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Introduction

The primary goal of Early Hearing Detection and Intervention 
(EHDI) programs is to provide effective intervention by  
6 months of age to maximize the infant’s natural potential to 
develop language and literacy skills (Joint Committee on 
Infant Hearing [JCIH], 2007). Intervention with hearing 
aids, as part of a larger intervention plan, is a common 
choice among families. Audiologists have access to scien-
tifically based strategies and clinical tools to ensure the 
hearing aids are fitted appropriately to the infant. Outcome 
evaluation is a recommended component of the pediatric 
hearing aid fitting process (American Academy of Audiology 
[AAA], 2003; Bagatto, Scollie, Hyde, & Seewald, 2010; 
College of Audiologists and Speech Language Pathologists 
of Ontario [CASLPO], 2002; British Columbia Early 
Hearing Program [BCEHP], 2006; King, 2010; Modernising 
Children’s Hearing Aid Services [MCHAS], 2005), how-
ever, there is little research related to what a typical outcome 

might be for an infant who wears hearing aids and how to 
systematically track the child’s auditory development and 
performance over time. This may in part be due to the lack, 
or perceived lack, of well-normed and validated auditory-
specific outcome measures available for use with infants and 
children who wear hearing aids. Several research studies 
have focused on the overall communication outcomes of 
children involved in EHDI programs and what factors may 
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Abstract

This study proposed and evaluated a guideline for outcome evaluation for infants and children with hearing loss who wear 
hearing aids. The University of Western Ontario Pediatric Audiological Monitoring Protocol (UWO PedAMP) was developed 
following a critical review of pediatric outcome evaluation tools and was systematically examined by the Network of Pediatric 
Audiologists of Canada. It consists of tools to gather clinical process outcomes as well as functional caregiver reports. The 
UWO PedAMP was administered to a clinical population of infants and children with hearing aids. Sixty-eight children were 
administered the functional outcome evaluation tools (i.e., caregiver reports) a total of 133 times. Clinical process outcomes 
of hearing aid verification (e.g., real-ear-to-coupler difference) revealed typical aided audibility (e.g., Speech Intelligibility 
Index). Results for the LittlEARS® questionnaire revealed that typically developing children with hearing loss who wear 
hearing aids are meeting auditory development milestones. Children with mild to moderate comorbidities displayed typical 
auditory development during the 1st year of life after which development began to decline. Children with complex factors 
related to hearing aid use had lower scores on the LittlEARS, but auditory development was in parallel to norms. Parents’ 
Evaluation of Aural/Oral Performance (PEACH) results indicated no age effect on scoring for children above 2 years of age; 
however, the effect of degree of hearing loss was significant. This work provides clinicians with a systematic, evidence-based 
outcome evaluation protocol to implement as part of a complete pediatric hearing aid fitting.
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affect outcome (e.g., Bass-Ringdahl, 2010; Ching, Dillon, 
Day, & Crowe, 2007; Moeller et al., 2007a, 2007b; Sininger, 
Grimes, & Christensen, 2010). These studies reveal impor-
tant information about the parameters of outcome for chil-
dren who are early-versus late-identified. For example, these 
studies show positive effects of early intervention, parental 
involvement and limiting effects of late identification and 
inconsistent hearing aid use. Individual clinicians and/or 
EHDI programs may be inclined to implement some or all of 
the outcome batteries of such studies when attempting to 
measure outcomes for individual infants or across programs. 
Unfortunately, this strategy may not be successful in a non-
research context: the protocols implemented in these studies 
were designed for the purposes of research and may have 
barriers to implementation in clinical practice. These barri-
ers include extensive test batteries that are impractical to 
administer and score in a typical clinical situation.

The focus of this article is to describe a clinically feasible 
guideline for monitoring auditory-related outcomes in 
infants and children, giving equal priority to properties such 
as normative data, sensitivity, specificity, and reliability as 
well as to clinical feasibility and utility (Andresen, 2000). 
Companion articles in this volume include a critical review 
of existing pediatric outcome evaluation tools (Bagatto, 
Moodie, et al., 2011) as well as a systematic evaluation of the 
chosen measures by the Network of Pediatric Audiologists 
of Canada (Moodie et al., 2011). In the present article, these 
two sources of information are integrated, and a specific 
guideline for outcome measurement in a clinical context as 
well as data for children with hearing loss who wear hearing 
aids are provided. This guideline is called the University of 
Western Ontario Pediatric Audiological Monitoring Protocol 
(UWO PedAMP). The UWO PedAMP is intended to be used 
with children with permanent hearing loss from birth to age 
6 years who wear hearing aids. Audiological monitoring is 
an important aspect of pediatric audiology whether or not the 
child has received hearing aids (e.g., the child has unilateral 
or mild bilateral hearing loss and is not yet aided). The UWO 
PedAMP can be used for monitoring children who have 
unaided hearing loss; however, the focus of this article will 
be on the application of the guideline with children who 
wear hearing aids.

The investigation reported here was a repeated measures 
longitudinal intervention study. The purpose of this study was 
to compare data from a clinical population of infants and chil-
dren with permanent childhood hearing impairment (PCHI) 
on a set of outcome evaluation tools to existing norms. 
Characterization of scores on the tools with infants and chil-
dren with various audiometric and medical profiles was 
examined. In this study, children with all degrees and con-
figurations of hearing loss and intervention types as well as 
those with comorbidities and complex factors (e.g., inconsis-
tent hearing aid use) were investigated. Including these chil-
dren in this work was unique when compared to the previously 
mentioned studies that evaluated outcomes in children with 

hearing loss and no other associated complexities or medical 
factors. This ongoing work will greatly enhance the under-
standing of auditory development and performance of a natu-
rally occurring clinical pediatric audiology population.

Method

Guideline Rationale

The UWO PedAMP is an extension of current pediatric 
hearing aid fitting protocols (e.g., Bagatto et al., 2010) and 
includes two types of outcome evaluation tools: (a) clinical 
process outcome measures to characterize the implementa-
tion of the previous stages of the hearing aid fitting process 
(e.g., verification) to aid in the interpretation of functional 
outcomes and (b) individual patient functional outcome 
measures in a two-stage process by developmental level. 
The functional outcome measures are (a) the LittlEARS® 
Auditory Questionnaire (Tsiakpini et al., 2004) and (b) the 
Parents’ Evaluation of Aural/Oral Performance of Children 
(PEACH) Rating Scale (Ching & Hill, 2005a). These mea-
sures were chosen based on the results of a critical review 
(Bagatto, Moodie, et al., 2011) as well as input from pediat-
ric audiologists associated with the Network of Pediatric 
Audiologists of Canada (Moodie et al., 2011). The question-
naires were deemed to have a high level of evidence and 
feasibility as described in the companion articles, which 
supports their inclusion in the UWO PedAMP.

For younger children (see details below), the LittlEARS 
Auditory Questionnaire is used. For older children, the 
PEACH Rating Scale is used. Therefore, the tools included 
in the UWO PedAMP are as follows:

1. Aided Speech Intelligibility Index (SII) Normative 
Values Worksheet;

2. Hearing Aid Fitting Summary;
3. LittlEARS®Auditory Questionnaire (Tsiakpini et al., 

2004; Copyright MED-EL, 2004);
4. Parent’s Evaluation of Aural/Oral Performance of 

Children (PEACH; Ching & Hill, 2005a; Copyright 
Australian Hearing, 2005).

Prior to measuring functional outcomes (LittlEARS and 
PEACH), summary measures of the hearing aid fitting pro-
cess are made to characterize that process. These are included 
in the UWO PedAMP as clinical process outcomes (e.g., 
Aided Speech Intelligibility Index [SII] Normative Values 
Worksheet, Hearing Aid Fitting Summary). Hearing aids are 
used or worn for a trial period by the majority of children 
who have been identified with PCHI. Evidence-based pedi-
atric hearing aid fitting protocols are followed to positively 
support the impact of the infant’s hearing aid on his or her 
ability to develop auditory skills in daily life (e.g., AAA, 
2003; Bagatto et al., 2010; BCEHP, 2006; MCHAS, 2005). 
In the UWO PedAMP, functional outcome evaluation follows 
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the hearing aid verification stage of the fitting process to 
measure the impact of the fitting. There are two primary rea-
sons to monitor hearing aid fitting process outcomes as part 
of the UWO PedAMP prior to measuring functional 
outcomes.

The first reason is to determine whether an individual 
child’s fitting is providing a typical degree of audibility for a 
given degree of hearing loss. Clinicians and parents will 
have a better understanding of how the child is progressing 
with respect to audiological outcomes when details of the 
hearing aid fitting are tracked as part of an overall outcome 
evaluation guideline. For example, if the output of the hear-
ing aid is significantly less than would be typical for other 
children with similar losses, the child’s ability to use sound 
for development may be limited relative to a child with a 
typical fitting.

The second reason for monitoring hearing aid fitting 
details is at the level of the program as a whole. The brief 
fitting details gathered in this protocol help to determine, for 
example, the typical rate at which real-ear-to-coupler differ-
ence (RECD) measures are made, or the typical amount of 
audibility provided by the hearing aids. This information 
may allow EHDI programs to monitor program-wide clinical 
process outcomes for such purposes as monitoring protocol 
use and practice quality.

Clinical Context
The participants in this study were caregivers of children 
who were seen as part of the Ontario Infant Hearing Program 
(OIHP). The OIHP is an example of a comprehensive EHDI 
program that identifies children born deaf or hard of hearing 
and provides the supports and services they need to develop 
the language and literacy skills necessary to achieve success 
in school (Bagatto et al., 2010). The program provides 
services for children from birth to 6 years of age who are 
identified with PCHI and their families/caregivers. As well, 
it monitors those children born with, or who acquire risk 
indicators for permanent hearing loss throughout early child-
hood. Program protocols are in place to provide universal 
newborn hearing screening, audiological assessment, and 
amplification and communication development services for 
children found to be deaf or hard of hearing. The OIHP 
utilizes systematic, evidence-based procedures for hearing 
aid fitting, including the use of the DSL v5.0a (Scollie et al., 
2005), measured RECD values, simulated real-ear verifica-
tion, and hearing aid orientation.

Every year in the province of Ontario, about 3 in 1,000 
babies are either born with a permanent hearing loss or will 
develop a hearing loss early in their childhood. With a yearly 
birthrate of approximately 130,000, about 400 babies or pre-
school children are identified with impaired hearing every 
year in Ontario. In the fiscal year 2010/2011, 95% of the 
babies born in Ontario had their hearing screened. In addi-
tion, of the 371 children identified with PCHI in 2010/2011, 

47 were identified through surveillance of at-risk infants and 
173 were from other referral routes (e.g., acquired risk, 
acquired hearing loss, newly identified) and received an 
assessment prior to entry into Grade 1. From these routes 
combined, approximately 2,855 were identified with PCHI 
(2,252 bilateral, 602 unilateral) from program inception in 
November 2001 to March 31, 2011. The families of 1,709 of 
these infants chose hearing instruments, 98 infants wear 
cochlear implants,1 and the remainder (979) chose neither 
option or were in the process of obtaining hearing instru-
ments. Reasons for choosing neither option vary and include 
such factors as opting for manual communication and watch-
ful waiting for children with mild and/or unilateral hearing 
loss. University of Western Ontario ethics approval was 
obtained so that five clinicians at four participating clinical 
sites in Ontario could provide de-identified data. The clini-
cians were pediatric audiologists with at least 10 years of 
experience working with infants and young children. Three 
of the clinics were in the Toronto Region of the OIHP 
(Humber River Regional Hospital, Markham Stouffville 
Hospital, Centenary Hospital) where two audiologists col-
lected data and one clinic was in the Southwest Region of the 
OIHP (University of Western Ontario H.A. Leeper Speech 
and Hearing Clinic) where three audiologists collected data.

Since April 2010, the UWO PedAMP has been imple-
mented as an extension of the OIHP’s Provision of 
Amplification Protocol in Ontario, Canada (Bagatto et al., 
2010). Facilitating successful clinical implementation of the 
UWO PedAMP has been an important consideration for the 
introduction of this guideline in an EHDI program, such as 
the OIHP. For this reason, a suggested administration time-
line is provided to outline when each outcome evaluation 
tool is used as part of the guideline. The grid in Figure 1 
summarizes the administration of each outcome evaluation 
tool within the UWO PedAMP during a hearing-impaired 
child’s routine follow-up.

Each outcome evaluation tool within the UWO PedAMP 
is listed down the left-hand side of the figure. The clinicians 
involved in this study were able to determine whether a tool 
should (“”) or should not (“X”) be administered during the 
specific appointments listed across the top of the figure. 
Each tool within the UWO PedAMP was administered  
during a routine clinical appointment.

Participants
Participants included 352 caregivers of infants and children 
with various audiometric and medical profiles (mean age = 
21.7 months; age range = 1.3 to 107.1 months). Eighty-six 
children were from the Toronto Region of the OIHP and 266 
children were from the Southwest Region of the OIHP. Of 
the total children, 223 had normal hearing and 129 had 
permanent hearing loss. The purpose of including the nor-
mal hearing children was to evaluate existing normative 
values and clinical feasibility of the tools. Hearing losses 
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ranged from mild to profound and were unilateral (n = 35) 
or bilateral (n = 94) sensorineural (n = 84) or permanent 
conductive (n = 18). Twenty-seven children in this sample 
had auditory neuropathy spectrum disorder (ANSD) and 
were not fitted with hearing aids at the time of inclusion in 
the study. Sixty-eight of the children with PCHI were fitted 
with hearing aids and 61 had no hearing aids at the time of 
inclusion. Thirty-three of the children with hearing aids were 
from Humber River Regional Hospital, 18 were from 
Markham Stouffville Hospital, 6 were from Centenary 
Hospital, and 11 were from the H.A. Leeper Speech and 
Hearing Clinic at UWO.

Children with hearing aids had hearing losses ranging 
from mild to profound, unilateral or bilateral sensorineural 
(pure tone average = 48.41 dB HL; range = 16.67 to 110.00 
dB HL; see Table 1).

In this population study, children with comorbidities and 
complex factors were included as well as typically develop-
ing children. Comorbidities included medical issues such as 
Down Syndrome, cerebral palsy, and genetic syndromes. 
Children in this study were identified as having a comorbid-
ity based on clinician report. Children with comorbidities 
comprised approximately 12.5% (n = 44) of the total sample. 
Of the 68 children fitted with hearing aids, 32.35% (n = 22) 
had comorbidities. Complex factors included nonmedical 
complicating issues that may affect hearing aid outcome 
such as inconsistent hearing aid use and delayed hearing aid 
fitting. Approximately 33.82% (n = 23) of the hearing 
impaired children with hearing aids had complex factors in 
this sample. This left 33.82% (n = 23) typically developing 

children from the total sample of children with hearing loss 
who wear hearing aids.

The following sections provide an overview of the  
tools included in the UWO PedAMP: the Aided Speech 
Intelligibility Index (SII) Normative Values Worksheet, 
Hearing Aid Fitting Details, the LittlEARS, and the PEACH 
questionnaires. Information about where to locate the differ-
ent tools within the UWO PedAMP as well as score sheets 
for the LittlEARS and PEACH questionnaires can be found 
in the Appendix. Data from the use of these tools will be 
presented within a large-scale study in which the UWO 
PedAMP was administered during routine clinical practice.

Clinical Tools
Hearing aid fitting details. As part of the UWO PedAMP, 

two tools are provided to monitor and assess the clinical pro-
cess of hearing aid fitting and include (a) Aided SII Norma-
tive Values: Birth to 6 Years Worksheet and (b) the Hearing 
Aid Fitting Summary (see Appendix). Used together, they 
provide helpful information for the audiologist, caregivers, 
and health policy makers about the hearing aid fitting as part 
of this outcome evaluation guideline. The UWO PedAMP is 
an extension of the hearing aid fitting process and assumes 
that the audiologist has followed preferred practice guide-
lines for pediatric hearing assessment and the fitting of hear-
ing aids to infants and young children (Bagatto et al., 2010). 
Several steps are followed in the verification stage of the 
pediatric hearing aid fitting process and include simulated 
(or predicted) real-ear measurements of hearing aid 

Figure 1. Administration guidelines for children with PCHI who wear hearing aids
Note: The top row specifies the appointment type and the far left column indicates the outcome evaluation tool within the UWO PedAMP that should be 
administered. Within the grid, “” and “X” designates when an outcome evaluation tool should or should not be administered at a particular appointment.
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performance using RECD measurements (Bagatto et al., 
2010). Figure 2 displays one example of this procedure that 
is explained in detail in the protocol (Bagatto et al., 2010).

In this guideline, the aim was to minimize the time needed 
to capture the hearing aid fitting details. For this reason, the 
exact fit to targets at each frequency and test level was not 
documented. Instead, the goodness of fit to targets was 
assessed by the clinician. The overall outcome of the fitting 
was assessed using three indicators of clinical process: (a) 
whether the RECD was measured, predicted, or entered from 
previous file data; (b) whether the clinician measured the 
maximum power output (MPO); and (c) the amount of audi-
bility provided for low and moderate level speech (via the 
aided SII).

For both individual-level and program-level outcome 
evaluation, it was of interest to know whether the RECD was 
individually measured or predicted. Individually measured 
RECDs are more desirable for hearing aid fitting than pre-
dicted RECD values due to the substantial between-subject 
variability noted in RECD measures in infants and young 
children (Bagatto, Scollie, Seewald, Moodie, & Hoover, 
2002). Although age appropriate, currently available pre-
dicted RECD values only provide a gross estimate of actual 
RECD values in the pediatric population (Bagatto et al., 
2002). Therefore, current pediatric hearing aid fitting proto-
cols require the audiologist to attempt a measurement of the 
RECD to individualize the fitting for the patient (e.g., Bagatto 
et al., 2010). It was therefore of interest to know if the RECD 
was individually measured or predicted. To understand prac-
tice fidelity and clinical process outcomes, the clinician 
therefore indicated whether the RECD was measured or pre-
dicted for each ear. Also, if an RECD was measured on one 
ear and applied to the other ear, or previously measured val-
ues were used, these options were available (Table 2). Since 
the MPO is measured using a narrowband signal and not 

speech, there is no associated speech audibility index value 
(i.e., Speech Intelligibility Index) provided. Therefore, the 
clinician indicated whether or not the MPO was measured 
during the child’s hearing aid fitting and any follow-up visits. 
For outcome evaluation of the individual child, this simply 
documents that this important step was fulfilled (Table 2). At 
the program level, this information can be used to evaluate 
programwide adherence to the recommended protocol. For 
many pediatric hearing aid fitting protocols, measurement of 
the real-ear aided response (REAR) for low and moderate 
speech inputs are required (e.g., AAA, 2003; Bagatto et al., 
2010; BCEHP, 2006). Since hearing aid verification systems 
provide an associated SII value for all REARs, the next step 
was to document the SII values. Including the SII for low and 
moderate speech in the outcome evaluation process provided 
information about how typical the hearing aid fitting was for 
each ear for a particular patient. A complete clinical process 
outcome measure for the SII included a value from zero to 
100 for low- (55 dB SPL) and moderate-level (65 dB SPL) 
speech inputs. In summary, two SII values per hearing aid 
fitting were tracked (see Table 2).

The SII is a value representing the proportion of speech 
that is audible to the listener through his or her hearing aids 
(American National Standards Institute [ANSI], S3.5, 1997). 
It is an electroacoustic measure, not a behavioral prediction 
of speech recognition. The SII provides a value that clini-
cians, caregivers, and teachers can use to conceptualize the 
proportion of speech that is available to the child. SII values 
are provided from hearing aid verification systems (e.g., 
Audioscan Verifit®, Interacoustics Affinity®). If a clinician 
performs speech-based real-ear verification of the young 
child’s hearing aids, the SII is computed for each input level 
tested. For example, in Figure 2, the measured real-ear per-
formance of the child’s hearing aids for an average speech 
input provides an associated SII value, which indicates that 

Table 1. Number of Children With PCHI Who Wear Hearing Aids by Hearing Loss Category (dB HL) and Outcome Evaluation Toola

Degree of PCHI LittlEARS Data PEACH Data Number of Children
Number of 

Administrations

Mild (between 20 and 40 
dB HL)

Bilateral = 11 
Unilateral = 1

Bilateral = 15 
Unilateral = 1

Bilateral = 24 
Unilateral = 1

38

Moderate (between 41 and 
55 dB HL)

Bilateral = 18 
Unilateral = 0

Bilateral = 18 
Unilateral = 0

Bilateral = 24 
Unilateral = 0

51

Moderately-severe (between 
56 and 70 dB HL)

Bilateral = 9 
Unilateral = 1

Bilateral = 10 
Unilateral = 1

Bilateral = 14 
Unilateral = 1

34

Severe (between 71 and 90 
dB HL)

Bilateral = 0 
Unilateral = 1

Bilateral = 0 
Unilateral = 1

Bilateral = 0 
Unilateral = 1

  4

Profound (91 dB HL or 
greater)

Bilateral = 2 
Unilateral = 0

Bilateral = 2 
Unilateral = 0

Bilateral = 3 
Unilateral = 0

  6

Number of Children 43a 48a 68  
Number of Administrations 58 75 133

a. Some children have multiple data for the LittlEARS, the PEACH, or both that are not presented here.
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78% of moderate-level speech is audible to the wearer. The 
clinician will also be provided with SII values for verifica-
tion measures made with other speech input levels. In this 
example, 66% of soft speech is audible.

Recently, normative data for fit to Desired Sensation 
Level (DSL) Method version 5.0a targets have become avail-
able (Moodie, 2009, 2010). These were derived from pediat-
ric fit to target data from 161 ears. The fittings ranged from 
1 dB below to 4 dB above the prescribed target on average 
from 250 to 4000 Hz. From these data, the SII values were 
extracted to analyze the relation between SII and unaided 

pure tone average (PTA) hearing threshold levels, using a 
linear regression (see Figure 3). The results indicated that 
aided SII values decrease from 100% to 40% as hearing level 
increases from 20 dB HL to 90 dB HL. Within this range, the 
data vary by approximately 30% in more than 95% of fit-
tings. This trend is due to the application of the level distor-
tion factor within the SII calculation and narrower bandwidth 
typical of higher gain fittings (ANSI, S3.5, 1997). Above 90 
dB HL, there was too little data to establish a clear trend. 
Within the UWO PedAMP guideline, this trend was used, as 
well as the 95% confidence interval surrounding it, to 

Figure 2. SPLogram display of hearing instrument performance in relation to pediatric DSL v5.0a targets for a child with a PTA of 52 dB HL
Note: The solid lines represent the output of the hearing instrument for soft (1), average (2), loud (3) speech inputs and MPO (4) in relation to the various 
speech targets (large +) and MPO targets (small +). Thresholds (o) and upper limits of comfort (*) are also displayed.

Table 2. Summary of Hearing Aid Fitting Details

Hearing Aid Fitting Detail Data to be Tracked (For each aided ear)

Real-ear-to-coupler difference (RECD) Measured
Predicted
Other ear values
Previously measured

Maximum Power Output (MPO) Measured (yes/no)
SII for Soft Speech input (55 dB SPL) Value from 0 to 100
SII for Average Speech input (65 dB SPL) Value from 0 to 100
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determine whether a given fitting was considered typical for 
that PTA hearing loss. The Aided SII Normative Values 
Worksheet was developed for this purpose (see Appendix). 
Due to the lack of data in the region above 90 dB HL PTA, a 
typical trend for SII values in this region is not provided. The 
norms on the worksheet can therefore be used clinically to 
conceptualize audibility after some fit to target criteria (e.g., 
within 5 dB for losses with a PTA ≤70 dB HL) have been 
established.

Within the context of the OIHP, all clinicians within the 
program received training on measurement of all of these 
indicators, and other mechanisms within the program allow 
for specific file audit to look at practice quality in detail. The 
main interest, therefore, lies in the protocol elements present 
in a given hearing aid fitting, or across hearing aid fittings 
programwide, as a means of either (a) measuring how often 
clinicians employ these protocol elements and/or (b) having 
a means to characterize cases in which protocols were  
followed versus not followed.

Reporting hearing aid fitting details. To facilitate the col-
lection of relevant hearing aid fitting details, the UWO 
PedAMP provides a Hearing Aid Fitting Summary form 
(see Appendix). This form provides a way of recording, at 
regular intervals, important information about the hearing 
aid fitting, such as the details of the RECD measurement, 
the SII values associated with low and moderate level 
speech inputs, and whether an MPO measurement was 
made. These clinical process variables were recorded at the 
initial hearing aid fitting and at routine 3-month, 6-month 
and yearly follow-up visits (see Figure 1). Hearing  

aid fitting details were also recorded in event-driven 
situations.

The LittlEARS Auditory Questionnaire. The LittlEARS Audi-
tory Questionnaire is a caregiver-report functional outcome 
evaluation tool. It is included in the UWO PedAMP for 
evaluation of younger children, as discussed below. Accord-
ing to the authors, the purpose of the LittlEARS Auditory 
Questionnaire is to assess the auditory behavior of infants 
with PCHI who wear hearing aids or cochlear implants 
(Coninx et al., 2009; Tsiakpini et al., 2004, Copyright 
MED-EL, 2004). The 35 items in the LittlEARS assess 
auditory development during the 1st 2 years of hearing in 
the real-world and tap into receptive and semantic auditory 
behavior as well as expressive-vocal behavior. The ques-
tions are listed in an age-dependent order and are in a yes/
no format. The total of all “yes” answers provide a score 
that can be compared to average and minimum age-dependent 
values. These values are provided in 1-month age catego-
ries based on normative data (Coninx et al., 2009). The Lit-
tlEARS is designed to be answered by caregivers and is not 
affected by how it is administered (i.e., under professional 
guidance or independently). It has been suggested that 
using a caregiver observation tool at the early stages  
may be helpful to caregivers who are starting to navigate 
through the world of hearing loss and hearing aids (Har-
rison, 2000). The LittlEARS supports this function for 
caregivers because the items provide examples that intro-
duce them to early auditory behaviors and prepares them to 
understand what auditory behaviors can be observed at later 
stages of development.

A validation study of the LittlEARS questionnaire was 
conducted on 218 normal hearing children from German-
speaking families (Coninx et al., 2009). Results indicated that 
the questionnaire is reliable (split half r = .88), has good inter-
nal consistency (Cronbach’s α = .96), and predictive accuracy 
(Guttman’s λ = 0.93). There is also high correlation between 
the overall score and the age of the children (r = .91). The data 
collected from the caregivers were used to obtain normative 
values for the development of early auditory behavior in nor-
mal hearing infants and used to derive average and minimum 
values for scoring. A validation study was conducted with 63 
children in Germany and Italy who wear cochlear implants. 
The results indicated that the LittlEARS questionnaire is 
appropriate for use with children provided with cochlear 
implants early in life and the results can be compared to the 
normative data (Kuehn-Inacker, Weichbold, Tsiakpini, 
Coninx, & D’Haese, 2003). Currently there is a validation 
study being conducted in the United States with English-
speaking infants who wear cochlear implants (www.
ClinicalTrials.gov Identifier NCT00785707). The question-
naire has also been validated in 15 different languages with 
families of normal hearing infants and toddlers up to 24 
months of age (Bagatto, Brown, et al., 2011; Coninx et al., 
2009). Regression curves for each language were essentially 
equivalent to the German-derived norms.

Figure 3. Graph from the Aided SII Normative Values Worksheet 
displaying SII values for a 65 dB speech input
Note: The regression line was obtained from hearing aid fittings on 161 
ears of infants and children. The solid line represents the linear fit to the 
data and the dashed lines represent the upper and lower 95% confidence 
interval ranges. An SII value that falls between the dashed lines is consid-
ered to be typical audibility for that pure tone average.
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Further review of the feasibility of the LittlEARS ques-
tionnaire in clinical practice indicated that changes to the 
score sheet would facilitate its use with children who expe-
rience developmental delay (Moodie et al., 2011). For this 
reason the score sheet shown in the Appendix was devel-
oped. This tool maintains the original normative trajectory 
and cutoff scores but extends the age range that may be plot-
ted. This revised score sheet is included as part of the UWO 
PedAMP and was considered a useful addition to the guide-
line by the Network of Pediatric Audiologists of Canada 
(Moodie et al., 2011).

Parents’ Evaluation Of Aural/Oral Performance Of Children. 
The Parents’ Evaluation of Aural/Oral Performance of Chil-
dren (PEACH) Rating Scale is included as a caregiver-report 
functional outcome evaluation tool for use after the Lit-
tlEARS questionnaire is no longer appropriate. The PEACH 
in its original diary form is conducted using a structured 
interview format and has questions that address quiet and 
noisy situations as well as hearing device and telephone 
usage (Ching & Hill, 2005b). The PEACH Diary requires 
caregivers to observe their child for at least 1 week and 
record their observations for the 13 scenarios over that time 
period. They are also asked to rate the frequency of each 
behavior and provide examples of when the child did or did 
not exhibit a particular response. After the observation 
period, the audiologist meets with the caregiver to address 
each item in a face-to-face interview. The interview is struc-
tured to solicit detailed information from the caregiver, 
rather than yes/no answers. Normative data for the PEACH 
were obtained from 90 parents of normal hearing children 
and 90 parents of children with PCHI who wear hearing aids 
(Ching & Hill, 2007). The tool demonstrated good internal 
consistency (Cronbach’s α = 0.88) and high test-retest reli-
ability (r = 0.93). Normal hearing children (age range = 0.25 
to 46 months) demonstrated an increase in performance from 
about 6 months of age and close to perfect performance (i.e., 
90%) was achieved by about 3 years of age. Children with 
increasing hearing loss showed a decrease in performance 
(age range = 4 months to 19 years). Descriptive statistics for 
the PEACH were also reported indicating an overall test 
mean of approximately 62% for children with PCHI, with 
similar mean scores for the quiet and noise subscales. The 
authors noted that the children with hearing loss were late-
identified, and the functional performance of children who 
are early identified may be improved (Ching & Hill, 2007). 
A follow-up study with children with severe-to-profound 
hearing loss demonstrated that the PEACH is sensitive to 
changes in frequency response slopes in hearing aids (Ching, 
Hill, & Dillon, 2008).

The observation and interview process required for the 
PEACH Diary was found to be heavy in administrative and 
respondent burden as reported by the Network of Pediatric 
Audiologists of Canada (Moodie et al., 2011). Specifically, 
the time it takes to administer and score the PEACH Diary is 
longer and more involved compared to the PEACH Rating 
Scale. In addition, literacy barriers for some families may 

prevent completion of the PEACH Diary due to the indepen-
dent nature of the diary version. These limitations were 
reflected in the PEACH Rating Scale being rated more favor-
ably in the critical review (Bagatto, Moodie, et al., 2011) and 
accepted by a higher percentage of participants in the 
Network (Moodie et al., 2011) compared to the PEACH 
Diary. In addition, as reported in a research study (Golding et 
al., 2007) the caregiver’s ability to observe their child may 
have varied and may have been limited by competing factors 
in the household (i.e., number of children, wellness of the 
child, lifestyle; Golding et al., 2007). Also, an inexperienced 
interviewer may have had difficulty extracting useful exam-
ples from the caregivers even though the interviewer received 
instructions on how to administer the PEACH (Golding et al., 
2007).

A Rating Scale version of the PEACH (Ching & Hill, 
2005a) has been made available and includes most of the 
scenarios from the original PEACH Diary (Ching & Hill, 
2005b). The PEACH Rating Scale (referred to as the 
PEACH for the remainder of this article) appears to be more 
acceptable by clinicians and caregivers because the respon-
dent and administrative burden have been reduced (Moodie 
et al., 2011). The instructions ask caregivers to recall their 
child’s behavior in everyday life over the past week and rate 
their child’s hearing performance across a range of hearing 
and communication scenarios. The nature of the rating 
scale allows it to be answered by the caregiver during an 
appointment with guidance from the clinician, reducing 
respondent and administrative burden (Bagatto, Moodie, 
et al., 2011). Therefore, the PEACH was selected for use 
in the UWO PedAMP, with older infants and children who 
have attained ceiling performance on the LittlEARS 
Auditory Questionnaire. Ceiling performance on the 
LittlEARS occurs when the minimum score of 27 or greater 
has been achieved. This facilitates the use of the LittlEARS 
with children of various developmental trajectories by pro-
viding a stopping rule based on score and not by chrono-
logical age before moving to the PEACH. Also, items on the 
LittlEARS display similar content as the PEACH around 
Item 27. Therefore, for children involved in this study, the 
LittlEARS was administered until the child reached a ceil-
ing score of 27, regardless of age. Then, the PEACH was 
administered at the next routine follow-up appointment. 
The modified administration guidelines for both the 
LittlEARS and the PEACH based on the results of this study 
are outlined in the discussion section of this article.

Results

Hearing Aid Fitting Details

The RECD and MPO were both reported for 75.0% of the 
children involved in this study. The RECD was measured 
56.8% of the time and predicted values were used 27.5% of 
the time. Reasons for using predicted values were most often 
due to excessive cerumen in the ear canal or a very active 
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child. RECD values from the other ear were used for the ear 
with the better PTA 5.9% of the time. Previously measured 
values were used 9.8% of the time.

SII values for soft speech inputs were reported for 62 out 
of 68 children (91.2%) with PCHI who wear hearing aids in 
this study. These SII values had an average percentage of 
66.2 (range = 11 to 96). For average speech inputs, 64 out of 
68 SII values (94.1%) were reported for children with hear-
ing aids. Percentages were 74.9% on average for these SII 
values (range = 21 to 97). The SII values for average speech 
have been plotted within the Aided SII Normative Values 
Worksheet by degree of hearing loss (Figure 4). It can be 
seen that for the children involved in this study, the majority 
of the SII values for average speech are considered to be 
typical for the degree of hearing loss.

LittlEARS Data From Children With Hearing 
Loss Who Wear Hearing Aids
Of the total participant sample, 43 caregivers of children 
(mean age = 27.3 months; age range = 6.9-72.7 months) 
with PCHI who wear hearing aids were administered the 
LittlEARS a total of 58 times. Twenty-eight children 
received a single administration, and 15 children received 
repeated administrations, ranging in number from two to 
five longitudinal repetitions. Many of the children in this 
sample were identified as having comorbidities (39.5%; n = 
17) and complex factors (32.6%; n = 14). A total of 27.9% 
of children (n = 12) in this LittlEARS sample were typically 
developing and had no complex factors related to amplifica-
tion (see Figure 5).

Children with comorbidities included those who were 
premature (i.e., born 37 weeks gestational age relative to a 

40-week term) as well as those with other medical issues 
beyond PCHI. These children were further separated into a 
group with mild to moderate comorbidites (n = 9) and a 
group with severe comorbidities (n = 8). Children with 
severe comorbidities were born full-term and were indicated 
by the clinician to have a severe manifestation of a disorder 
or a syndrome causing multiple issues that could potentially 
interfere with auditory performance.

Caregivers’ responses on the LittlEARS indicated that 
children with severe comorbidities were not meeting auditory 
development milestones for their age and their individual 
scores were less than 27 out of 35, regardless of age (see 
Figure 6). Given the small sample size and therefore low 
power in this group (Lee, 2004), these data were not subjected 
to further analysis. More data will be obtained to further 
characterize this important subpopulation. Children with mild 
to moderate comorbidities were analyzed as a separate group.

The LittlEARS scores for the remainder of the children 
were grouped into the following categories prior to analyses: 
(a) typically developing; (b) mild to moderate comorbidities; 
and (c) complex factors. Regression analyses were con-
ducted on each group separately to characterize the cross-
sectional trajectory of scores by age, per group. For children 
who were typically developing, a quadratic regression curve 
provided the best fit to the data (R2 = 0.60; F = 8.20, df = 13, 
p <0 .01): this was the curve type used with the validation 
data from the normative study for this questionnaire 
(Coninx et al., 2009). The regression equation and the qua-
dratic curve fit to the data can be found in Figure 7a. The 
scores from the children with mild to moderate comorbidi-
ties were best fitted with an s-shaped function (R2 = 0.62; 
F = 18.27, df = 13, p < 0.01), with the regression equation 
and curve fit noted in Figure 7b. Finally, the scores for chil-
dren with complex factors were fitted using a quadratic regres-
sion curve, as seen in Figure 7c (R2 = 0.43; F = 7.26, df = 13, 
p < 0.01). Comparing the regression lines from each subgroup 
to each other as well as to the normative values (Figure 7d) 
indicates that children who are typically developing are 

Figure 4. SII values for average speech inputs by PTA for children 
with hearing aids involved in this study (filled circles)
Note: Solid and dashed lines are from the Aided SII Normative Values 
Worksheet. The solid line is the average SII normative values and the 
dashed lines are the upper and lower 95% confidence interval ranges.

Figure 5. Subgroup flowchart for children with hearing aids 
whose caregivers were administered the LittlEARS Auditory 
Questionnaire
Note: Of the total sample with hearing aids, these children were grouped 
into those with typical development, comorbidities, and complex factors.
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generally meeting auditory development milestones across 
age. Children with mild to moderate comorbidities show 
typical auditory development up to about 12 months of age 
where their scores begin to decline compared to normative 
data. Finally, children with complex factors associated with 
hearing aid use appear to be performing in parallel, but have 
lower scores, compared to typically developing children 
without complex factors.

PEACH Data From Children With Hearing 
Loss Who Wear Hearing Aids
Forty-eight caregivers of children with PCHI who wear hear-
ing aids were administered the PEACH a total of 75 times. 
Twenty-eight children received a single administration, and 
20 children received two to five repeated administrations of 
the PEACH. Of the children involved, 29.2% (n = 14) were 
born 37 weeks gestational age or earlier relative to a 40-week 
term and/or had other identified medical issues besides hear-
ing loss (i.e., comorbidities). In addition, 37.5% (n = 18) of 
the children were noted to have a complex factor related to 
amplification (i.e., inconsistent hearing aid use, delayed fit-

ting due to late identification or other factors). The remaining 
33.3% (n = 16) children were full-term, typically developing, 
early identified, enrolled early in programs of intervention, 
and did not have complex factors related to amplification.

Descriptive statistics are reported on the PEACH score 
sheet (see Appendix) for children who are typically develop-
ing (Figure 8). The average overall score was 84.5%  
(SD = 11.04) and the quiet and noise subscales were 86.0% 
(SD = 12.65) and 82.3% (SD = 12.94), respectively. This 
indicates that children who were identified and fitted early 
with high-quality amplification and who are typically devel-
oping achieve high scores on the PEACH. In fact, the scores 
of children with hearing aids in this sample are approaching 
the high score of 90% achieved by normal hearing children by 
age 3 years.

Analysis 1. The total sample of children were grouped into 
the following categories prior to regression analyses: (a) typi-
cally developing; (b) those with mild to moderate comorbidi-
ties; and (c) those with complex factors. There were no 
children in this sample with severe comorbidities as described 
in the LittlEARS results section. Regression analyses were 
conducted on each group separately. For all children who were 
typically developing, an s-shaped curve provided the best fit to 
the data (R2 = 0.13; F = 4.36, df = 30, p < 0.05), where the 
dependent variable was the overall PEACH score and the 
independent variable was age in months. The regression equa-
tion and the s-shaped curve fit to the data can be found in Fig-
ure 9. It can be noted that there were approximately 5 children 
under the age of 24 months included in this analysis, which 
may have contributed to the significant s-shaped regression 
curve. Recall that the UWO PedAMP functional outcome 
evaluation tools were administered using a two-stage process 
by developmental level. The LittlEARS has a suggested age 
range of birth to 24 months but this was adjusted to use a 
score-based stopping rule within the UWO PedAMP for this 
study because some of the items on the PEACH were consid-
ered to be beyond the developmental range of children younger 
than 24 months. Therefore, the young children were removed 
and a regression analysis was repeated on typically develop-
ing children older than 24 months. The result of this analysis 
was a nonsignificant linear regression (R2 = 0.009; F = 0.02, 
df = 25, p > 0.05; Figure 9). This provides support to the idea 
that the PEACH may be used for children who are typically 
developing and older than 24 months without the need for 
age-corrected scoring. A comparison of the curves plotted in 
Figure 9 indicate that there is no significant age effect on 
overall PEACH scores after 24 months of age, which sup-
ports using the PEACH questionnaire for children older than 
24 months of age.

Analysis 2. A multivariate analysis of covariance (MAN-
COVA) was conducted to determine the impact of degree of 
hearing loss and complexity (e.g., comorbidities and complex 
factors combined) on the scores for the PEACH quiet and 
noise subscales. With complexity as the independent vari-
able and the degree of hearing loss as the covariate, results 

Figure 6. LittlEARS scores from children with hearing aids who 
were born full-term and have severe comorbidities
Note: The solid line indicates the minimum expected score, the small 
dashed line indicates the average expected score and the large dashed line 
indicates the maximum expected score from the German-derived norms. 
Open squares indicate LittlEARS scores from children with PCHI who 
have severe comorbidities in this sample. Children with scores above the 
solid line are considered to be meeting auditory development milestones 
for their age and children with scores below the solid line are considered 
to not be meeting milestones.
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indicated that the multivariate effect of degree of hearing loss 
was significant, F(2, 54) = 5.713, p < 0.05, η2 = 0.175, but 
complexity was not, F(2, 54) = 1.643, p > 0.05, η2 = 0.057. 
Univariate effects confirmed that children who are typically 
developing or have complexities did not differ on their PEACH 

scores for either the Quiet, F(1, 55) = 2.366, p > 0.05 and 
Noise, F(1, 55) = 3.163, p > 0.05, subscales. However, the 
degree of hearing loss was found to have a significant impact 
on PEACH scores for both the quiet, F(1, 55) = 11.473,  
p < 0.05 and noise, F(1, 55) = 4.177, p < 0.05 subscales.

Figure 7. LittlEARS scores (y-axis) by age (x-axis) and regression lines from children with hearing aids who (a) are typically developing 
and have no comorbidities or complex factors (filled circles); (b) have mild to moderate comorbidities (filled squares); and (c) have 
complex factors (filled triangles)
Note: The various lines indicate the regression for each set of data: (a) large dashed; (b) dotted-dashed; and (c) small dashed. Regression equations are 
noted within each figure. The fourth panel (7d) displays all regression lines on a single graph and compares them to the average normative values (solid line).
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Discussion
This intervention study evaluated pediatric outcome evalu-
ation tools chosen for the UWO PedAMP to assess auditory 
development (LittlEARS) and auditory performance 
(PEACH) in children with PCHI who wear hearing aids. 
Auditory-specific outcomes are one way to measure how 
well a child with PCHI is performing with his or her hear-
ing aids. It is also important to consider overall communi-
cation outcomes, including speech- and language-based 
outcomes. However, the current work focused on auditory-
specific outcomes. In addition to these functional outcomes, 
clinical process outcomes were assessed by tracking hear-
ing aid fitting details using clinical tools. This important 
aspect of the UWO PedAMP provided a description of the 
hearing aid verification process without the need to report 
fit to target details but by using the SII to provide a gross 
index of a typical fit to target for the child’s PTA. The 
clinical process tools provided useful information for the 
interpretation of the functional outcomes measured by the 
LittlEARS and the PEACH questionnaires. The majority of 
hearing aid fitting details were reported and values reflected 
good hearing aid verification process. Evaluation of the 
LittlEARS with children with hearing aids indicated the 
typically developing children in this sample were meeting 
auditory development milestones across age. Children with 
mild to moderate comorbidities showed typical auditory 
development during the 1st year of life then showed a 
decline in scores compared to existing norms for normal 
hearing children. Children with severe comorbidities were 
too small of a sample to conduct an analysis, but more data 
collection will help to further characterize this group. 
Children with complex factors related to hearing aid use 
appeared to have lower scores compared to normal hearing 
children but did show the same rate of improvement across 
age. The PEACH results indicated no effect of age on audi-
tory performance as shown by a nonsignificant trend for 
typically developing children above the age of 24 months. 
Further analysis indicated that the degree of hearing loss 
affects scores on the PEACH but complexity does not.

Limitations of this study include the fact that the pediat-
ric audiologists involved in this work had several years of 
experience with fitting hearing aids to infants and young 
children. Including an outcome evaluation guideline in 
their routine practice may have been more of a challenge 
had the clinicians not been familiar with strategies used in 
the prior stages of the hearing aid fitting process (e.g., 
RECD measures, simulated real-ear verification proce-
dures). Therefore, extending the hearing aid fitting process 
to include the UWO PedAMP was likely less of a barrier for 
daily clinical practice for the audiologists involved in this 
study. In addition, the clinicians had the support of the 
OIHP and regional coordinators to add outcome evaluation 
tools to their regular clinical routine. The clinicians reported 
that the UWO PedAMP takes approximately 15 to 20 min 

Figure 8. PEACH scores from typically developing, full-term 
children with hearing aids  
Note: Squares represent average percentage scores for each subscale and 
vertical bars represent the standard deviation around the mean. Note that 
all scores are within the “Typical Performance” (nonshaded) range for this 
sample of children.

Figure 9. PEACH scores (y-axis) by age (x-axis) and regression lines 
from typically developing children (filled circles) with hearing aids
Note: The solid line is an s-shaped regression for typically developing chil-
dren of all ages involved in this study. A nonsignificant linear regression is 
shown with the dashed line for typically developing children over the age 
of 24 months. Regression equations are noted in the figure.
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of extra clinical time including working with the parents 
and completing forms for the patient’s chart. This may be a 
barrier in some clinics where time is limited and clinical 
managers do not see the importance of measuring outcomes 
of infants and children who wear hearing aids. One final 
limitation of this study is the sample size and the fact that 
children with comorbidities and complex factors were 
included as study participants. Of the 68 children in the 
study with hearing loss who wear hearing aids, a total of 23 
were typically developing. This was further divided into 12 
typically developing children with LittlEARS data and 16 
typically developing children with PEACH data (many had 
repeat administrations). These numbers are approaching the 
suggested sample size of 20 (Lee, 2004) for each group, 
however, at this point, the current sample size for each 
questionnaire may be insufficient to draw firm conclusions 
about the functional performance of typically developing 
children who wear hearing aids.

Through this work, clinical administration guidelines 
were developed to improve the feasibility and potential clin-
ical implementation of the guideline used in this study. This 
work is unique compared to other outcomes studies in that 
the guideline implemented here was designed for clinical 
use and not solely for the purposes of research. Therefore, a 
focus on reducing barriers to implementation in clinical 
practice was an important aspect of the development of the 
UWO PedAMP (Moodie et al., 2011). As such, children 
with other medical issues in addition to hearing loss as well 
as complex factors related to hearing aid use were included 
as participants in this study. This may support a better 
understanding of the clinical application of the LittlEARS 
and PEACH in a typical clinical population. Also, applica-
tion of these tools in clinical practice resulted in clinical 
administration modifications (e.g., extending the age range 
of administration for the LittlEARS, particularly for chil-
dren who have developmental delays) and the design of use-
ful score sheets for record keeping and interpretation. These 
modifications are described below for each functional out-
come evaluation tool. Clinical score sheets can be found in 
the Appendix. In addition, case examples are provided below 
to illustrate the use of the UWO PedAMP in clinical prac-
tice. We hope that the results of this clinical research and 
subsequent modifications to existing outcome evaluation 
tools will provide clinicians with a systematic, evidence-
based outcome evaluation protocol to implement as part of 
a complete pediatric hearing aid fitting.

LittlEARS Administration Guidelines
Within the UWO PedAMP, the LittlEARS Auditory 
Questionnaire can be administered for children with normal 
hearing as well as for children with hearing loss who wear 
hearing aids. The LittlEARS uses a simple “yes/no” format 
and has items that allow a gradual progression through the 

tool as the child develops. Therefore, it is recommended that 
all of the questions be answered, regardless of the number of 
consecutive “no” answers or the child’s hearing aid status. 
The tool was developed for infants in their 1st 2 years of life, 
however, the work presented here has revealed that it is also 
suitable for children older than 2 years of age who may be 
premature, who present with atypical development, or who 
are in the early stages of hearing aid use. Therefore, the 
score sheet was revised to include a wider age range of 
use with children up to 48 months of (adjusted) age (see 
Appendix). Further data collection will facilitate the charac-
terization of LittlEARS scores for infants and children with 
various audiometric profiles for application in a clinical 
context. For example, when a score is obtained for a child 
with aided severe PCHI, the clinician will be able to relate 
that score to data collected from a group of typically devel-
oping children with the same aided degree of hearing loss. 
On the other hand, many of the children in this initial data 
set have other medical issues or complex factors and these 
children may ultimately be characterized differently with 
future data collection.

It is recommended that administration of the LittlEARS 
occur at some point prior to hearing aid fitting and at  
regular follow-up visits (see Figure 1 for administration 
guidelines). If the child is not wearing hearing aids but has 
an identified hearing loss, the questionnaire may also be 
useful for monitoring auditory development and tracking 
progress over time although data supporting this use are not 
yet available. In this case, the LittlEARS should be admin-
istered at every regular follow-up visit. The total “yes” score 
is entered on the score sheet at the point where age and score 
meet. A child with a score in the shaded region is considered 
to not be meeting auditory milestones for his or her age. A 
child with a score above the shaded region is considered to 
be meeting auditory development milestones for his or her 
age. Within the UWO PedAMP, when a minimum score of 
27 or better is achieved on this tool, the child’s performance 
is considered to be at a ceiling. If ceiling is reached and the 
child is older than 24 months of age, the LittlEARS should 
no longer be administered. Instead, the clinician can begin 
to administer the PEACH, either at that appointment or at 
the next follow-up visit. This modification is supported by 
the outcome of the LittlEARS Auditory Questionnaire on 
those children with severe comorbidities and the fact that 
the items on the questionnaire display similar content as the 
PEACH around Item 27. This is further discussed in the 
next section.

PEACH Administration Guidelines
Within the UWO PedAMP, the PEACH may be adminis-
tered to children with normal hearing as well as to children 
with hearing loss who wear hearing aids. A comparison of 
the LittlEARS and the PEACH in terms of developmental 
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range indicates that some items on the PEACH may not be 
within the developmental abilities of younger infants. 
Roughly 17 children with moderate to moderately-severe 
hearing impairment were younger than 50 months of age in 
the PEACH normative data (Ching & Hill, 2007). Scores 
from these younger children and their normally hearing 
peers are lower, with normally hearing children reaching 
ceiling performance by 3 years of age. While results from 
this study, as well as others, reveal the PEACH appears to 
be sensitive to levels of hearing loss, its age-sensitivity may 
be due to the difficulty of items for younger infants or tod-
dlers. Therefore, in this guideline a two-stage develop-
mental process for administration is recommended: the 
LittlEARS is administered until a ceiling score and age 
criteria are met then the PEACH is administered. This is 
supported by the current PEACH data indicating there is no 
age effect on scores for children above 24 months of age. 
Having the parent of a young infant complete the PEACH 
may be discouraging at the early stages as some questions 
may not be developmentally appropriate, making it seem as 
though the child is not performing well (i.e., respondent 
burden may be too high). Although the authors suggest 
certain modifications of items for use with young infants, 
the specific age range for modification is not known. At 
young ages, the LittlEARS questionnaire includes items 
that are developmentally appropriate without modification. 
Therefore, based on the findings of this study the UWO 
PedAMP guideline has been modified such that administra-
tion of the PEACH begins when the child has reached a 
score of 27 or greater (i.e., ceiling performance) on the 
LittlEARS Auditory Questionnaire and the child is older 
than 24 months of age. These prerequisites should help to 
ensure that the child’s auditory skills are more likely within 
the range of the PEACH.

An accompanying PEACH score sheet was developed as 
part of the UWO PedAMP and provides assistance with 
interpretation of individual scores (Appendix). Results from 
previous studies of the PEACH as well as the current work 
have been included on the current version of the PEACH 
score sheet and can assist with interpretation of individual 
scores. The unshaded and shaded regions can be used as 
benchmarks against which to interpret individual scores. As 
the PEACH is routinely used in clinical practice, the perfor-
mance ranges on the score sheet will be validated and the 
results will be incorporated into future versions of the UWO 
PedAMP as needed.

Providing guidance for administration and interpretation 
of the tools supports the implementation of an evidence-
based clinical guideline for outcome evaluation in the pedi-
atric population. In addition, case examples are suggested as 
a way to support clinical implementation of the UWO 
PedAMP beyond the research results of this study (Kassirer, 
2010). For this reason, two case examples demonstrating the 
use of the UWO PedAMP are provided below.

Case Examples

Case Example 1: Michael

Michael was born full-term without complications with no 
reported family history of hearing loss. He was identified 
with a mild sloping to moderately-severe sensorineural 
hearing loss in both ears (PTA right = 43.3 dB HL; PTA 
left = 46.6 dB HL) when he was approximately 4 months 
old. Prior to obtaining hearing aids, Michael’s mother 
completed the LittlEARS Auditory Questionnaire. The 
total unaided LittlEARS score was 6. As seen on the score 
sheet shown in Figure 10, Michael was meeting minimum 
auditory development milestones for his age without hear-
ing aids. At 5 months of age, Michael was fitted binaurally 
with hearing aids and the fit to targets were assessed dur-
ing electroacoustic verification. Hearing aid fitting details 
were recorded on the Hearing Aid Fitting Summary form. 
Following a fit to targets assessment, the SII values were 
transferred to the Aided SII Normative Values Worksheet 
to visually see whether the child had typical audibility 
from the hearing aids (see Appendix). In this example, the 
SII for an average speech input for the right (86%) and left 
(82%) ears fell within the 95% confidence interval (dashed 
lines) for Michael’s degree of hearing loss (Figure 11). 
When compared to aided SII norms, it can be seen that 
both hearing aids were providing a typical degree of audi-
bility for Michael’s degree of hearing loss for an average 
speech input. If the SII values fell below the lower dashed 
line, the values would be considered to be lower than a 
typical SII for Michael’s degree of hearing loss. If this 
situation occurred, the clinician could consider modifying 
the hearing aid fitting to obtain a closer match to targets 
and thus an improved SII value prior to proceeding with 
the functional outcome evaluation tools in the UWO 
PedAMP.

After experience with the hearing aids for 1 month, 
Michael’s mother completed the LittlEARS questionnaire 
thinking about Michael’s auditory behaviors while wear-
ing the hearing aids. The score was 13 at approximately 6 
months of age, indicating that Michael was meeting typi-
cal auditory development milestones for his age in the 
aided condition (Figure 10). At the 3-month hearing aid 
follow-up appointments, when Michael was 9 and 12 
months of age, he was still meeting auditory development 
milestones for his age with scores of 23 and 34, respec-
tively, on the LittlEARS (Figure 10). Since Michael’s 
score on the most recent LittlEARS exceeded a score of 
27, which is considered the ceiling score for the UWO 
PedAMP, the PEACH was administered at his next follow-
up appointment. He scored 75% on the overall, quiet, and 
noise subscales, which is in the target performance range 
for the PEACH (Figure 12). As discussed above, given that 
Michael was less than 2 years of age at the time of 
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administration of the PEACH, performance on the tool 
may improve as he gets older. This example illustrates the 
result from the group analysis that some children may be 
too young for the PEACH and scores should be interpreted 

with caution. For this reason, our current recommendation 
is that the LittlEARS should be administered until the 
child is at least 2 years of age and continues to meet the 
ceiling score criteria.

Figure 10. LittlEARS score sheet for case example: Michael
Note: The solid line indicates the minimum expected score, the small dashed line indicates the average expected score and the large dashed line indicates 
the maximum expected score from the German-derived norms. Circles represent the LittlEARS Score (y-axis) plotted by the child’s age in months (x-axis). 
The open circle is the unaided score and the filled circles represent scores in the aided condition. Scores in the nonshaded region indicate the child is 
meeting auditory development milestones for his age and scores in the shaded region indicate the child is not meeting auditory development milestones 
for his age. Michael was meeting minimum auditory development milestones for his age prior to being fitted with amplification. While wearing the hearing 
aids, Michael’s scores improved to where he was showing progress and meeting auditory development milestones for his age.
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Michael’s results on the UWO PedAMP indicate that 
intervention with hearing aids (e.g., clinical process)  
and supporting communication development intervention 

resulted in functional outcome evaluation scores that show 
good auditory development and performance.

Case Example 2: Emma
Emma was born full term without complications with no 
reported family history of hearing loss. She had her hear-
ing screened at birth and did not pass in either ear. Her 
parents did not pursue follow-up hearing screening or 
further audiological assessment until they suspected an 
issue when Emma was 4 years old. This late identification 
and intervention is tracked as a “complex factor” in the 
present study. Emma was identified with a moderate to 
moderately-severe sensorineural hearing loss in the right 
ear and a moderate rising to mild sensorineural hearing 
loss in the left (PTA right = 51.7 dB HL; PTA left = 40.0 
dB HL) and was fitted with hearing aids immediately. 
Following a fit to targets evaluation, the SII values were 
plotted on the Aided SII Normative Values Worksheet to 
conceptualize the audibility of the fitting relative to the 
normative data. Results indicated that the SII values for 
an average speech input (Right = 70%; Left = 75%; 
Figure 13) for Emma’s degree of hearing loss falls within 
the 95% confidence interval and therefore would be con-
sidered to have typical audibility. Therefore the clinician 
proceeded with using the functional outcome evaluation 
tools (i.e., LittlEARS, PEACH) with the knowledge that 
the hearing aid fitting was providing typical audibility for 
the child’s degree of hearing loss.

Emma is greater than 2 years of age and has normal 
developmental status. Therefore, prior to being fitted with 
hearing aids, Emma’s mother completed the PEACH. Scores 
ranged from 65%, 70%, to 60% for the overall, quiet, and 
noise subscales, respectively, for the unaided condition 
(Figure 14). After 2 months of experience with the hearing 
aids, Emma’s scores on the PEACH increased to 80%, 91%, 
and 65% for the same subscales. With 5 months of hearing 
aid experience, Emma’s scores improved to 88%, 91%, and 
85% on the overall, quiet, and noise subscales, respectively, 
(Figure 13). An improvement in the noise score may have 
coincided with the introduction of a noise management pro-
gram. This was prompted by the child’s descriptions of 
problematic listening while in the shopping center, which 
may not have been a topic of discussion had the PEACH not 
been administered.

This demonstrates that the PEACH is sensitive to auditory 
performance in the unaided and aided condition and shows 
progression in scores with more experience with hearing 
aids. In this case, a positive outcome with intervention was 
documented by systematically tracking the child’s auditory 
performance over time. Although this child was late-identi-
fied, which resulted in late intervention with hearing aids, 
initiating intervention that followed an evidence-based proto-
col improved the child’s auditory performance compared to 
when intervention was not provided.

Figure 12. PEACH score sheet for case example: Michael
Note: The PEACH percentage scores (y-axis) are plotted within each 
subscale (x-axis) for this case example. Results indicate that Michael  
is demonstrating typical auditory performance while wearing the  
hearing aids.

Figure 11. Aided SII values for case example: Michael
Note: SII values (y-axis) for an average speech input are plotted for the 
right (O) and left (X) hearing aid fittings by Michael’s PTA (x-axis). Since 
the symbols fall within the 95% confidence intervals (dashed lines), it 
can be concluded that Michael’s hearing aid fitting is providing a typical 
degree of audibility for his degree of hearing loss, in both ears.
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Figure 14. PEACH score sheet for case example: Emma
Note: The PEACH percentage scores (y-axis) are plotted within each 
subscale (x-axis) for this case example. Open squares indicate the unaided 
condition, hatched squares indicate 2 months of hearing aid use, and filled 
squares indicate 5 months of hearing aid use. Results indicate that prior to 
the use of hearing aids, Emma was demonstrating atypical auditory perfor-
mance. As she gained experience with amplification, she demonstrated an 
improvement in auditory performance over time in all subscales.

Summary and Clinical Implications

Outcome evaluation is a key stage in the pediatric hearing aid 
fitting process. An evidence-based and clinically feasible 
guideline for systematically measuring the impact of hearing 
aid intervention in infants and young children has been an 
identified need in pediatric audiology (Moodie et al., 2011). 
A critical review of existing pediatric outcome evaluation 
tools revealed some caregiver-report functional outcome 
tools that have the characteristics to be included in a clinical 
guideline as well as be implemented clinically (Bagatto, 
Moodie, et al., 2011). With input from the Network of 
Pediatric Audiologists of Canada, the systematically chosen 
tools were included in the UWO PedAMP (Moodie et al., 
2011). The first version of the UWO PedAMP includes out-
come evaluation tools that aim to measure auditory-related 
outcomes in infants and young children who wear hearing 
aids, including subjective assessment of early auditory devel-
opment (LittlEARS) and subjective ratings of auditory per-
formance in daily life (PEACH). In addition, clinical process 
outcomes to assess the appropriateness of the hearing aid 
fitting are also included. Furthermore, their clinical imple-
mentation was supported by the data presented here along 
with administration guidelines and score sheets to help with 
interpretation. Overall, the work presented here will contrib-
ute to a better understanding of existing norms for the 
LittlEARS and the PEACH as well as provide a guideline for 
outcome evaluation for infants and children who wear hear-
ing aids. Further work is required to characterize the perfor-
mance of hearing-impaired children with varying clinical 
profiles. This is necessary for EHDI programs where hearing 
aids are a common intervention choice for families and out-
come evaluation is an important stage of the hearing aid fit-
ting process.

Appendix

(A) Location of Questionnaires

Figure 13. Aided SII values for case example: Emma
Note: SII values (y-axis) for an average speech input are plotted for the 
right (O) and left (X) hearing aid fittings by Emma’s PTA (x-axis). Since 
the symbols fall within the 95% confidence intervals (dashed lines), it is 
concluded that Emma’s hearing aid fitting is providing a typical degree of 
audibility for her degree of hearing loss, in both ears.

Questionnaire/Outcome Tool Location

Aided Speech Intelligibility 
Index (SII) Normative 
Values

www.dslio.com

Hearing Aid Fitting Summary www.dslio.com
LittlEARS Auditory 

Questionnaire
http://www.earfoundation.org.

uk/shop/items/98
Other languages direct from 

MED-EL. Tel: +44 (0) 1226 
242 874

PEACH Diary http://www.nal.gov.au/
outcome-measures_tab_
peach.shtml

PEACH Rating Scale http://www.outcomes.nal.gov.
au/LOCHI%20assessments.
html
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(B) LittlEARS Score Sheet List of Abbreviations

AAA: American Academy of Audiology

ANSD: Auditory neuropathy spectrum disorder

ANSI: American National Standards Institute

BCEHP: British Columbia Early Hearing Program

CASLPO: College of Audiologists and Speech Language 
Pathologists of Ontario

DSL: Desired Sensation Level

EHDI: Early hearing detection and intervention

JCIH: Joint Committee on Infant Hearing

MCHAS: Modernizing Children’s Hearing Aid Services

MPO: Maximum power output

OIHP: Ontario Infant Hearing Program

PCHI: Permanent childhood hearing impairment

PEACH: Parents’ Evaluation of Aural/Oral Performance 
of Children

PTA: Pure tone average

REAR: Real-ear aided response

RECD: Real-ear-to-coupler difference

SII: Speech intelligibility index

UWO PedAMP: University of Western Ontario Pediatric 
Audiological Monitoring Protocol

Acknowledgments

The authors gratefully acknowledge the input of Richard Seewald, 
Doreen Bartlett, and Martyn Hyde during the development stages 
of this work. The support of Christine Brown for her participation 
in data collection, Kelley Keene for her help with data organiza-
tion, and Andrew Johnson for his assistance with data analysis are 
also appreciated.

Declaration of Conflicting Interests
The authors declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The authors disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
This work was supported with funding from the Canadian 
Institutes of Health Research (Marlene Bagatto: 200811CGV-
204713-174463 and Sheila Moodie: 200710CGD-188113-
171346) and the Ontario Research Fund, Early Researcher Award 
to Susan Scollie and the Early Learning and Child Development 
Branch, the Children’s Corporate Systems Branch of Ontario’s 
Ministry of Children and Youth Services in Canada, Siemens 
Hearing Instruments, Canada and The Masonic Foundation of 
Ontario, Help-2-Hear Project.

(C) PEACH Score Sheet



Bagatto et al. 75

Note

1. The first fitting of a device is usually tracked in the OIHP 
database. Data for those infants who received a cochlear 
implant following the use of a hearing instrument have not been 
uniformly tracked within the program. This may reduce the 
number of reported cochlear implant users in the OIHP relative 
to programs that track all children who receive cochlear 
implants regardless of referral path.
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