








Videoconferencing equipment is used
so that a specially trained early-
intervention specialist can work with
the child and teach the parent how to
deliver effective early-intervention ser-
vices in between these virtual home
visits. Participating families live all
over Australia (an area roughly the
size of the continental United States
but with less than one-tenth as many
inhabitants). Videoconferencing ses-
sions are typically held 1 hour/week or
2 half-hours/week depending on the
family’s schedule and the child’s
needs.

Videoconferencing equipment is set up
in the family’s home so that the child
and caregiver can view the specialist
in real time on a television screen or
computer monitor (and vice versa). An
example of this setup is shown in Fig 2.
Materials necessary for the instruc-
tion are sent to the families via the
postal service or over the Internet. Ex-
amples include educational resources
such as books, toys and puzzles, les-
son plans that outline specific goals
for the child, information sheets
about hearing and vision loss, and
regular progress reports.

Before beginning the RIDBC Teleschool
program, families are strongly encour-
aged to schedule a visit to the RIDBC
central campus in Sydney. Financial
assistance for travel expenses and

free on-site accommodation are pro-
vided to families to make it easier to
complete this visit. Families are able to
access a wide range of services during
this initial visit:

● diagnostic assessment of the child’s
developmental status;

● meeting with the specialist who will
be providing the RIDBC Teleschool
services for their child and partici-
pating in several face-to-face inter-
vention sessions;

● meeting with other professionals
who will assist with their child’s ed-
ucational program, including audi-
ologists, speech-language path-
ologists, occupational therapists,
psychologists, etc;

● learning about and using educa-
tional resources from the RIDBC li-
brary; and

● participating in a practice videocon-
ference session so that they can ex-
perience and discuss the differ-
ences between face-to-face and
videoconference sessions.

Typically, videoconferencing equip-
ment is placed in the family’s home to
reduce travel time, allow flexibility in
scheduling, and provide the opportu-
nity for other family members to par-
ticipate in the weekly sessions. In-
home videoconferencing also allows
RIDBC Teleschool staff to observe activ-

ities in the home and teach parents
how to enhance their child’s natural
learning environment by encouraging
interactions with the people and re-
sources to which they have access.
Weekly videoconferencing sessions en-
able the specialist to observe the fam-
ily’s interactions with the child, moni-
tor the child’s progress, and offer
suggestions for further expanding the
child’s skills.

A typical videoconference includes:

● parent feedback on previous
activities;

● specialist modeling of new activities
and skills;

● specialist coaching of the parent
during parent/child interactions;

● review of video footage from previ-
ous videoconferences;

● suggestions for generalizing the
goals to the home environment; and

● discussion of test results and re-
ports from other professionals.

Other family members such as grand-
parents or siblings or local profession-
als such as specialists or speech-
language pathologist may also attend
the session. Videoconferencing ses-
sions are also recorded and made
available to families so that they can
review or share previous sessions
with other family members or profes-
sionals. In addition, specialists may
use this video footage to help parents
reflect on their own skills and to better
understand their child’s abilities. Such
sessions help parents improve their
observational skills so that they are
able to watch their child’s responses
and accurately report on the child’s
abilities and progress.

Before each RIDBC Teleschool session,
the specialist sends an educational
package to the family. This package
consists of a lesson plan that outlines
specific goals from the program, a de-
scription of activities for achieving the

FIGURE 2
Early-intervention services being provided via teleschool.
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goals, and relevant resources for com-
pleting the activities such as books,
toys, puzzles, DVDs, and craft material.
Many families also use videoconfer-
encing to access courses in specific
skills that are not available in their lo-
cal area, such as sign language in-
struction. Also, parents are introduced
to other families via videoconference
and are often able to establish support
networks.

Since 2002, RIDBC Teleschool services
have been provided to more than 170
families. Although a comprehensive
evaluation of the children’s develop-
mental outcomes and the cost-
effectiveness of the service has not
been performed, participants have re-
ported that teleintervention has pro-
vided an effective method of delivering
a personal, immediate, and specialized
service to themand their child. Accord-
ing to Dally and Conway (K. Dally and R.
Conway, Invest to Grow Local Evalua-
tion Report for RIDBC Remote Early
Learning Program, unpublished report
from the University of Newcastle, Cal-
laghan, Australia, 2008), families value
the immediacy of teleintervention ser-
vices, which are less susceptible to
waiting lists, travel arrangements, and
unforeseen obstacles such as weather
or illness. Participants also reported
better satisfaction with teleinterven-
tion services comparedwith telephone
and correspondence services, be-
cause the early-intervention specialist
is able to directly observe the parent-
child interactions and provide respon-
sive feedback that can be applied
immediately. Early-intervention pro-
viders in the teleschool program have
also noted that parents seem to ac-
quire skills more rapidly than in a tra-
ditional face-to-face model. In a face-
to-face session, the early-intervention
specialist may regard the child as the
primary participant and engage more
often in modeling activities and strate-
gies directly with the child and involv-

ing the parents only occasionally. In a
teleintervention setting, the roles shift
because the early-intervention special-
ist has limited physical access to the
child andmust now regard the parents
as the primary participants. This shift
seems to change the focus of the ses-
sion from teaching the child to coach-
ing the parent(s) in implementing ap-
propriate educational activities with
their child.

In addition, feelings of isolation and
anxiety are often quite strong for fam-
ilies who live in remote areas. Partici-
pants have reported that teleschool
offers emotional support and reassur-
ance by providing a weekly face-to-
face contact with a specialist who
can provide information and guid-
ance about how to enhance their
child’s development.

Anecdotal evidence has also sug-
gested increased participation by fa-
thers and other family members as
well as fewer cancellations by families.
This increased level of engagement is
probably attributable to greater ease
of attendance and flexibility of sched-
uling. Teleschool sessions are offered
from 8 AM to 8 PM and on Saturday
mornings. Furthermore, the effort of
bringing a child to a center-based ac-
tivity or of hosting early-intervention
staff in their own homes is often a
cause for city-based families to cancel
scheduled visits. For remote families,
the in-home videoconferencing ap-
proach seems to reduce both the ef-
fort and the cost of accessing appro-
priate services.

DISCUSSION

Evidence about the cost-effectiveness
of using teleintervention to provide
services to children who are DHH is
similar to the conclusions regarding
telemedicine made in 2004 by Hailey
et al,34 who noted that “good-quality
studies are still scarce.” Because of
critical needs for services and the

shortage of trained and qualified pro-
viders, it is easy to assume that tele-
intervention services are as good as
face-to-face services and can be deliv-
ered at lower cost. The feasibility of
using 2-way real-time videoconferenc-
ing to deliver the types of services
needed by infants and young children
who are DHH has been demonstrated a
number of times,28–33 including in
large-scale implementations such as
the RIDBC Teleschool program in Aus-
tralia (K. Dally and R. Conway, Invest to
Grow Local Evaluation Report for RIDBC
Remote Early Learning Program, un-
published report from the University of
Newcastle, Callaghan, Australia, 2008).
Nonetheless, we do not yet have good
evidence that the outcomes for chil-
dren or the costs of delivery are com-
parable to those with face-to-face
services.

As telemedicine was first gaining pop-
ularity, Hersh et al35 made an observa-
tion that should be kept in mind as
the use of teleintervention to serve
DHH children and their families is
considered:

“Despite the widespread use of tele-
medicine in virtually all areas of health
care delivery, there is only a small
amount of evidence that interventions
provided by telemedicine result in clini-
cal outcomes that are comparable to or
better than face-to-face care. . . . Large-
scale RCTs [randomized, controlled tri-
als] must be done to identify the health
outcomes whose benefit appears most
promising. If the goal is to show compa-
rability to usual care, then studies must
provide adequate statistical power to
show that the lack of a difference truly
exists.”

What is needed are randomized com-
parisons of teleintervention services
and face-to-face services for relatively
large numbers of infants and young
children who are DHH. To have ade-
quate statistical power, such studies
should include at least 100 children in
each group and at least 2 years of ser-
vice so that longitudinal data about the
children’s language, cognitive, social,
and functional development can be col-
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lected. Data collection should be per-
formed by people who do not have a
vested interest in the outcome of the
study (and preferably would not even
know that the children are participat-
ing in a randomized, controlled trial).
To control for the effects of teacher ex-
perience and skill, it would be best if all
teachers participating in the study
provided early-intervention services to
an equal number of children in both
the teleintervention and the face-to-
face conditions.

In addition to collecting data about
children’s outcomes, the study should
examine the actual costs of delivering
both types of services, including equip-
ment, materials, staff time, travel, and
administrative support. Such an anal-
ysis should also include information
about parent time and opportunity
costs as well as the impact of each
kind of service on parent employment
and access to health care and other
social services. Economic-analysis
techniques such as discounting, sensi-

tivity analyses, amortization of costs
over time, and alternative cost alloca-
tions should be included in the cost-
effectiveness analyses.

Parent and staff satisfaction with the
program should be assessed, as
should the scalability of the teleinter-
vention program. In addition, effects of
the program on other parts of the sys-
tem should be considered. For exam-
ple, does the use of teleintervention
improve or hinder the family’s rela-
tionship with other providers and/or
families, and does it lead to greater or
less understanding of what other ser-
vices are available for their child?

CONCLUSIONS

Using 2-way videoconferencing to de-
liver services in rural and remote ar-
eas to children who are DHH is a poten-
tial solution to one of the biggest
obstacles to effective services identified
in theUSnational evaluationof newborn-
screening and intervention programs
described elsewhere in this supplemen-
tal issue36: the severe shortage of appro-

priately trained teachers and clinicians
in many parts of the country. However,
although thepotential benefitsaregreat,
much more systematic data are needed
to determine the costs and effects of
such services compared with face-to-
face services for DHH infants and young
children and their families. The US could
consider introduction of a pilot program
to test the feasibility of the teleinterven-
tion approach for this population. The
United States could also be an ideal site
at which to carry out a randomized, con-
trolled trial of teleintervention versus
traditional face-to-face services.
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Improving Follow-up to Newborn Hearing Screening: A
Learning-Collaborative Experience

abstract
Although�95% of US newborns are now screened for hearing loss at
birth, more than half of those who do not pass the screen lack a
documented diagnosis. In an effort to improve the quality of the
follow-up process, teams from 8 states participated in a breakthrough-
series learning collaborative. Teams were trained in the Model for
Improvement, a quality-improvement approach that entails setting
clear aims, tracking results, identifying proven or promising change
strategies, and the use of small-scale, rapid-cycle plan-do-study-act
tests of these changes. Parents acted as equal partners with profes-
sionals in guiding system improvement. Teams identified promising
change strategies including ensuring the correct identification of the
primary care provider before discharge from the birthing hospital;
obtaining a second contact number for each family before discharge;
“scripting” the message given to families when an infant does not pass
the initial screening test; and using a “roadmap for families” as a joint
communication tool between parents and professionals to demon-
strate each family’s location on the “diagnostic journey.” A learning-
collaborative approach to quality improvement can be applied at a
state-system level. Participants reported that the collaborative experi-
ence allowed them to move beyond a focus on improving their own
service to improving connections between services and viewing them-
selves as part of a larger system of care. Ongoing quality-improvement
efforts will require refinement of measures used to assess improve-
ment, development of valid indicators of system performance, and an
active role for families at all levels of system improvement. Pediatrics
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Screening newborns for hearing loss
is now a standard of care across the
United States. All states have estab-
lished Early Hearing Detection and In-
tervention (EHDI) programs, and 43
states have enacted legislation related
to hearing screening.1,2 The US Preven-
tive Services Task Force has endorsed
universal newborn hearing screen-
ing,3 and the Joint Committee on Infant
Hearing has set national targets for
EHDI system performance: screening
of all infants by 1 month of age; diag-
nostic testing of infants who do not
pass screening before 3 months of
age; and entry into early intervention
for children who are deaf or hard-of-
hearing as soon as possible, but no
later than 6 months of age.4 Approxi-
mately 95% of the infants born in the
United States are now screened for
hearing loss at birth. Of these, �2%
(76 000) have a positive screening test
that requires follow-up (either re-
screening or diagnostic audiologic
evaluation) to determine if they have
permanent hearing loss.2 National
data for 2007 suggest that nearly half
of these infants have “no documented
diagnosis,” the majority of whom are
classed as “lost to follow-up” or “lost
to documentation.” Of those infants
found to have a permanent hearing loss,
just more than one-third were not docu-
mented to receive early-intervention ser-
vices.5 There is understandable concern
that these high attrition rates will limit
the effectiveness of the EHDI program.

Although the EHDI process itself seems
conceptually straightforward (screen-
ing, diagnostic testing, and referral for
early intervention), the “system of
care” for infants and young children in
which the program operates is sur-
prisingly complex. The initial screen is
usually performed in a hospital during
the birth admission; rescreening is
frequently performed after discharge,
necessitating either a return to the
birthing hospital or referral to another

facility. Because experienced pediatric
audiologists needed to perform diag-
nostic testing are in short supply, fam-
ilies, especially those in rural areas,
frequently need to travel long dis-
tances to access definitive audiologic
testing, which often requires several
sessions.6 Children identified with per-
manent losses are referred to an oto-
rhinolaryngologist for “medical clear-
ance” before amplification and for
etiology investigations. Hearing-aid fit-
ting by a pediatric audiologist often in-
volves an appointment at yet another
facility. Accessing intervention ser-
vices involves a transition from health
to education systems and often in-
volves audiologists, the child’s pedia-
trician, teachers of the deaf, speech
therapists, and early childhood educa-
tors. It is not surprising thatmany fam-
ilies experience significant challenges
to navigating this complex system.

Althoughmost pediatricians believe that
they have primary responsibility for
follow-up planning for children who do
not pass their hearing screens, they fre-
quently do not have the access they need
toscreening-test resultsor to the results
of any subsequent diagnostic audiologic
evaluations.7 Primary care providers
(PCPs) also lack information about local
services needed to guide parents to ap-
propriate family-centered interventions.8

Fewer than half have reported that they
actually coordinate care for these in-
fants,9 although care coordination is a
core component of the medical home.

In response to these issues, the Health
Resources and Services Administration
Maternal andChildHealthBureau,which
oversees EHDI program implementation,
and the National Center for Hearing As-
sessment and Management collabo-
rated with the National Initiative for Chil-
dren’s Healthcare Quality (NICHQ) to use
a quality-improvement (QI) approach to
reduce loss to follow-up after newborn
hearing screening. QI activities are in-
tended to close the gap between desired

processes and outcomes of care and
what is actually delivered.10,11 To date,
most child health QI initiatives have fo-
cused on improving care in groups of
practices12 or hospitals.13 However, the
learning-collaborative approach has
been applied successfully to public
health issues such as emergency pre-
paredness.14 Our initiative focused on
statewide systems of care for children
with hearing loss, including care deliv-
ered in newborn nurseries, NICUs, pedi-
atric practices, audiology practices, and
early-intervention programs. In addition
to improving the services within individ-
ual programs, which is the typical focus
of QI initiatives, this effort emphasized
improving links and connections be-
tween services both within the health
sector and between health and educa-
tion sectors. Consequently, each team
that participated in this collaborative
had broad representation from multi-
ple disciplines and service-delivery sites.
In this article we describe how the prin-
ciples and activities contained in the
Model for Improvement,15 the Break-
through Series,16 and the caremodel for
child health17 were used to implement a
successful learning collaborative to im-
prove the EHDI systems in 8 states.

THE EHDI LEARNING
COLLABORATIVE

In a learning collaborative, teams
from different organizations and
geographic areas work together to-
ward an agreed set of goals, track and
report common improvement mea-
sures over time, and learn together
how to improve care by sharing strat-
egies for change and their experiences
with trialing those strategies (Fig 1).
Teams used the Model for Improve-
ment15 as the specific approach to
making changes. The Model for Im-
provement (Fig 2) incorporates 4 key
elements: (1) setting specific, measur-
able aims; (2) tracking measures of
improvement over time; (3) identifying
key changes that result in desired im-
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provement; and (4) using continuous,
rapid-cycle tests of change (called
plan-do-study-act [PDSA] cycles).

For this collaborative, 8 teamswere re-
cruited from statewide EHDI systems.
Each state agreed to form a team to
address the goals of the collaborative.
Teams had to commit to sending at
least 4 to 6 members to each learning
session, whereas a larger team
worked on the local QI effort. The core
team for each state that attended
learning sessions usually included a
senior leader from the state’s Title V
program, a pediatrician, a “day-to-day”
team leader (usually the state’s EHDI
coordinator), a data coordinator, and

a parent. The larger extended state
team included representatives from
other components of the EHDI system
including hospital screeners, PCPs, audi-
ologists, specialty providers such as ear,
nose, and throat (ENT), genetics, and
child development specialists, payers,
and early-intervention providers.

Each state team agreed to carry out
“prework” including the collection of
baseline data, participation in local plan-
ning for the collaborative activities, and
development of a written state-specific
aimstatement. Each teamalso agreed to
attend 3 learning sessions (2 face-to-
face and 1 virtual) separated by “action
periods,” during which teams applied
what they had learned to conducting lo-
cal PDSA cycles to test the effects of
“small changes” on the functioning of
their EHDI systems. Teamsalsoagreed to
provide monthly reports on their
progress. The collaborative was con-
ducted over a 15-month period from
April 2006 to July 2007. At each 2-day
learning session, teams heard presenta-
tions from content experts and partici-
pated in team planning sessions with
NICHQ improvement advisors and expert
faculty. During the action periods be-
tween learning sessions,�6 months in
length, monthly conference calls en-
abled teams to receive feedback from
each other and from faculty on the
progress of their improvement efforts.

Every month, teams reported data on
core performance measures together
with descriptions of their PDSA cycles
through a Web-based “extranet” track-
ingsystem. Faculty evaluated thereports
and advised teams on how to identify
promising change strategies and how to
plan for implementation and spread of
successful improvements.

QI APPROACH TO EHDI SYSTEMS
IMPROVEMENT

Before members of the collaborative
met for the first time, the NICHQ con-
vened an expert panel of nationally
recognized EHDI leaders (including
parents) to identify activities with a
high likelihood of improving EHDHI
systems. This effort included the de-
velopment of process and outcome
measures that were consistent with
recommendations from the Joint Com-
mittee on Infant Hearing.18 The panel
focused particularly on activities that
were likely to lead to failure-free oper-
ation over time.19–21 The team also in-
corporated aspects of the Nelson et
al22 “clinical microsystems model,”
which focuses on the frontline clinical
interface relationship that connects
clinical teams with the needs of indi-
vidual families and encourages identi-
fying key steps in the care process.

The panel divided the EHDI process into
6 phases of care (shown in Table 1)
and developed “change strategies”
(suggestions for change in practice
that were likely to lead to improvement
in quality) for each of these phases.
The panel also identified “infrastruc-
ture” changes that could be evaluated
as to the degree that they would affect
all of the phases of care. The results of
the expert panel’s work were summa-
rized in a “change package” that would
guide participating teams and enable
them to achieve breakthrough changes
in their settings. The change pack-
age comprised 3 elements: the con-
ceptual framework (in this case, the
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FIGURE 1
Breakthrough-series learning-collaborative model. (Reproduced with permission from Institute for
Healthcare Improvement. The Breakthrough Series: IHI’s Collaborative Model for Achieving Break-
through Improvement. IHI Innovation Series White Paper. Boston: Institute for Healthcare Improve-
ment; 2003:5.)

FIGURE 2
Model for Improvement: PDSA cycles. (Repro-
duced with permission from Langley G, Nolan
K, Norman C, et al. The Improvement Guide: A
Practical Approach to Enhancing Organiza-
tional Performance. New York, NY: Jossey-
Bass; 1996:10.)
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chronology of care described above, in-
cluding features of an ideal system); the
suggested change strategies; and a set
of measures to enable teams to track
progress toward their goals.

Consistent with a medical home ap-
proach to care delivery that was acces-
sible, continuous, coordinated, family-
centered, and of high quality,23 the
change package included suggestions
to (1) partner with parents in making
improvements that families will value,
(2) strengthen relationships between
providers and encourage them to view
themselves as part of a care contin-
uum rather than as stand-alone enti-
ties, (3) focus on transitions as key

components of care where system fail-
ures are likely to occur, (4) enhance
communication and transparency
across the care-delivery system, (5)
reinforce the broader concept of the
medical home, and (6) ensure that
practice teams are proactive and pre-
pared for all health encounters.

STATE TEAM EXPERIENCES WITH
APPLYING QI TO THE EHDI SYSTEM

Participating teams reviewed the
change package, selected specific
change strategies to test in their area,
and created additional change strate-
gies. The teams testedmost changes in
the screening and early-diagnostic

phases. Guided by training in the QI ap-
proach at the learning sessions, teams
developed locally applicable PDSA cy-
cles based on the change strategies
and tested their impact through re-
peated data collection. Tests of change
were initially performed on a small
scale (eg, 2–3 cases) and results mon-
itored. Refinements to the change
strategies were made through multi-
ple small-scale, rapid-cycle PDSAs.
Teams also reported monthly on a se-
ries of EHDI system process measures
and were encouraged to review 20
cases per measure. The following ex-
amples illustrate QI work undertaken
by the state teams.

TABLE 1 EHDI Process Phases and Change Strategies

EHDI Phase Change Strategies

Phase 1: screening (includes initial screening and any
rescreening)

Verify PCP with parents and providers for all infants who do not pass screening
Standardize process for recording screening results in newborn record
Call PCP to inform him or her that the infant has not passed the screening
Identify second point of contact for the family
Perform any rescreening before discharge

Phase 2: refer to audiology and notify medical home
(referral for diagnostic testing and linkage with PCP )

Standardize process for referral to audiologist for those infants who do not pass screening
Schedule audiology appointment within 3 d of not passing the screening
Streamline payment process and scheduling system for newborns who do not pass the
screening
Coordinate with PCP to verify follow-up plan

Phase 3: confirmation of hearing loss (diagnostic testing
and informing PCP of results)

Prepare family and PCP in advance of the diagnostic audiology visit to maximize chances of
an effective evaluation
Use fax-back forms to communicate results and care plan to PCP after referral
Empower families to be full partners in care-planning: use care notebooks for referral
information and educational materials
Schedule 2 appointments for audiologic evaluation 2 wk apart: cancel second appointment if
not needed
Provide “just-in-time” information for PCPs with standardized evidence-based materials

Phase 4: identify etiology (includes referrals to and
appointments with ENT, ophthalmology, genetics, and
sometimes developmental pediatrics, cardiology, and/
or neurology)

Implement fax-back communication to PCP for all referrals
Standardize the process for identifying etiology
Educate the PCP about the medical workup for hearing loss
Reduce waiting time for appointment with specialty providers
Develop a communication tool, modeled after AAP guidelines to engage and empower
families with information about specialty visits

Phase 5: offer treatment/implement amplification
(begins immediately after diagnosis; includes process
of discussing communication options and possible
intervention pathways with families)

Standardize script for discussing amplification options
Identify who is responsible for discussing communication options and developing
communication plan with family
Share communication plan with all members of the care team
Coordinate referral process to minimize authorization delays with insurers

Phase 6: enroll in EI (formal enrollment in an EI
program)

Have PCP play coordinating/communicating role between the EHDI and EI programs
Streamline referral process to EI
Use fax-back form from EI to PCP to verify that enrollment is complete

All phases: state-level infrastructure Customize AAP guidelines for medical providers24 with state resources; distribute to the PCPs
Create educational documents for parents with appropriate reading levels and languages
Create a Web-based resource guide that includes information on services for the deaf and
hard-of-hearing and clinical tools such as letter and fax templates
Measure parent experience with EHDI and use the feedback to guide system improvement
Create and use a registry for infants with hearing loss
Track progress through the EHDI system and provide active outreach at first system failure

EI indicates early intervention; AAP, American Academy of Pediatrics.
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FIGURE 3
Learning About Hearing Loss—A Roadmap for Families.
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Linking EHDI With the Medical
Home

Communication with the pediatrician
is essential if he or she is to be involved
in care coordination in accordance
with the medical home model. The
team wanted to improve the propor-
tion of infants who did not pass the
screen and who had their pediatrician
correctly identified. Failure to cor-
rectly identify the pediatrician at this
important first step would have major
consequences for communication at
later phases of the EHDI process. At
baseline chart review of 10 cases, only
50% of newborns who did not pass
their hearing screen at the birthing
hospital had an identified pediatrician
for follow-up. A series of PDSA cycles
that evaluated small tests of change
revealed that documentation of the pe-
diatrician was best achieved by the
screener directly asking the parent at
the time the infant did not pass the
screen who the infant’s pediatrician
was. In another effort to improve care
coordination, some teams evaluated
collection of a second contact name
and telephone number, in addition to
the mother’s, for infants who were re-
ferred after screening. Again, use of the
screener to collect this information and
document it led to improved second-
contact documentation, which resulted
in improvement in locating families.

These 2 changes also resulted in cost
savings. In 1 state, an average of 20
cases per month were identified as
lost to follow-up at the beginning of the
learning collaborative. After improved
documentation of the pediatrician and
second point of contact, the number
decreased to 5 per month, which
translates into a “savings” of 30 to 50
hours/month in outreach-worker time.
This team’s experience indicated that
relatively simple and inexpensive
changes at the first phase of the EHDI
system improved links with the medi-

cal home and enhanced care coordina-
tion and led to later cost savings.

Promoting Family-Centered Care

Another team wanted to contact fami-
lies when they had a child diagnosed
with hearing loss to ensure that they
were receiving needed services and to
address any concerns. In the existing
system, the Department of Public
Health (DPH) sent a certified letter to
the family and advised them that an
EHDI coordinator would contact them
by telephone. There was no request for
parent response. At baseline, the DPH
had�25 open cases per month state-
wide that needed an average of 2.2
contacts to ensure that the family was
receiving all needed services. These
activities required �13 hours/month
of staff time. This team tested a change
strategy in which the letter was modi-
fied to include a toll-free number for
families to call. Sixty-five percent of the
families called the number, which re-
sulted in�8 hours/month of staff time
saved. This small change acknowl-
edged families as active partners in
care rather than passive recipients.
The new system had advantages for
families in that they could initiate tele-
phone contact at a time that was con-
venient to them.

Information for Parents: A
Roadmap for Families

Parents on state teams identified a
need for better information about the
“pathway” through screening, diagno-
sis, and intervention for children with
hearing loss. Most states had written
information on discrete phases of the
EHDI process, but none had a single
document designed for parents that
spanned the entire route from screen-
ing through intervention. Collaborative
faculty worked with teams to design
“Learning About Hearing Loss—A
Roadmap for Families” (Fig 3). The
roadmap was designed in a format
that is complementary to the American

Academy of Pediatrics guidelines for
medical home providers24 so that the 2
schematics could be used together.
Some teams customized the roadmap
for their state in both English and Span-
ish. Using PDSA cycles, parents reported
on their experience with the roadmap
through focus groups and interviews
and, as a result, made changes in both
the content and the readability level.

Although designed as a handout for par-
ents, the roadmap received positive
feedback when used as a “joint commu-
nication tool” by parents andprofession-
als to demonstrate the family’s location
on the diagnostic journey and to clarify
the sequential steps needed to complete
evaluations. Use of the roadmap in this
manner also revealed that some fami-
lies were not aware of the distinctions
between the many professionals in-
volved in the EHDI system (eg, ENTs, audi-
ologists, and geneticists). This process
helped the state teams to understand
why some families were unaware that
multiple visits to different providers
were needed to complete the assess-
ment process.

Reducing Delays in the Diagnostic
Audiologic Evaluation Process

Participating teams identified a sys-
tem bottleneck in the long delays and
waiting time for diagnostic audiology
appointments. Several teams tested
expedited appointments for infants
within 1 week after discharge, making
2 appointments at the time of dis-
charge, and advance preparation for
the visit to increase the probability of
confirming the diagnosis at the time of
the examination. Although some teams
were able to reduce appointment wait-
ing times by either prioritizing appoint-
ments for screen refers or increasing
staff, none of the teams were able to
sustain an increase in the percentage
of infants with a completed diagnostic
evaluation before 3 months of age.
Teams identified multiple factors that
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contributed to this system failure: a se-
vere shortage of pediatric audiolo-
gists; a need for multiple appoint-
ments to determine hearing status;
referrals to other specialists (eg,
ENTs) during the diagnostic phase; and
a need to schedule a longer appoint-
ment for a sedated auditory brainstem
response evaluation once infants were
3 months of age or older. Future at-
tempts to make improvements in this
area may need to focus on testing re-
finements to the audiology test battery
and to increasing the supply of appro-
priately trained audiologists through
either focused trainings in pediatric
audiology or importing audiologists
from areas where there was little
shortage for per-diem sessions.

Improving Enrollment in Early-
Intervention Programs

Collaborative teams were asked to
measure the percentage of individual
family service plans that were com-
pleted by 6 months of age. Teams re-
ported barriers to obtaining this mea-
sure, principally because of local
interpretations of regulatory require-
ments (the Health Insurance Privacy
and Accountability Act [HIPAA], the Fed-
eral Education Rights and Privacy Act
[FERPA], and Part C privacy regulations
of the Individuals With Disabilities Edu-
cation Act [IDEA Part C]) that seemed
to preclude the sharing of information
between education and health care
services in the absence of written pa-
rental consent. Future QI efforts may
be informed by a recent study of this
problem, which is reported on else-
where in this supplemental issue.25

ASSESSMENT OF THE EHDI
COLLABORATIVE EXPERIENCE

At the conclusion of the collaborative,
faculty reviewed (1) data reported to
the extranet on EHDI process mea-
sures, (2) monthly reports, (3) story-
boards that provided information on
the contexts in which states had con-

ducted their QI activities, (4) results of
an electronic survey of teammembers
on their experience with the collabora-
tive, and (5) individual feedback from
team members and faculty. The as-
sessment included analysis of quanti-
tative and qualitative data and led to
the following lessons learned.

Minimizing Loss to Follow-up After
Newborn Hearing Screening

To monitor the impact of the QI activ-
ities, each team was asked to mea-
sure at baseline (precollaborative)
and monthly thereafter their loss-to-
follow-up rate. The measure itself
proved problematic. First, a precise,
universally accepted definition of loss
to follow-up is lacking, and teams var-
ied in how they “operationalized” the
measure. Although the current na-
tional EHDI reporting system mea-
sures loss to follow-up at 1 year, this
time periodwas too long to be useful in
the collaborative context, so loss to
follow-up at 3 months of age was
adopted as a measure. Second, during
the prework process, several teams
found that cases were being lost to
documentation rather than lost to

follow-up (ie, infants were receiving
needed care and testing, but it was not
being documented). A similar difficulty
with distinguishing true loss to
follow-up from loss to documenta-
tion was recently described national-
ly.26 Teams reported loss-to-follow-up
rates at baseline that were consider-
ably lower than expected, ranging
from 0% to 60% (close to 0% in 4
cases). Several teams also found that
the number of infants per month who
did not pass their screening from the
pilot sites participating in the learn-
ing collaborative was too small for
meaningful trends to be determined.
Only 1 team demonstrated sustained im-
provement in this measure, which was
basedonstatewidedatawithanaverage
of 250 cases per month (Fig 4).

Factors identifiedby the teamascontrib-
uting to the documented improvement
were the adoption of a statewide elec-
tronic data-management system that
provided close-to-real-time case track-
ing, effective and dedicated state-level
leadership, involvement of parent part-
ners in development and distribution of
materials to families, and outreach and
communication with pediatricians.

FIGURE 4
Unable to find cases 3 months after screening for 1 team over the course of the collaborative.
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Promising Changes

The teams identified several additional
promising change strategies that were
tested, implemented, and spread by at
least 1 team. Generally, these changes
were small, well-focused actions that
had a demonstrated positive effect on
some aspect of the EHDI process. Ten
changesmet these criteria (Table 2). Ad-
ditional work is needed to establish
whether these changes produce sus-
tained improvements in the EHDI pro-
cess and whether they can be spread
beyond the initial teams and to link
these changes with validated outcome
measures.

Parent Participation in the
Collaborative

Family involvement in care delivery is
recognized as fundamental to themed-
ical home model.23,27 This involvement
is not limited to the family’s participa-
tion in its own child’s care but includes
family input on practice policies and
procedures. Effective parent participa-
tion ensures that the parents’ unique
viewpoint of “onewhohasbeen there” is
integrated into the team-improvement
process. Family leaders identified sev-
eral factors that contributed to suc-
cessful parent involvement. These
factors included (1) parent represen-
tation at both national faculty and
state team levels (the NICHQ estab-

lished a national parent chair who
worked alongside the clinical chair to
assist and support parent leaders at
the state level, which created a “point
of contact” and a mechanism to en-
sure that parent leaders were actively
engaged on the state teams), (2) iden-
tifying, at the outset, family leaders
who had a “skill set” to make positive
contributions (eg, the ability to share
insights and information about their
experiences in ways from which oth-
ers can learn; access to and basic
knowledge of community and state re-
sources; ability to see beyond personal
experiences and represent the needs
of other families; respect of the per-
spective of others; and the ability to
speak comfortably in a group with can-
dor and work in partnership with oth-
ers), (3) establishing a recommended
scope of involvement for family lead-
ers so that they understand what is
expected of them and so that teams
understand how to utilize family lead-
ers, and (4) providing opportunities
for family leaders to convene with one
another at the learning sessions and
to have parent telephone conferences
throughout the collaborative.

Participant Experiences of the
Learning Collaborative

Parents were enthusiastic about their
participation in the collaborative (Ta-

ble 3) and professionals (Table 4) re-
ported on important insights into EHDI
system performance that resulted
from the QI activities. Several of them
noted that small tests of change made
at proximal points in the care system
could significantly affect the way the
system was able to perform at later
stages (eg, correct identification of the
pediatrician before the infant was dis-
charged from the birth hospital, sensi-
tive, yet accurate sharing of informa-
tion with parents about the need for
follow-up after a child does not pass
screening). Participation in the collab-
orative was also an effective means of
opening dialogue between different
service sectors that have traditionally
operated independently (eg, audiology
and primary care, health and educa-
tion). Working on a common task with
common goals fostered the develop-
ment of personal relationships across
sectors and disciplines, and between
parents and professionals, that facili-
tated progress of the improvement
work. Before the collaborative, profes-
sionals reported concentrating on im-
proving their own service but had little
opportunity to improve the connec-
tions between the services. Parents
perceived a system of “silos,” discon-
nected parts, with inherent barriers
and limited, if any, communication be-
tween sectors. Encouraging all partic-

TABLE 2 Promising Changes

1. Standardize or “script” the message given to the parents when an infant does not pass the initial screening test
2. Standardize the process for collecting additional contact information for infants who do not pass their screening; get a second point of contact for the family
(eg, telephone number of a relative or friend)
3. Verify the identity of the PCP or clinic responsible for follow-up with both the parent and assigned provider at the time the infant is screened before the family
leaves the hospital
4. Schedule a follow-up appointment (rescreening or diagnostic evaluation appointment) at the time that the infant does not pass the screening, before the
family leaves the hospital, and stress its importance
5. Call the family before the diagnostic audiology appointment to verify the appointment time and place and include the reasons why the appointment is
important; offer assistance to get to the appointment if necessary (eg, transport vouchers)
6. Make 2 audiology appointments when scheduling diagnostic evaluations so that the infant who cannot be completely evaluated at the first appointment is
scheduled to return within a reasonable time frame; cancel the second appointment if not needed
7. Use a fax-back form at the time of diagnostic evaluation to alert the PCP of the results and need for follow-up
8. Use fax-back forms between all parts of the care continuum (audiology, PCP, specialists, EI)
9. Obtain consent from parents for release of information at first contact with early intervention so that information can be shared between early intervention,
the PCP, and the state EHDI database

10. Provide PCPs with early intervention reports with clinically useful and timely information for providers
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ipants to view themselves as part of
the same system serving the infant
and his or her family was a central
theme. QI techniques then could be
used to eliminate waste, improve flow,
and standardize care processes
across the entire EHDI system.

Not all feedback was positive. Several
teams reported that data-reporting to
the Web-based extranet system was
technically challenging and time-
consuming. One team experienced
staff shortages during the collabora-
tive and was unable to report its data.
Some professionals expressed doubt
that the gains made during the collab-
orative could be sustained or spread
more widely across state systems
without additional resources. Teams
that reported the greatest gains dur-
ing the collaborative were frequently
those with the most established EHDI
infrastructure at the outset.

IMPLICATIONS FOR IMPROVING THE
EHDI PROCESS

The collaborative assessment showed
that QI could be applied to the EHDI sys-
tem with positive results in reducing

loss to follow-up. PDSA cycles per-
formed by multidisciplinary teams are
a promising strategy for driving sys-
tems improvement from the ground
up. These techniques can be used to
move toward a system of care for chil-
dren and youth with special health
care needs that includes the critical
characteristics of service coordina-
tion, effective communication between
providers and family, family participa-
tion in care delivery, and flexibility.28

Incorporate QI Into EHDI System
Development

QI approaches are most likely to be ef-
fective in the long-term when included
as an integral component of program
development. Nationally, there has
been considerable variation in how
follow-up is conducted after all types
of newborn screening, and there is a
recognized need for stronger quality-
assurance oversight.29 Raising expec-
tations among all stakeholders, fami-
lies, providers, and administrators
that continuous QI is a standard com-
ponent of care should result in more
widespread adoption of QI techniques

into follow-up activities. Resources are
needed to accomplish this ongoing
work, especially dedicated staff time
and staff expertise in data collection
and interpretation. “Top-down” incen-
tives, such as making evidence of QI
activities a condition of funding, are
likely to be effective and have already
been incorporated into the EHDI sys-
tem. Nonfiscal incentives such as rec-
ognition of team efforts at the institu-
tional or agency level may also be
effective.14,30 Support of senior leader-
ship at the state level, including the Ti-
tle V program, for using QI activities
has been recognized as contributing to
successful implementation.

Involve Families at All Levels of QI
Initiatives

Spread of the medical home concept
has led to promotion of a more active
role for families in guiding service de-
livery at the pediatric-practice level.23

However, their inclusion on “advisory
boards” andmechanisms for soliciting
family feedback remain variable. At the
state level, families are typically un-
derrepresented when decisions are

TABLE 3 Parents’ Experiences in the Learning Collaborative

“What I found very helpful, and exciting, is when we actually had the face-to-face learning sessions. . . . I really enjoyed the parent meeting. I felt really connected
to the other parents from the other states.”
“The face-to-face meetings were probably the most beneficial part of the whole NICHQ �learning collaborative�. When we all got together, we could talk about our
personal experiences. I think, like we all said, unless it happens to you, or it’s in your own home, nobody really truly understands, you know, and all of us as
parents understand what—well, as for myself, to be deaf and also to be raising a deaf child.”
“I think what really helped me was how our state team leader e-mailed weekly and the day before to remind us of the team calls that we would have and also
would remind us of the NICHQ update calls. That was very helpful.”
“For a lot of doctors and staff that I worked with on my team, this was the first time they ever had a parent involved, and it was a really new dynamic, and it took
a while to kind of figure out how that was all going to work together.”
“NICHQ tends to have some terminology that is kind of acculturated in their organization that I had to learn and stumble through over time, and I think maybe
some of it had to do with the �models of change’ and things like that. It would have helped to have a primer prior to the collaborative on terms I might need to
know.”

TABLE 4 Professionals’ Experiences in the Learning Collaborative

“Gaining an understanding that each specific change will only reduce a certain number of babies from being lost to follow-up; the lost to follow-up rate improves
when multiple changes occur at the local and the state level.”
“As a result of the �parent� survey, we received a parent story that described the anguish and uncertainty they experienced even though the �numbers’ (age at
rescreening, diagnostics, amplification) were very good. Without the survey, this story would not have emerged. This stresses the need for a much improved
parent-to-parent support system in our state, which is now unfolding.”
“The collaborative approach can open doors that were previously closed . . . it’s really the only way to get all the involved professionals and parents
together . . . that’s invaluable for system change.”
“It has tied many professionals together in unity to help each other, provide education, and reduce the number of babies lost to follow-up throughout the state.”
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made about systems of care. Families
that experience the continuum of care
from screening through intervention
are often well equipped to bring a sys-
tems perspective to QI discussions and
develop innovative ideas for improve-
ment. Partnering with state family ad-
vocacy organizations may help identify
parents who are willing to contribute
to QI work. Inclusion of family repre-
sentatives on EHDI state advisory
boards is also now a requirement for
federal funding.

Strengthen the Infrastructure for
Data Collection and Reporting

As reported in other articles in this
supplemental issue, state data sys-
tems must be further developed to al-
low real-time tracking of children’s
progress through diagnostic and in-
tervention systems.31,32 Agreement on
key EHDI structure process and out-
comemeasures, together with adapta-
tion of the data systems to allow easy
reporting of thesemeasures, would fa-
cilitate evaluation of the effects of QI
initiatives on program operation at the
local, state, and national levels. Mea-
sures could also be used to help a
practice or organization understand
its own care process and to compare
performance across institutions and
state systems.3 Linkage of screening
data with outcome measures includ-
ing language development and quality
of life is an important long-term goal
for states. Achieving this aim will re-
quire dedicated funding. The develop-
ment of these data systems could also
be informed by PDSA cycles evaluating
different approaches to data docu-
mentation and transmission.

CONCLUSIONS

This QI initiative, based on multiple
PDSA cycles, led to promising improve-
ments in statewide systems of care for
infants who require follow-up after
newborn hearing screening. Parents
played an active role in the QI process

in partnering with pediatricians, audi-
ologists, and other professionals to
suggest and implement changes lead-
ing to measurable system improve-
ments. Ongoing QI efforts hold promise
for continued improvements to the
EHDI system and for wider develop-
mental services system transforma-
tion. Dedication of staff time and
strengthening of data-tracking mecha-
nisms can facilitate this process. Suc-
cessful QI initiatives should reduce
waste, inefficiency, and rework in the
existing system to offset the invest-
ment in QI over time.

Local QI initiatives, whether at individ-
ual practice sites, or through regional
or statewide collaboratives, are likely
to benefit from national exchange of
experiences and sharing of success-
ful change strategies. The national an-
nual EHDI conference (www.infant
hearing.org/meeting/ehdi2010/index.
html) serves as a forum for such an
exchange. Sharing successful QI ap-
proaches with the wider pediatric com-
munity, through peer-reviewed publica-
tions and presentations, could speed
the transformation of all developmen-
tal services and lead to higher-quality
care for all children with special devel-
opmental needs.
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