2013). This increased need for audiologists could be 
felt across all age brackets as many providers provide 
care over the life course and the attrition of audiologists 
will further lessen access. Many of the challenges that 
are noted to be related to physical location are more so 
tied to forms of lost to follow-up that occur before 
intervention services are indicated such as diagnostic
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Table 2. (Continued).

M SD M SD

Content Structure

Perceived susceptibility Culture Special populations Wording Survey logistics

Unclear concept: “statements 
should be under 
seriousness”

• Combine the two and 
make it about vulnerability 

Feedback that needs 
to be added

• Lack of diverse 
providers

• Lack of diverse 
materials

• Lack of materials 
in home language

• Lack of cultural 
understanding

• Explicit inclusion 
of visual language

• Focus on 
amplification

• Spoken language 
and ASL are not 
mutually exclusive 

This is a new 
component that 
has been added 

Feedback that needs to be 
added

• Thank you for including 
DeafPlus 
○ DeafPlus as a 

different topic 

Move this to new parental 
experience

• Unilateral hearing 
○ Focus on good ear 

○ Not looking at 
impact of other ear 

○ Move this to about 
perceived susceptibility 
and see if there is more 
on these behaviors in 
bilateral hearing 
differences 

This will not become a 
component as the 
comments here are 
folded in elsewhere 

Model has negative 
tone

• Reframe 
Use of word parents
• Move to families 

where possible, 
where not 
parents/caregivers 

Wording is confusing
• Review each 

Participant hearing status 
and language

• Too much that might 
reduce anonymity. Also, 
recruitment looks to 
create diversity in this 
specifically so it will not 
change 

Likert sections too similar 
across pages

• Reformat so that the 
difference key words 
are bolded. 

No options to select more 
than one

• Fix that 

Note. DHH = D/deaf or hard of hearing; EI = early intervention; ASL = American Sign Language. 

Table 3. Likert data from Phase 1. 

Category 

Clinical utility Quality of description 

Perceived seriousness −1.96 0.9 −1.91 1.0 

Perceived susceptibility −2.24 0.8 −1.64 1.3 

Perceived benefit −2.46 0.6 −2.08 1.0 

Perceived barriers −2.12 0.8 −2.13 1.2 

Cues −1.56 1.3 −1.26 1.3 

Self-efficacy −1.74 1.1 −1.62 1.2
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Table 4. Comments from Phase 2 (n = 25). 

Participant Copyedit 
Add specific example 

of existing idea Clarify present idea 
Remove specific examples 

of existing ideas Linguistic choice 

Noted researchers/ 
academics 

Copyedit 
Need more concise 
Cannot read 
Design of graphic 

Some parents may believe that 
their child does not have a 
need for services 

Concern that the child is taking 
services from others 

Concerns about labeling a child 
so young 

Concerns with skills of providers 

Providers lacking specialized 
training 

Training for professionals on 
equity, diversity, and inclusion 

Lack of understanding of parental 
benefit of EI 

Unclear comments about parents 
of children who are D/deaf and 
hard of hearing themselves 

Define “adequate” in concerns 
about providers 

More clarity with feelings 
mentioned post diagnosis 

Some comments could be 
interpreted as being about 
screening rather than EI as 
intended 

Impact of unilateral needs to be 
more clear 

Separate ideas in second bullet 
of benefits 

Concerns if statement on the 
cost is true 

Edit section of DeafPlus 

Removed EHDI from list of places 
where info is needed 

Remove COVID-19 reference (this 
is transient) 

Medical home does not fit in this 
discussion 

Deaf gain language 

Those employed 
within EHDI 

Concerns with skills of providers 
Physicians not responding to 
severity 

Parents think costs are higher 
than they are 

What if the parents do not have 
access to peers? 

Parents do not see a benefit of 
the service 

Parental denial 

More open to all 
communication modes 

Remove the word 
deprivation 

Family members/ 
self-advocates 

Copyedit Educational background 
Economic background 
Accessibility of communication 

for parents 
Financial Access 
Cost of transport 
Idea parents have that child 

note not have needs 
Concerns with skills of providers 
EI providers not responding to 

severity 

Internal systematic barriers 
Providers lacking specialized 

training 
The statement of utility of 

unilateral and mild are true 
Statements do not always fit with 

groups 
Perceived health risks 

Remove COVID-19 reference 
(this is transient) 

More open to all 
communication modes 

Did not indicate Cannot read 
Copyedit 

Remove the word 
deprivation 

Note. EHDI = early hearing detection and intervention; EI = early intervention.
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services where IDEA policies on natural environments 
do not apply. While not heavily represented in this 
model, due to the type of lost to follow-up under inves-
tigation, it is critical to remember that this determinant 
can work with other determinants, such as economic 

instability and increased travel needs for individuals liv-
ing in more rural locations (Coco et al., 2018) that crea-
tive family-centered problem solving is trying to address. 
Demonstrating one creative solution to this concern is 
the use of telehealth services such as that coming out

Figure 3. Final model. EHDI = early hearing detection and intervention.
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of Cincinnati Children’s Hospital (Evans et al., 2021; 
Steuerwald et al., 2018).

Social and Community Context 

The determinant of social and community context is 
focused on how support and empowerment is transmitted 
within a community (U.S. Department of Health and 
Human Services, n.d.-e). To address this, Healthy People 
2030 has the goal of increasing social and community 
support, similar to all the concepts endorsed as elements 
of family experiences in this study. How individual fami-
lies and communities view early intervention services 
shapes involvement and how comfortable families are 
reaching out to state services for intervention or the ease 
they have finding social supports that are called for to 
address barriers present in family conceptualizations of 
perceived benefit as outlined by Point 2 of this section: 
“There is a need for more accessible information on 
intervention, family support services, hearing-specific 
intervention services, and language acquisition to support 
families in understanding the benefits of early interven-
tion for their child, and the psychosocial functioning of 
the family.” 

The components in this model reinforce that the 
challenges associated with LTI are unique from those of 
lost to screening and lost to identification and the current 
logistical focus on care coordination does not address all 
factors in play. Instead, the focus for LTI intervention 
must be family centered with attention paid to the lens in 
which a family exists (culture and experience) and their 
perception of services and needs related to hearing. 

The Abridged Model 

An abridged version of the model was also developed 
based on the results of Phase 2. This model (see Figure 4) 
includes the major categories and definitions only. The sub 
examples are not included to allow for a more straightfor-
ward presentation of the key components. The removal of 
sub examples in this abridged version of the model may 
provide states, agencies, and individual providers the flexi-
bility to apply this model while keeping with a family-
centered and individualized approach to supporting deci-
sion making on early intervention enrollment. By retaining 
only the key components and descriptors, the abridged 
models can be used as a starting point for future works 
looking to tailor this model to specific populations. 

Figure 4. Abridged model. LTI = lost to intervention.
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Future Directions 

This model is poised for use in creating, imple-
menting, and evaluating programs that support children 
and their families during the start of their early intervention 
journey. By understanding the drivers of what leads to 
LTI, and specifically focusing on why a family may decline 
services, interventions to support these individuals can be 
developed. This model will serve as the foundation for 
developing Woodruff Cienkowski’s (2023b)  “Swaddling Ear 
to Ear,” a research-based, family-focused, data-driven par-
ent education module to support early intervention enroll-
ment. As the focus on supporting each family through the 
entire EHDI system continues to grow, the focus on LTI 
interventions will increase. Future work should consider the 
impact of each factor in the model to determine the relative 
effect of each discrete component. This future direction will 
provide a further strengthened foundation for future efforts 
to address model components and support early interven-
tion enrollment. 

Within the EHDI system, each state can structure its 
program to fit the needs and laws of that state. However, 
the population pulled for this study was from the national 
level. Moving forward, states can create their own focus 
groups or capitalize on task forces and boards already 
involved in EHDI to help refine the model to meet the cir-
cumstances in their state, specifically in terms of the EHDI 
system and noted challenges. As with any work, this model 
is a consensus for our identified experts and will benefit 
from cultural tailoring and family-centered implementation. 

Conclusions 

Having a model of LTI that highlights the intrinsic 
differences between the various forms of lost to follow-up in 
EHDI is critical for understanding the unique situation and 
positionality of every family. This model is a step toward 
family-centered care and responsive interventions to meet 
each family where they are within EHDI, be that screening, 
identification, or intervention. This study joins the growing 
collection of research in speech, language, and hearing sci-
ences that implement the Delphi method. The Delphi 
method’s qualitative applications provide space for stake-
holders in the EHDI system (parents, self-advocates, care 
providers, care coordinators, and program implementers) to 
provide meaningful feedback and genuinely engage in sys-
tems change work as intended within the EHDI legislation. 

Data Accessibility Statement 

Due to the nature of this research and the small 
pool of experts, the risk of participant identification has 

been deemed a primary risk; thus, supporting data are not 
available. 

Acknowledgments 

The Educational Audiology Foundation awarded 
Torri Ann Woodruff-Gautherin, personally, the Student 
Research Award following completion of the study. The 
development of this article was supported, in part, by 
funding from the U.S. Department of Health and Human 
Services, Health Resources and Services Administration 
(Award T73MC30115) and the U.S. Department of 
Health and Human Services, Administration for Commu-
nity Living, Administration on Intellectual and Develop-
mental Disabilities (Award 90DDUC0071) awarded to the 
University of Connecticut Center for Excellence in Devel-
opmental Disabilities Education, Research, and Service. 
The opinions expressed, however, are those of the authors 
and do not necessarily reflect the official position of the 
departments. This work was completed as part of Torri 
Ann Woodruff-Gautherin’s bound dissertation. Her com-
mittee, Bernard Grela, Beth S. Russell, Kim Gans, Sarah 
Woulfin, and Mary Beth Bruder and her major advisor 
Kathleen Cienkowski provided vital feedback and support 
over the course of this and many other projects. Melissa 
Karp was a critical resource and aid in the development 
of the sample, analysis of the data, and interpretation of 
results. 

References 

American Speech-Language-Hearing Association. (n.d.). Degree of 
hearing loss. Retrieved July 2, 2023, from https://www.asha. 
org/public/hearing/degree-of-hearing-loss/ 

Bartholomew Eldridge, L. K., Markham, C. M., Ruiter, R. A. C., 
Fernandez, M. E., Kok, G., & Parcel, G. S. (2016). Planning 
health promotion programs: An intervention mapping approach 
(4th ed.). Jossey-Bass & Pfeiffer Imprints, Wiley. 

Centers for Disease Control and Prevention. (2010a). Reasons for 
infants with hearing loss not receiving early intervention (EI) ser-
vices (Year 2008). https://www.cdc.gov/ncbddd/hearingloss/ 
2008-data/2008_Reasons_No_EI_Web.pdf 

Centers for Disease Control and Prevention. (2010b). Reasons for 
infants with hearing loss not receiving early intervention (EI) 
services (Year 2007). https://www.cdc.gov/ncbddd/hearingloss/ 
2007-data/2007_No_EI_Web_Rev.pdf 

Centers for Disease Control and Prevention. (2010c). Reasons for 
infants with hearing loss not receiving early intervention (EI) 
services (Year 2006). https://www.cdc.gov/ncbddd/hearingloss/ 
2006-data/2006_No_EI_Web_Rev.pdf 

Centers for Disease Control and Prevention. (2010d). Final sum-
mary of 2005 National EHDI Data (Version 7). https://www. 
cdc.gov/ncbddd/hearingloss/2005-data/EHDI_Summ_2005_Web_ 
Ver7.pdf 

Centers for Disease Control and Prevention. (2011). 2009 summary 
of early intervention (EI) among infants identified with

Woodruff-Gautherin & Cienkowski: Modeling Lost to Intervention 555

https://www.asha.org/public/hearing/degree-of-hearing-loss/
https://www.asha.org/public/hearing/degree-of-hearing-loss/
https://www.cdc.gov/ncbddd/hearingloss/2008-data/2008_Reasons_No_EI_Web.pdf
https://www.cdc.gov/ncbddd/hearingloss/2008-data/2008_Reasons_No_EI_Web.pdf
https://www.cdc.gov/ncbddd/hearingloss/2007-data/2007_No_EI_Web_Rev.pdf
https://www.cdc.gov/ncbddd/hearingloss/2007-data/2007_No_EI_Web_Rev.pdf
https://www.cdc.gov/ncbddd/hearingloss/2006-data/2006_No_EI_Web_Rev.pdf
https://www.cdc.gov/ncbddd/hearingloss/2006-data/2006_No_EI_Web_Rev.pdf
https://www.cdc.gov/ncbddd/hearingloss/2005-data/EHDI_Summ_2005_Web_Ver7.pdf
https://www.cdc.gov/ncbddd/hearingloss/2005-data/EHDI_Summ_2005_Web_Ver7.pdf
https://www.cdc.gov/ncbddd/hearingloss/2005-data/EHDI_Summ_2005_Web_Ver7.pdf


• • •

permanent hearing loss. https://www.cdc.gov/ncbddd/hearingloss/ 
2009-data/2009_EI_Summary_Web.pdf 

Centers for Disease Control and Prevention. (2012). 2010 summary 
of early intervention (EI) among infants identified with perma-
nent hearing loss. https://www.cdc.gov/ncbddd/hearingloss/ 
2011-data/2011_EI_Summary_Web.pdf 

Centers for Disease Control and Prevention. (2013). 2011 summary 
of early intervention (EI) among infants identified with perma-
nent hearing loss. https://www.cdc.gov/ncbddd/hearingloss/ 
2011-data/2011_EI_Summary_Web.pdf 

Centers for Disease Control and Prevention. (2014). 2012 summary 
of early intervention (EI) among infants identified with perma-
nent hearing loss. https://www.cdc.gov/ncbddd/hearingloss/ 
2012-data/2012_ei_summary_web_b.pdf 

Centers for Disease Control and Prevention. (2016a). 2014 sum-
mary of reasons for no early intervention (EI) services. https:// 
www.cdc.gov/ncbddd/hearingloss/2014-data/2014_EI_Reasons_ 
Web-D.pdf 

Centers for Disease Control and Prevention. (2016b). 2013 sum-
mary of reasons for no early intervention (EI) services. https:// 
www.cdc.gov/ncbddd/hearingloss/2013-data/2013_EI_Summary_ 
Web-E.pdf 

Centers for Disease Control and Prevention. (2019a). 2017 sum-
mary of reasons for no documented early intervention (EI) ser-
vices among infants with permanent hearing loss. https://www. 
cdc.gov/ncbddd/hearingloss/2017-data/11-no-early-Intervention-
reasons.html 

Centers for Disease Control and Prevention. (2019b). 2016 sum-
mary of reasons for no documented early intervention (EI) ser-
vices among infants with permanent hearing loss. https://www. 
cdc.gov/ncbddd/hearingloss/2016-data/11-no-early-Intervention-
reasons.html 

Centers for Disease Control and Prevention. (2019c). 2015 sum-
mary of reasons for no documented early intervention (EI) ser-
vices among infants with permanent hearing loss. https://www. 
cdc.gov/ncbddd/hearingloss/2015-data/11-no-early-Intervention-
reasons.html 

Centers for Disease Control and Prevention. (2020). 2018 summary 
of reasons for no documented early intervention (EI) services 
among infants with permanent hearing loss. https://www.cdc. 
gov/ncbddd/hearingloss/2018-data/11-no-early-Intervention-
reasons.html 

Centers for Disease Control and Prevention. (2021a). 2019 sum-
mary of reasons for no documented early intervention (EI) ser-
vices among infants with permanent hearing loss. https://www. 
cdc.gov/ncbddd/hearingloss/2019-data/11-no-early-Intervention-
reasons.html 

Centers for Disease Control and Prevention. (2021b). 2019 sum-
mary of reasons for no documented hearing screening among 
total occurrent births. https://www.cdc.gov/ncbddd/hearingloss/ 
2019-data/05-no-screen-reasons.html 

Centers for Disease Control and Prevention. (2021c). 2019 sum-
mary of reasons for no documented diagnosis among infants not 
passing hearing screening. https://www.cdc.gov/ncbddd/hearingloss/ 
2019-data/08-no-diagnosis-reasons.html 

Champion, V. L., & Skinner, C. S. (2008). The health belief 
model. In K. Glanz, B. K. Rimer, & K. Viswanath (Eds.), 
Health behavior and health education: Theory, research, and 
practice (pp. 45–65). Jossey-Bass. 

Cockfield, C. M., Garner, G. D., & Borders, J. C. (2012). Fol-
low-up after a failed newborn hearing screen: A quality 
improvement study. ORL – Head and Neck Nursing, 30(3), 9–13. 

Coco, L., Titlow, K. S., & Marrone, N. (2018). Geographic distri-
bution of the hearing aid dispensing workforce: A teleaudiology 

planning assessment for Arizona. American Journal of Audiol-
ogy, 27(3S), 462–473. https://doi.org/10.1044/2018_AJA-IMIA3-
18-0012 

Connecticut Birth to Three. (2017). System of payments policy for 
families. https://www.birth23.org/wp-content/uploads/Families/ 
System-of-Payments.pdf 

Creswell, J. W., & Poth, C. N. (2018). Qualitative inquiry & 
research design: Choosing among five approaches (4th ed.). 
SAGE. 

Donald, A. J., & Kelly-Campbell, R. J. (2016). Pediatric audiol-
ogy report: Assessment and revision of an audiology report 
written to parents of children with hearing impairment. Jour-
nal of Speech, Language, and Hearing Research, 59(2), 359– 
372. https://doi.org/10.1044/2015_JSLHR-H-15-0120 

Early Hearing Detection and Intervention Act of 2017, Pub. L 
115–71, 131 Stat. 1218, 1219, 1220, 1221, 1222 and 1223, cod-
ified as amended at title 42 U.S.C. §§ 280g and 280g-1. 

Evans, T., Nejman, T., Stewart, E., & Windmill, I. (2021). 
Increasing pediatric audiology services via telehealth. Semi-
nars in Hearing, 42(02). 136–151. https://doi.org/10.1055/s-0041-
1731694 

Flores-Fenlon, N., Song, A. Y., Yeh, A., Gateau, K., Vanderbilt, 
D. L., Kipke, M., & Lakshmanan, A. (2019). Smartphones 
and text messaging are associated with higher parent quality 
of life scores and enrollment in early intervention after NICU 
discharge. Clinical Pediatrics, 58(8), 903–911. https://doi.org/ 
10.1177/0009922819848080 

Ghomi, R., Vasil, P., Hosseini, M., & Ahmadi, F. (2019). Effect 
of an empowerment program on the caring behaviors of 
mothers with preterm infants: The health belief model 
approach. International Journal of Health Promotion and Edu-
cation, 57(2), 55–66. https://doi.org/10.1080/14635240.2018. 
1549959 

Grosse, S. D. (2007). Education cost savings from early detection 
of hearing loss. Volta Voices, 14(6), 38–40. 

Hackworth, N. J., Matthews, J., Westrupp, E. M., Nguyen, C., 
Phan, T., Scicluna, A., & Nicholson, J. M. (2018). What influ-
ences parental engagement in early intervention? Parent, pro-
gram and community predictors of enrolment, retention and 
involvement. Prevention Science, 19, 880–893. https://doi.org/ 
10.1007/s11121-018-0897-2 

Haddad, K. L., Steuerwald, W. W., & Garland, L. (2019). Family 
impact of pediatric hearing loss: Findings from parent inter-
views and a parent support group. Journal of Early Hearing 
Detection and Intervention, 4(1), 43–53. https://doi.org/10. 
26077/6t2b-rx63 

Hall, W. C. (2017). What you don’t know can hurt you: The risk 
of language deprivation by impairing sign language develop-
ment in deaf children. Journal of Maternal and Child Health, 
21, 961–965. https://doi.org/10.1007/s10995-017-2287-y 

Hearing Industries Association. (2004). A white paper addressing 
the societal costs of hearing loss and issues in third party reim-
bursement. https://www.audiologyonline.com/articles/white-paper-
addressing-societal-costs-6832-6832 

Henderson, R. J., Johnson, A. M., & Moodie, S. T. (2016). 
Revised conceptual framework of parent-to-parent support for 
parents of children who are deaf or hard of hearing: A modi-
fied Delphi study. American Journal of Audiology, 25(2), 110– 
126. https://doi.org/10.1044/2016_AJA-15-0059 

Hunter, L. L., Meinzen-Derr, J., Wiley, S., Horvath, C. L., 
Kothari, R., & Wexelblatt, S. (2016). Influence of the WIC 
program on loss to follow-up for newborn hearing screening. 
Pediatrics, 138(1), Article e20154301. https://doi.org/10.1542/ 
peds.2015-4301

556 American Journal of Audiology Vol. 32 543–559 September 2023

https://www.cdc.gov/ncbddd/hearingloss/2009-data/2009_EI_Summary_Web.pdf
https://www.cdc.gov/ncbddd/hearingloss/2009-data/2009_EI_Summary_Web.pdf
https://www.cdc.gov/ncbddd/hearingloss/2011-data/2011_EI_Summary_Web.pdf
https://www.cdc.gov/ncbddd/hearingloss/2011-data/2011_EI_Summary_Web.pdf
https://www.cdc.gov/ncbddd/hearingloss/2011-data/2011_EI_Summary_Web.pdf
https://www.cdc.gov/ncbddd/hearingloss/2011-data/2011_EI_Summary_Web.pdf
https://www.cdc.gov/ncbddd/hearingloss/2012-data/2012_ei_summary_web_b.pdf
https://www.cdc.gov/ncbddd/hearingloss/2012-data/2012_ei_summary_web_b.pdf
https://www.cdc.gov/ncbddd/hearingloss/2014-data/2014_EI_Reasons_Web-D.pdf
https://www.cdc.gov/ncbddd/hearingloss/2014-data/2014_EI_Reasons_Web-D.pdf
https://www.cdc.gov/ncbddd/hearingloss/2014-data/2014_EI_Reasons_Web-D.pdf
https://www.cdc.gov/ncbddd/hearingloss/2013-data/2013_EI_Summary_Web-E.pdf
https://www.cdc.gov/ncbddd/hearingloss/2013-data/2013_EI_Summary_Web-E.pdf
https://www.cdc.gov/ncbddd/hearingloss/2013-data/2013_EI_Summary_Web-E.pdf
https://www.cdc.gov/ncbddd/hearingloss/2017-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2017-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2017-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2016-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2016-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2016-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2015-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2015-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2015-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2018-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2018-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2018-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2019-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2019-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2019-data/11-no-early-Intervention-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2019-data/05-no-screen-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2019-data/05-no-screen-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2019-data/08-no-diagnosis-reasons.html
https://www.cdc.gov/ncbddd/hearingloss/2019-data/08-no-diagnosis-reasons.html
https://doi.org/10.1044/2018_AJA-IMIA3-18-0012
https://doi.org/10.1044/2018_AJA-IMIA3-18-0012
https://www.birth23.org/wp-content/uploads/Families/System-of-Payments.pdf
https://www.birth23.org/wp-content/uploads/Families/System-of-Payments.pdf
https://doi.org/10.1044/2015_JSLHR-H-15-0120
https://doi.org/10.1055/s-0041-1731694
https://doi.org/10.1055/s-0041-1731694
https://doi.org/10.1177/0009922819848080
https://doi.org/10.1177/0009922819848080
https://doi.org/10.1080/14635240.2018.1549959
https://doi.org/10.1080/14635240.2018.1549959
https://doi.org/10.1007/s11121-018-0897-2
https://doi.org/10.1007/s11121-018-0897-2
https://doi.org/10.26077/6t2b-rx63
https://doi.org/10.26077/6t2b-rx63
https://doi.org/10.1007/s10995-017-2287-y
https://www.audiologyonline.com/articles/white-paper-addressing-societal-costs-6832-6832
https://www.audiologyonline.com/articles/white-paper-addressing-societal-costs-6832-6832
https://doi.org/10.1044/2016_AJA-15-0059
https://doi.org/10.1542/peds.2015-4301
https://doi.org/10.1542/peds.2015-4301


Individuals with Disabilities Education Act, 20 USC. § 1400. 
(2004). 

Joint Committee on Infant Hearing. (2019). Year 2019 position 
statement: Principles and guidelines for early hearing detection 
and intervention programs. Journal of Early Hearing Detection 
and Intervention, 4(2), 1–44. https://doi.org/10.15142/fptk-b748 

Kanji, A., & Krabbenhoft, K. (2018). Audiological follow-up in a 
risk-based newborn hearing screening programme: An explor-
atory study of the influencing factors. South African Journal 
of Communication Disorders, 65(1), a587–594. https://doi.org/ 
10.4102/sajcd.v65i1.587 

Khoramabadi, M., Dolatian, M., Hajian, S., Zamanian, M., 
Taheripanah, R., Sheikhan, Z., Mahmoodi, Z., & Seyedi-
Modhadam, A. (2016), Effects of education based on health 
belief model on dietary behaviors of Iranian pregnant women. 
Global Journal of Health Science, 8(2), 230–239. https://doi. 
org/10.5539/gjhs.v8n2p230 

Khoza-Shangase, K. (2019). Early hearing detection and interven-
tion in South Africa: Exploring factors compromising service 
delivery as expressed by caregivers. International Journal of 
Pediatric Otorhinolaryngology, 118, 73–78. https://doi.org/10. 
1016/j.ijporl.2018.12.021 

Krishnan, L. A., Van Hyfte, S., & Richards, K. A. R. (2019). 
Newborn hearing screening: Early education = more satisfied 
mothers. American Journal of Audiology, 28(3), 617–627. 
https://doi.org/10.1044/2019_AJA-19-0007 

Kurtzer-White, E., & Luterman, D. (2003). Families and children 
with hearing loss: Grief and coping. Mental Retardation and 
Developmental Disabilities Research Reviews, 9(4), 232–235. 
https://doi.org/10.1002/mrdd.10085 

Larsen, R., Muñoz, K., DesGeorges, J., Nelson, L., & Kennedy, 
S. (2012). Early hearing detection and intervention: Parent 
experiences with the diagnostic hearing assessment. American 
Journal of Audiology, 21(1), 91–99. https://doi.org/10.1044/ 
1059-0889(2012/11-0016) 

LeClair, K. L., & Saunders, J. E. (2019). Meeting the educational 
needs of children with hearing loss. Bulletin of the World 
Health Organization, 97(10), 722–724. https://doi.org/10.2471/ 
BLT.18.227561 

Litt, J. S., & Perrin, J. M. (2014). Influence of clinical and socio-
demographic characteristics on early intervention enrollment 
after NICU discharge. Journal of Early Intervention, 36(1), 
37–48. https://doi.org/10.1177/1053815114555575 

Little, A. A., Kamholz, K., Corwin, B. K., Barrero-Castillero, A., 
& Wang, J. (2014). Understanding barriers to early interven-
tion services for preterm infants: Lessons from two states. 
Academic Pediatrics, 15(4), 430–438. https://doi.org/10.1016/j. 
acap.2014.12.006 

Liu, C., Farrell, J., MacNeil, R., Stone, S., & Barfield, W. 
(2008). Evaluating loss to follow-up in newborn hearing 
screening in Massachusetts. Pediatrics, 121(2), e335–343. 
https://doi.org/10.1542/peds.2006-3540 

Liu, Y., Yao, J., Liu, X., Luo, B., & Zhao, X. (2018). A randomized 
interventional study to promote milk secretion during 
mother-baby separation based on the health belief model. 
Medicine, 97(42), Article e12921. https://doi.org/10.1097/MD. 
0000000000012921 

McPherson, S., Reese, C., & Wendler, M. C. (2018). Methodol-
ogy update: Delphi studies. Nursing Research, 67(5), 404–410. 
https://doi.org/10.1097/NNR.0000000000000297 

Meibos, A., Muñoz, K., & Twohig, M. (2019). Counseling compe-
tencies in audiology: A modified Delphi study. American 
Journal of Audiology, 28(2), 285–299. https://doi.org/10.1044/ 
2018_AJA-18-0141, 285 

Nickbakht, M., Meyer, C., Beswick, R., & Scarinci, N. (2022). Mini-
mum data set for families of children with hearing loss: An 
eDelphi study. Journal of Speech, Language, and Hearing 
Research, 65(4), 1615–1629. https://doi.org/10.1044/2021_JSLHR-
21-00356 

Nickbakht, M., Meyes, C., Scarinci, N., & Beswick, R. (2019). A 
qualitative investigation of families’ needs in the transition to 
early intervention after diagnosis of hearing loss. Child Care 
and Health Development, 45(5), 670–680. https://doi.org/10. 
1111/cch.12697 

Okoli, C., & Pawlowski, S. D. (2004). The Delphi method as a 
research tool: An example, design considerations and applica-
tions. Information and Management, 42(1), 15–29. https://doi. 
org/10.1016/j.im.2003.11.002 

Pendersen, H. F., & Olthoff, J. (2019). Listen to us: Dad-
endorsed strategies for EHDI professionals. Journal of Early 
Hearing Detection and Intervention, 4(1), 62–72. https://doi. 
org/10.26077/19hq-4048 

Razak, A., Fard, D., Hubbell R., Cohen, M., Hartman-Joshi, K., 
& Levi, J. R. (2020). Loss to follow-up after newborn hearing 
screening: Analysis of risk factors at a Massachusetts urban 
safety-net hospital. Ear and Hearing, 42(1), 173–179. https:// 
doi.org/10.1097/AUD.0000000000000915 

Saunders, G. H., Fredrick, M. T., Silverman, S., & Papesh, M. 
(2012). Application of the health belief model: Development 
of the hearing beliefs questionnaire (HBQ) and its associa-
tions with hearing health behaviors. International Journal of 
Audiology, 52(8), 558–567. https://doi.org/10.3109/14992027. 
2013.791030 

Sax, L., Razak, A., Shetty, K., Cohen, M., & Levi, J. (2019). 
Readability of online patient education materials for parents 
after a failed newborn hearing screen. International Journal of 
Pediatric Otorhinolaryngology, 125, 168–174. https://doi.org/ 
10.1016/j.ijporl.2019.07.009 

Scheepers, L. J., Swanepoel, D. E., & le Roux, T. (2014). Why 
parents refuse newborn hearing screening and default on 
follow-up rescreening – A South African perspective. Interna-
tional Journal of Pediatric Otorhinolaryngology, 78(4), 652– 
658. https://doi.org/10.1016/j.ijporl.2014.01.026 

Skulmoski, G. J., Hartman, F. T., & Krahn, J. (2007). 
The Delphi method for graduate research. Journal of Infor-
mation Technology Education, 6, 001–21. https://doi.org/10. 
28945/199 

Steuerwald, W., Windmill, I., Scott, M., Evans, T., & Kramer, K. 
(2018). Stories from the webcams: Cincinnati Children’s Hos-
pital Medical Center audiology telehealth and pediatric audi-
tory device services. American Journal of Audiology, 27(3S), 
391–402. https://doi.org/10.1044/2018_AJA-IMIA3-18-0010 

Tran, T., Wang, Y., Smith, M. J., Sharp, B., Iberta, T., Webb, 
J., & Berry, S. (2016). Time trend factors associated with late 
enrollment in early intervention among children with perma-
nent hearing loss in Louisiana 2008-2013. Journal of Early 
Hearing Detection and Intervention, 1(2), 17–22. https://doi. 
org/10.15142/T3T015 

Twardzik, E., Cotton-Negron, C., & MacDonald, M. (2017). Fac-
tors related to early intervention Part C enrollment: A system-
atic review. Disability and Health Journal, 10, 467–474. 
https://doi.org/10.1016/j.dhjo.2017.01.0091936-6574 

U.S. Department of Health and Human Services. (n.d.-a). Eco-
nomic stability. Retrieved July 2, 2023, from https://health.gov/ 
healthypeople/objectives-and-data/browse-objectives/economic-
stability 

U.S. Department of Health and Human Services. (n.d.-b). Educa-
tion access and quality. Retrieved July 2, 2023, from https://

Woodruff-Gautherin & Cienkowski: Modeling Lost to Intervention 557

https://doi.org/10.15142/fptk-b748
https://doi.org/10.4102/sajcd.v65i1.587
https://doi.org/10.4102/sajcd.v65i1.587
https://doi.org/10.5539/gjhs.v8n2p230
https://doi.org/10.5539/gjhs.v8n2p230
https://doi.org/10.1016/j.ijporl.2018.12.021
https://doi.org/10.1016/j.ijporl.2018.12.021
https://doi.org/10.1044/2019_AJA-19-0007
https://doi.org/10.1002/mrdd.10085
https://doi.org/10.1044/1059-0889(2012/11-0016)
https://doi.org/10.1044/1059-0889(2012/11-0016)
https://doi.org/10.2471/BLT.18.227561
https://doi.org/10.2471/BLT.18.227561
https://doi.org/10.1177/1053815114555575
https://doi.org/10.1016/j.acap.2014.12.006
https://doi.org/10.1016/j.acap.2014.12.006
https://doi.org/10.1542/peds.2006-3540
https://doi.org/10.1097/MD.0000000000012921
https://doi.org/10.1097/MD.0000000000012921
https://doi.org/10.1097/NNR.0000000000000297
https://doi.org/10.1044/2018_AJA-18-0141
https://doi.org/10.1044/2018_AJA-18-0141
https://doi.org/10.1044/2021_JSLHR-21-00356
https://doi.org/10.1044/2021_JSLHR-21-00356
https://doi.org/10.1111/cch.12697
https://doi.org/10.1111/cch.12697
https://doi.org/10.1016/j.im.2003.11.002
https://doi.org/10.1016/j.im.2003.11.002
https://doi.org/10.26077/19hq-4048
https://doi.org/10.26077/19hq-4048
https://doi.org/10.1097/AUD.0000000000000915
https://doi.org/10.1097/AUD.0000000000000915
https://doi.org/10.3109/14992027.2013.791030
https://doi.org/10.3109/14992027.2013.791030
https://doi.org/10.1016/j.ijporl.2019.07.009
https://doi.org/10.1016/j.ijporl.2019.07.009
https://doi.org/10.1016/j.ijporl.2014.01.026
https://doi.org/10.28945/199
https://doi.org/10.28945/199
https://doi.org/10.1044/2018_AJA-IMIA3-18-0010
https://doi.org/10.15142/T3T015
https://doi.org/10.15142/T3T015
https://doi.org/10.1016/j.dhjo.2017.01.0091936-6574
https://health.gov/healthypeople/objectives-and-data/browse-objectives/economic-stability
https://health.gov/healthypeople/objectives-and-data/browse-objectives/economic-stability
https://health.gov/healthypeople/objectives-and-data/browse-objectives/economic-stability
https://health.gov/healthypeople/objectives-and-data/browse-objectives/education-access-and-quality


• • •

health.gov/healthypeople/objectives-and-data/browse-objectives/ 
education-access-and-quality 

U.S. Department of Health and Human Services. (n.d.-c). Health 
care access and quality. Retrieved July 2, 2023, from https:// 
health.gov/healthypeople/objectives-and-data/browse-objectives/ 
health-care-access-and-quality 

U.S. Department of Health and Human Services. (n.d.-d). Neighbor-
hood and built environment. Retrieved July 2, 2023, from https:// 
health.gov/healthypeople/objectives-and-data/browse-objectives/ 
neighborhood-and-built-environment 

U.S. Department of Health and Human Services. (n.d.-e). Social 
and community context. Retrieved July 2, 2023, from https:// 
health.gov/healthypeople/objectives-and-data/browse-objectives/ 
social-and-community-context 

U.S. Department of Health and Human Services. (n.d.-f). Social 
determinants of health. Retrieved July 2, 2023, from https:// 
health.gov/healthypeople/priority-areas/social-determinants-health 

van der Spuy, T., & Pottas, L. (2009). Infant hearing loss in 
South Africa: Age of intervention and parental needs for sup-
port. International Journal of Audiology, 47(Suppl. 1), S30– 
S35. https://doi.org/10.1080/14992020802286210 

Windmill, I. M., & Freeman, B. A. (2013). Demand for audiology 
services: 30-yr projections and impact on academic programs. 
Journal of the American Academy of Audiology, 24(5), 407– 
416. https://doi.org/10.3766/jaaa.24.5.7 

World Health Organization. (2021). Deafness and hearing loss. 
https://www.who.int/news-room/fact-sheets/detail/deafness-and-
hearing-loss 

Woodruff, T. A., & Cienkowski, K. M. (2021). Readability of 
online hearing-based early intervention materials. Journal of 

Early Hearing Detection and Intervention, 6(2), 39–44. https:// 
doi.org/10.26077/2c6d-c243 

Woodruff, T. A., & Cienkowski, K. M. (2023a). State-level vari-
ability in Part C early intervention hearing-related eligibility 
[Manuscript submitted for publication]. 

Woodruff, T. A., & Cienkowski, K. M. (2023b). Swaddling Ear to 
Ear: Addressing lost to intervention with public health concepts 
[Manuscript in preparation]. 

Xue, L., Le Bot, G., Van Petegem, W., & van Wieringen, A. 
(2017). Defining interdisciplinary competencies for audiologi-
cal rehabilitation: Findings from a modified Delphi study. 
International Journal of Audiology, 57(2), 81–90. https://doi. 
org/10.1080/14992027.2017.1406156. 

Yarbrough, D. V., Watts, K., Miller, D., & Murdock, S. (2018). 
Engaging parents in system design to reduce lost to follow-up. 
The Journal of Early Hearing Detection and Intervention, 3(2), 
8–13. https://doi.org/10.26077/0w25-2p89 

Yoshinaga-Itano, C. (1999). Benefits of early intervention for chil-
dren with hearing loss. Otolaryngologic Clinics of North 
America, 32(6), 1089–1102. https://doi.org/10.1016/S0030-
6665(05)70196-1 

Yoshinaga-Itano, C. (2003). From screening to early identification 
and intervention: Discovering predictors to successful out-
comes for children with significant hearing loss. Journal of 
Deaf Studies and Deaf Education, 8(1), 11–30. https://doi.org/ 
10.1093/deafed/8.1.11 

Yoshinaga-Itano, C. (2013). Principles and guidelines for early 
intervention after confirmation that a child is deaf or hard of 
hearing. Journal of Deaf Studies and Deaf Education, 19(2), 
143–175. https://doi.org/10.1093/deafed/ent043

558 American Journal of Audiology Vol. 32 543–559 September 2023

https://health.gov/healthypeople/objectives-and-data/browse-objectives/education-access-and-quality
https://health.gov/healthypeople/objectives-and-data/browse-objectives/education-access-and-quality
https://health.gov/healthypeople/objectives-and-data/browse-objectives/health-care-access-and-quality
https://health.gov/healthypeople/objectives-and-data/browse-objectives/health-care-access-and-quality
https://health.gov/healthypeople/objectives-and-data/browse-objectives/health-care-access-and-quality
https://health.gov/healthypeople/objectives-and-data/browse-objectives/neighborhood-and-built-environment
https://health.gov/healthypeople/objectives-and-data/browse-objectives/neighborhood-and-built-environment
https://health.gov/healthypeople/objectives-and-data/browse-objectives/neighborhood-and-built-environment
https://health.gov/healthypeople/objectives-and-data/browse-objectives/social-and-community-context
https://health.gov/healthypeople/objectives-and-data/browse-objectives/social-and-community-context
https://health.gov/healthypeople/objectives-and-data/browse-objectives/social-and-community-context
https://health.gov/healthypeople/priority-areas/social-determinants-health
https://health.gov/healthypeople/priority-areas/social-determinants-health
https://doi.org/10.1080/14992020802286210
https://doi.org/10.3766/jaaa.24.5.7
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://doi.org/10.26077/2c6d-c243
https://doi.org/10.26077/2c6d-c243
https://doi.org/10.1080/14992027.2017.1406156
https://doi.org/10.1080/14992027.2017.1406156
https://doi.org/10.26077/0w25-2p89
https://doi.org/10.1016/S0030-6665(05)70196-1
https://doi.org/10.1016/S0030-6665(05)70196-1
https://doi.org/10.1093/deafed/8.1.11
https://doi.org/10.1093/deafed/8.1.11
https://doi.org/10.1093/deafed/ent043


Appendix 

Model Shown in Phase Two

Woodruff-Gautherin & Cienkowski: Modeling Lost to Intervention 559



Copyright of American Journal of Audiology is the property of American Speech-Language-
Hearing Association and its content may not be copied or emailed to multiple sites or posted
to a listserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.


