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Abstract

Background: Pediatric central auditory processing disorder (CAPD) is frequently comorbid with other
childhood disorders. However, few studies have examined the relationship between commonly used
CAPD, language, and cognition tests within the same sample.

Purpose: The present study examined the relationship between diagnostic CAPD tests and “gold stan-
dard” measures of language and cognitive ability, the Clinical Evaluation of Language Fundamentals
(CELF) and the Wechsler Intelligence Scale for Children (WISC).

Research Design: A retrospective study.

Study Sample: Twenty-seven patients referred for CAPD testing who scored average or better on the
CELF and low average or better on the WISC were initially included. Seven children who scored below the
CELF and/or WISC inclusion criteria were then added to the dataset for a second analysis, yielding a
sample size of 34.

Data Collection and Analysis: Participants were administered a CAPD battery that included at least the
following three CAPD tests: Frequency Patterns (FP), Dichotic Digits (DD), and Competing Sentences
(CS). In addition, they were administered the CELF and WISC. Relationships between scores on CAPD,
language (CELF), and cognition (WISC) tests were examined using correlation analysis.

Results: DD and FP showed significant correlations with Full Scale Intelligence Quotient, and the DD left
ear and the DD interaural difference measures both showed significant correlations with working mem-
ory. However, ~80% or more of the variance in these CAPD tests was unexplained by language and
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cognition measures. Language and cognition measures were more strongly correlated with each other
than were the CAPD tests with any CELF or WISC scale. Additional correlations with the CAPD tests
were revealed when patients who scored in the mild—-moderate deficit range on the CELF and/or in the
borderline low intellectual functioning range on the WISC were included in the analysis.

Conclusions: While both the DD and FP tests showed significant correlations with one or more cognition
measures, the majority of the variance in these CAPD measures went unexplained by cognition. Unlike
DD and FP, the CS test was not correlated with cognition. Additionally, language measures were not
significantly correlated with any of the CAPD tests. Our findings emphasize that the outcomes and in-
terpretation of results vary as a function of the subject inclusion criteria that are applied for the CELF and
WISC. Including participants with poorer cognition and/or language scores increased the number of sig-
nificant correlations observed. For this reason, it is important that studies investigating the relationship
between CAPD and other domains or disorders report the specific inclusion criteria used for all tests.

Key Words: central auditory processing disorder, dichotic listening, neuroaudiology, temporal
processing

Abbreviations: ADHD = attention-deficit’/hyperactivity disorder; CANS = central auditory nervous
system; CAPD = central auditory processing disorder; CELF = Clinical Evaluation of Language
Fundamentals; CS = Competing Sentences Test; CSIA = CS interaural asymmetry; CSL = CS left;
CSR = CS right; DD = Dichotic Digits Test; DDIA = DD interaural asymmetry; DDL = DD left;
DDR = DD right; FP = Frequency Patterns Test; FSIQ = Full Scale Intelligence Quotient;
PRI = Perceptual Reasoning Index; PSI = Processing Speed Index; PTA = pure-tone average;
SD = standard deviation; UCONN = University of Connecticut; VCI = Verbal Comprehension Index;

WISC = Wechsler Intelligence Scale for Children; WMI = Working Memory Index

INTRODUCTION

fers to hearing difficulties that arise due to dys-

function of the central auditory nervous system
(CANS) (AAA, 2010). CAPD affects one or more of the
following auditory skills: sound localization and lateral-
ization, auditory discrimination, various temporal as-
pects of audition (e.g., temporal resolution, temporal
masking, temporal integration, and temporal ordering),
and perception of competing sentences or degraded acous-
tic signals (ASHA, 2005). Symptoms often exhibited by
individuals with CAPD include difficulties with hearing
in the presence of background noise; understanding rapid
speech or degraded speech; following verbal directions;
learning from or retaining information provided orally;
musical abilities, including difficulty recognizing sound
patterns or rhythms; as well as receptive and/or expres-
sive language, with a possible discrepancy between the
two skill sets (AAA, 2010).

Although pediatric CAPD involves dysfunction pri-
marily affecting the CANS, it is also a condition that com-
monly coexists with other childhood disorders (AAA,
2010). This frequent comorbidity occurs in part because
the central nervous system is nonmodular and dysfunc-
tion in one region can affect processing in other regions
(Musiek et al, 2005). Common comorbid conditions in-
clude language, learning, cognitive, and attention defi-
cits. Sharma et al (2009) observed that only 4% of
children being evaluated for CAPD were diagnosed with
this disorder alone. A much larger percentage of their
sample, ~60%, was diagnosed with CAPD and a comor-
bid language disorder. It has also been demonstrated

C entral auditory processing disorder (CAPD) re-

that performance on some types of CAPD tests is signif-
icantly correlated with performance on measures of cog-
nition/intelligence (e.g., intelligence quotient), attention,
and/or memory in children (Sharma et al, 2009; Rosen
et al, 2010).

The high comorbidity between CAPD and other child-
hood disorders has raised the concern that poor central
auditory test performance in children is a result of a
language or cognitive deficit (Moore et al, 2010; Kamhi,
2011). Some have suggested that one way in which
these disorders can be differentiated is through the ap-
plication of intratest measures (Bellis et al, 2011). An
intratest measure is a computation performed on two
slightly different administrations of a central auditory
test to the same individual. Examination of the differ-
ence between ears on dichotic tests is an example of an
intratest measure. The reasoning behind calculation of
this intratest measure is that nonauditory issues, such
as a language delay or cognitive deficit, should affect
both ears equally, yielding at most a small interear dif-
ference. Children with CAPD tend to show poorer left-
ear than right-ear performance (Musiek and Weihing,
2011 for a review); therefore, the magnitude of their
intratest measure tends to be much larger. Bellis
et al (2011) examined performance differences in partic-
ipants with CAPD, attention-deficit’/hyperactivity dis-
order (ADHD), and typically developing children on
an intratest measure. While ear-specific test perfor-
mance was negatively impacted by ADHD, the ear-
difference intratest measure discriminated children
with CAPD from those with ADHD. Specifically, children
with CAPD showed significantly larger interear differ-
ences than children with ADHD or typically developing
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peers (Bellis et al, 2011), demonstrating the utility of
intratest comparison measures to improve differential di-
agnosis of CAPD.

While existing research has examined the relationship
between pediatric central auditory test performance and
at least one other condition, these studies have infre-
quently examined the relationship between central audi-
tory processing, language, and cognitive ability within
the same sample. Additionally, none of these studies
have examined to what degree of intratest performance
on CAPD is related to these comorbid conditions. The
present retrospective study examined pediatric perfor-
mance on tests commonly used to diagnose CAPD (i.e.,
Dichotic Digits [DD; Musiek, 1983], Competing Senten-
ces [CS; Willeford and Burleigh, 1994], and Frequency
Patterns [FP; Musiek and Pinheiro, 1987]), a measure
of language ability (i.e., Clinical Evaluation of Language
Fundamentals [CELF; Semel et al, 2003]), and a test of
cognition (i.e., Wechsler Intelligence Scale for Children
[WISC; Wechsler, 2003]) to identify relationships across
these three areas.

Specifically, the present study addressed the follow-
ing questions using traditional CAPD test scoring
methods as well as intratest measures:

1) To what degree were CAPD tests scores correlated
with language and cognition measures?

2) How do the interrelationships between CAPD test
scores and language and cognition measures change
when considering patients with reduced language
and cognition scores?

3) What is the relationship between measures of lan-
guage and cognition?

METHODS
Participants

A total of 27 participants were included in this retro-
spective study. Participants ranged from 7 yr 11 mo to
16 yr, with a mean age of 11 yr (standard deviation
[SD] = 2.1). All participants were seen at the University
of Connecticut (UCONN) Speech and Hearing Clinic for
CAPD evaluation. A total of 44% of the sample were di-
agnosed with CAPD per the ASHA (2005) or AAA (2010)
criteria. This sample reflects consecutive patients seen
at the clinic who met the inclusion criteria detailed be-
low. It is the policy of the UCONN clinic that children
with an attention disorder take their prescribed medi-
cation on the day of the CAPD evaluation.

Inclusion Criteria

Inclusion criteria for the participants enrolled in this
study were (a) hearing sensitivity of no poorer than
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20 dB HL for the tested octave frequencies (500, 1000,
2000, and 4000 Hz); (b) no air-bone gaps >10 dB HL bi-
laterally; (c) interaural asymmetry not >10 dB HL for
the pure-tone average (PTA) of 500, 1000, and 2000
Hz; (d) normal middle-ear status (Jerger type A tympa-
nograms); (e) completion of the three central auditory
processing tests specified in the testing section below;
(f) completion of the CELF-4; and (g) completion of the
WISC-IIT or WISC-IV. An audiologist experienced in
CAPD testing and differential diagnosis (author L.G) car-
ried out the CAPD assessments reported in the current
study. Licensed professionals in the local area adminis-
tered the language and cognition tests as part of their
clinical evaluations.

Initial CELF/WISC inclusion criteria for the study
were a Core Language score of =85 on the CELF and
a Full Scale Intelligence Quotient (FSIQ) score of =80
on the WISC. These criteria identified the 27 partici-
pants for our first analysis series. There were an addi-
tional seven participants who obtained scores on the
three central auditory processing tests described, as well
as on the CELF and WISC, but who fell below the inclu-
sion criteria for one or both of the latter two measures. In
a second analysis series, we included these seven partic-
ipants to yield a sample size of N = 34. The purpose of
this second analysis was to examine the impact of in-
cluding children with poorer language and/or cognition
scores on CAPD X WISC/CELF correlations. This re-
flects a situation that might occur if (a) broader inclu-
sion criteria were used for language and cognitive
tests, and/or (b) inclusion criteria for these tests were
not specified in a study and the language and/or cognitive
status of participants was unknown. This second series is
described separately in the Results section below.

Central Auditory Processing Test Battery

The central auditory processing test battery adminis-
tered to all participants included DD (Musiek, 1983), CS
(Willeford and Burleigh, 1994), and FP (Musiek and
Pinheiro, 1987). Unless otherwise specified, all CAPD tests
were presented at 50 dB SL re: PTA. The DD test is a dich-
otic processing measure of binaural integration. This test
presents two different digit pairs simultaneously to
each ear. Participants are instructed to repeat all four
digits in any order (i.e., free report). There are a total
of 20 digit pairs presented to each ear, and each digit
is worth 2.5%. The CS is a dichotic processing measure
of binaural separation, with two different sentences
simultaneously presented to each ear. Participants
are instructed to attend to one ear and repeat what is
heard, while ignoring the sentence presented to the con-
tralateral ear. The presentation levels are 35 and
50 dB SL re: PTA, for the signal to be repeated and
the signal to be ignored, respectively. A total of 20
sentences are presented, 10 to each ear. Participants
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receive 10% if they repeat the entire sentence cor-
rectly, 7.5% if one or two key words are incorrect,
5% if half of the sentence is incorrect, 2.5% if only
one or two key words are repeated correctly, and 0%
if no portion of the sentence can be recited correctly.
Additionally, a score of 0% is given if a participant re-
cites the sentence from the unattended ear. This
method was used previously in Musiek et al (2011)
and Weihing et al (2015).

The FP test is a measure of temporal processing skills
(specifically temporal ordering). The FP was presented
either monaurally to each ear separately or binaurally.
Binaural presentation of this test is frequently per-
formed because ear differences are uncommon (Musiek
and Pinheiro, 1987). If the test was administered mon-
aurally, scores from each ear were then averaged to ob-
tain an average FP score. The FP test presents three
different tones, which are either low (880 Hz) or high
(1122 Hz) in frequency. On any given trial, the partic-
ipant labels verbally the frequency order of the three
tones (e.g., high-low-high). Trials are counted as incor-
rect if the sequence repeated back does not match the
presentation pattern, including reversal of the pattern
(e.g., high-low-low for low-high-high). For monaural
administration, a total of 30 patterns are presented
separately to each ear; however, if all trials but one
are correct during the first 15 trials, the test is termi-
nated. For sound-field administration, a total of 45 pat-
terns are presented to an individual; however, if all
trials but two are correct or incorrect during the first
20 trials, then the test is terminated. In the case of
early termination, performance is scored based on
the initial 15 or 20 trials. All participants had FP la-
beling scores used in the present analysis that repre-
sented the percentage of patterns correctly labeled
verbally. These percent correct scores on the labeling
task were considered reflective of participants’ tempo-
ral processing skills.

Clinically patients may be asked to hum the patterns
on the FP test if their labeling scores are below normal
limits. Humming is a less difficult auditory processing
task, and these scores can sometimes reveal relevant in-
formation about auditory processing abilities. Hum-
ming data were available for only a few participants
in this study (19%); therefore, these data were not in-
cluded in the current analysis. There were no instances
in which participants had humming scores but not la-
beling scores.

Table 1. CAPD Test Descriptive Statistics (N = 27)

Procedures and Scoring of Auditory Test Battery

All hearing tests were administered using a GSI 61 two-
channel audiometer (Grason Stadler, Eden Prairie, MN) in
an JAC sound-treated booth (IAC Acoustics, North Aurora,
IL) using TDH-39 headphones (Telephonics, Farmingdale,
NY) or ER-3A insert earphones (Etymotic Research, Elk
Grove Village, IL), except for the FP test when it was con-
ducted in the sound field. The modified Hughson-Westlake
procedure was used to determine audiometric pure-
tone thresholds. A GSI Tympstar was used to perform
tympanometry. The presentation order of the central audi-
tory tests varied by patient, and some participants were
administered additional auditory processing tests not in-
cluded for analysis in the present study. For the battery ex-
amined in the present study (DD, CS, and FP), participants
were considered to have failed a test if they scored below
Dartmouth Hitchcock Medical Center normative values
(i.e., means minus 2 SDs) for one or both ears. These norms
were applied previously in Musiek et al (2011) and Weihing
et al (2015). Ear-specific scores were obtained for DD (left
[DDL] and right [DDR]) and CS (left [CSL] and right
[CSRY]). Participants were considered to have failed these
tests if they scored below normal cutoff values in one or both
ears. One participant was only several weeks from 8 yr of
age, therefore the 8-yr-old normative values were used for
this case. Participants scoring below normal cutoffs on at
least two of the three central auditory tests, or below three
SDs on at least one test, were diagnosed with CAPD (ASHA,
2005; AAA, 2010). Descriptive statistics for the CAPD tests
in the present sample are included in Table 1.

The ear-difference intratest measure was calculated
for DD and CS. This was computed as the absolute value
of the right- minus left-ear percent correct, referred to
as DD interaural asymmetry (DDIA) and CS interaural
asymmetry (CSIA). As mentioned previously, it was
expected that children with CAPD would show larger
scores on this intratest measure because the right
ear tends to outperform the left ear in many cases of pe-
diatric CAPD (Bellis et al, 2011).

Language Assessment

Language was assessed using the CELF-4 (Semel
et al, 2003). This is a normative assessment, which pro-
vides a comprehensive, broad-based evaluation of the
language ability of children ages 5-21 yr. Recep-
tive and expressive language modalities are assessed

CSL CSR CSIA DDL DDR DDIA FP
Mean 90.65 96.22 7.06 88.57 95.00 8.72 73.24
SD 11.35 5.33 7.99 11.45 4.99 10.23 22.07
Range 53-100 83-100 0-30 53-100 85-100 0-45 15-100
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individually. Results from the CELF-4 can be used to (a)
identify the presence of a language disorder, (b) describe
the nature of the disorder, (c) evaluate the underlying
clinical behaviors, and (d) evaluate contextual lan-
guage and communication skills (Pearson Education
Inc., 2008). The CELF-4 is commonly used to evaluate
language disorders in populations with comorbid disabil-
ities (Bailey and Gross, 2010). This was the standard lan-
guage assessment that was used clinically at UCONN at
the time the participants in this study were evaluated.
The primary score obtained from administration of the
CELF-4 is the Core Language score. The Core Language
score is based on performance on a set of subtests includ-
ing Concepts and Following Directions (i.e., pointing to ob-
jects in response to verbal instructions), Word Structure
(i.e., completing a sentence using a specific format),
Recalling or Imitating Sentences, and Formulating Sen-
tences (using a picture to create the sentence for a specific
word or phrase). Receptive and Expressive Language
scores also were available for most participants and were
also used to evaluate correlations with various auditory
and cognitive assessments. The Receptive Language
scores reflect listening and auditory comprehension in
general. The subtests used to evaluate this construct
vary depending on age, and include Concepts and Follow-
ing Directions, Word Class (i.e., describing a relation-
ship between a set of two words), Sentence Structure,
Understanding Spoken Paragraphs, and Semantic Re-
lationships (Pearson Education Inc., 2008). The Expres-
sive Language scores reflect one’s ability to use language
to communicate with others. This construct’s subtests
also vary depending on age and include Formulating
Sentences, Recalling Sentences, and Expressive Vocabu-
lary (Pearson Education Inc., 2008). For the present
study, individuals were defined as having a language
deficit if their Core Language score was <85, as a score
of 85 is the cutoff for 1 SD below the mean of normal per-
formance scores (the range for typical performance on
the CELF is 85-115 on the composite score chart) (Pear-
son Education Inc., 2008). Descriptive statistics for the
CELF in the present sample are included in Table 2.

Cognitive Assessment

The WISC third and fourth editions (WISC-III and
WISC-IV; Wechsler, 2003) comprised the cognitive as-
sessment. The WISC measures the intellectual ability
of children, ages 6 to 16 yr, 11 mo. The WISC FSIQ score

Table 2. CELF and WISC Descriptive Statistics (N = 27)

CELF Core Language WISC FSIQ
Mean 99.26 98.78
SD 9.11 9.34
Range 85-121 82-120
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denotes general intellectual ability and is based on sub-
tests that provide information about specific cognitive
domain functional abilities, as well as verbal and non-
verbal intelligence. The indices that make up the WISC-IV
include Verbal Comprehension, Working Memory,
Perceptual Reasoning, and Processing Speed (Sandhu,
2002). Two patients were administered the WISC-III
(Wechsler, 1991), which offers FSIQ scores but does
not include the same index scores. For those patients,
FSIQ scores were used only in analyses. The WISC is
a commonly used cognitive assessment when evaluat-
ing populations with comorbid disabilities (Bailey and
Gross, 2010) that was standardized on a large group
of individuals (N = 2,200) (Bailey and Gross, 2010).
This was the standard cognitive assessment used clin-
ically at the time the participants of this study com-
pleted their evaluations.

The WISC-IV Verbal Comprehension Index (VCI) is a
measure of a child’s ability to formulate verbal concepts.
This index is derived from a child’s ability to listen to a
question and use learned information to reason though
and construct a verbal response. The Working Memory
Index (WMI) is a measure of one’s ability to store and
process new as well as previously obtained information,
which aids in processes such as reasoning, comprehen-
sion, learning, and memory updating. WMI tests require
children to remember new information using their short-
term memory, and then take that novel information and
manipulate it to produce a desired result or demonstrate
various reasoning/language processes (Sandhu, 2002).
The Perceptual Reasoning Index (PRI) uses visual-motor
integration and spatial processing to determine percep-
tual and fluid reasoning abilities. These subtests present
problems that require use of these various reasoning and
processing strategies to devise a solution to the problem
(Sandhu, 2002). The Processing Speed Index (PSI) mea-
sures the speed at which individuals are able to process
information. These subtests require focused attention
and present different constraints, so children must perse-
vere to complete the tasks that require visual perception
and organization and proficient hand—eye coordination
(Sandhu, 2002). For the present study, individuals were
defined as having a cognitive deficit if their FSIQ was
<80, as the current Wechsler FSIQ classification of
80-114 is considered performance in low average to high
average ranges (mean FSIQ = 100, SD = 15; Sattler, 2008).
Descriptive statistics for WISC scores obtained in the pre-
sent sample are included in Table 2.

Statistics Overview

The analyses below addressed the main questions of
the present study. In a first correlation series, the rela-
tionship was examined between the CAPD tests (CSL,
CSR, CSIA, DDL, DDR, DDIA, FP) and the CELF
and WISC. The CELF scales included Core Language,
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Receptive Language, and Expressive Language. The
WISC scales included FSIQ, VCI, PRI, WMI, and PSI.
This analysis was performed to determine the degree
of association between the CAPD tests and these other
measures. Any significant correlations were also expressed
as a percentage of shared variance between the two mea-
sures to describe the magnitude of the effect. Since the
CAPD data contained maturation variance, significant
correlations also were examined while partialing out the
effect of chronological age to determine whether the rela-
tionship might reflect the influence of normal matura-
tional processes. If significance remained after adjusting
for chronological age, we interpreted this to mean that
the observed associations were more likely related to some
factor that is not part of the normal maturational process.

Correlations between CAPD tests and CELF and WISC
measures were then reexamined in a second series that
included participants who scored in the mild-moderate
deficit range on the CELF and/or in the borderline FSIQ
range on the WISC. This was done to simulate scenarios
that might occur if broader study inclusion criteria
allowed for participants to score within the disordered
range on the CELF and WISC measures, or the language
and/or cognitive status of the participants were unspeci-
fied in a study sample. All the correlations in the first se-
ries were repeated in the second series. This included
computing a separate set of correlations that adjusted
for chronological age.

Finally, correlations between language and cognition
scores were examined. Few studies have examined the
relationship between central auditory processing, lan-
guage ability, and cognitive ability within the same pe-
diatric sample. Since the present dataset included data
on all three groups of tests, we considered the magni-
tude of the CAPD X language/cognition correlations
within the context of how much performance on other
tests of childhood disorders tends to overlap.

RESULTS

To What Degree Were CAPD Tests Scores
Correlated with Language and
Cognition Measures?

We examined individual correlations between CAPD
test scores and the composite and subscale scores for the
CELF and WISC. Not all participants had results avail-
able for all subscales. Results for this analysis are
shown in Table 3. CELF scores were not correlated with
any of the CAPD measures. WISC FSIQ was signifi-
cantly correlated with DDL and FP. The WISC WMI
subscale was significantly correlated with DDL and
DDIA. The degree of shared variance for significant cor-
relations is shown in Figure 1. As can be seen in this
figure, the majority of the variance in CAPD test scores
(~80%) was unexplained by the cognition score.

To determine whether the observed correlations be-
tween DD and FP and the WISC were related to normal
maturational trends reflected in the CAPD test scores,
we computed these significant correlations a second
time after adjusting for chronological age. If signif-
icance remained after controlling for chronological
age, we reasoned that the observed associations were
more likely related to some factor that is not part of
the normal maturational process. In this analysis, all
four correlations remained significant, suggesting that
normal maturation could not account for the observed
trends [DDL X FSIQ: r@e4 = 0.458, p > 0.02; DDL X
WMI: rag = 0471, p < 0.04; DDIA X WMI: rgg) =
_0485,p < 003, FP X FSIQ ri4) = 0447,p < 0.03].

How Do the Interrelationships between CAPD
Test Scores and Language and Cognition
Measures Change When Including Patients with
Reduced Language and Cognition Scores?

In our initial records review, seven patients were
identified who scored in the mild-moderate range on
the CELF and/or in the borderline range on the WISC.
In the present study, this included children who scored
between 70 and 84 on the CELF and/or between 70 and
79 on the WISC. In a subsequent correlation series, we
considered the impact of including these participants.
This simulates scenarios that might occur if broader
study inclusion criteria allowed for participants to score
within the disordered range on the CELF and WISC
measures, or the language and/or cognitive status of
the participants were unspecified in a study sample.
For this analysis, this increased the possible maximum
sample size for an analysis from 27 participants to 34.

Table 4 presents the correlations obtained in this sec-
ond series. Most of the correlations reported in the first
correlation series remained significant in this second se-
ries. Many additional correlations were found in the sec-
ond series that were not present in the first. Specifically,
significant correlations were now noted between CELF
and all three CAPD tests, and a correlation emerged be-
tween the CS and WISC. These findings suggest that in-
cluding participants who score very poorly on the CELF
and WISC increases the likelihood of those measures be-
ing correlated with CAPD test scores.

To address whether the increase in the number of sig-
nificant correlations in this second series was the result
of the increased sample size, we reevaluated all the cor-
relations in Table 4 using degrees of freedom that were
similar to those correlations reported in Table 3. We
used the average sample size in Table 3 (N = 24) for this
approach. For df = 22, the critical r value required to
achieve significance for an alpha level of 0.05 is
0.404. There were initially ten significant correlations
in the second series (Table 4) that were not noted in
the first series (Table 3). Of these ten correlations,
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Table 3. Correlations between CAPD Tests and Language and Cognition Scores

CELF WISC
Core Receptive Expressive FSIQ VCI PRI WMI PSI
CSL —0.179 (27)  —0.140 (23) 0.231 (26) 0.158 (27) 0.326 (25) 0.010 (25) —0.234 (21) —0.298 (21)
CSR 0.165 (27)  —0.128 (23) 0.272 (26) 0.122 (27) 0.051 (25) 0.000 (25)  —0.030 (21)  —0.252 (21)
CSIA 0.232 (27) 0.081 (23) —0.163 (26) —0.073 (27) —0.154 (25) —0.085 (25) 0.276 (21) 0.233 (21)
DDL 0.247 (27)  —0.073 (23) 0.088 (26) 0.450" (27) 0.285 (25) 0.086 (25) 0.423* (21)  —0.071 (21)
DDR 0.134 (27) —0.263 (23) 0.317 (26) 0.139 (27)  —0.137 (25) —0.032 (25) 0.104 (21)  —0.221 (21)
DDIA —0.254 (27) —0.014(23) —0.029 (26) —0.360 (27) —0.142 (25) —0.149 (25) —0.475* (21) 0.156 (21)
FP 0.235 (27) 0.015 (23) 0.177 (26) 0.437* (27) 0.279 (25) 0.236 (25) 0.384 (21) —0.405 (21)

Notes: Values in boldface are significant at *p < 0.05 and **p < 0.01 (While ** = p < 0.01, no correlations in this table were significant for this

criterion.). N values are given in parentheses.

six remained significant with the more conservative de-
grees of freedom. This suggests that the increase in the
number of significant correlations in the second series
cannot be readily explained by the slightly larger sam-
ple size.

Finally, as with the first correlation series, we
addressed whether significant correlations remained
after adjusting for chronological age. When chronological
age was adjusted, all the correlations observed between
the CAPD tests and the WISC remained significant [CSR X
FSIQ: ria1y) = 0.452, p < 0.009; CSR X PRI: r@g) =
0.359, p < 0.05; DDL X FSIQ: r@1) = 0.355, p < 0.05;
DDL X WMI: res = 0.401, p < 0.04; DDR X FSIQ:
ray = 0.377, p < 0.04; FP X FSIQ: rispy = 0.500, p <
0.004; FP X PRI: reg) = 0.418, p < 0.02; FP X WMI:
res) = 0.496, p < 0.009]. For language, most correlations
remained significant after adjusting for chronological
age [CSL X Core Language: rs1) = 0.375, p < 0.04;
CSIA X Core Language: r3;) = —0.438, p < 0.02; CSIA X
Receptive Language: rio7) = —0.375, p < 0.05; FP X Core
Language: r31) = 0.488, p < 0.005]. However, there were
two correlations that were only marginally significant
after adjusting for chronological age [DDL X Core
Language: ri31) = 0.336, p = 0.056; FP X Receptive
Language: r@7) = 0.343, p = 0.068].

Percent variance in CAPD test scores

100
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0

DDLxFSIQ DDLxWMI DDIA x WMI

What is the Relationship between Measures of
Language and Cognition?

The correlations between CELF and WISC scores
were also examined in the present sample. Significant
correlations were observed between Core Language and
FSIQ [r2s) = 0.381, p < 0.05], between Core Language
and WMI [re;, = 0.594, p < 0.005], and between
Expressive Language and WMI [r@g;) = 0572, p <
0.009]. The percentage of variance in language scores
that was explained by cognition measures is shown in
Figure 2. Notably the relationship between CELF Core
Language and WISC WMI showed the greatest degree of
shared variance of any of the comparisons made in the
present study (35%). This indicates that about one-third
of the variance in language scores is accounted for by the
working memory ability of patients.

DISCUSSION
General Findings

The primary findings of the present study were that
the “gold standard” measures of language and cogni-
tion (CELF and WISC, respectively) predicted only a

O Variance explained by
cognitive measure

W Variance unexplained by
cognitive measure

FP x FSIQ

CAPD test x cognitive measure

Figure 1. Pearson 2 effect sizes (expressed as a percentage) between CAPD test scores and WISC measures that were significantly
correlated. Variance explained is represented by the white portion of each bar.
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Table 4. Correlations between CAPD Tests and Language and Cognition Scores When Also Include Participants Who
Scored in the Borderline Range on the WISC and/or in the Mild-Moderate Range on the CELF

CELF WISC
Core Receptive Expressive FSIQ VCI PRI WMI PSI
CSL 0.441** (34)  0.334 (30) 0.332 (33) 0.299 (34) 0.292 (32) 0.158 (32) 0.263 (28) —0.098 (28)
CSR 0.247 (34) 0.162 (30) 0.177 (33) 0.456"* (34) 0.296 (32) 0.372* (32) 0.175 (28) 0.246 (28)
CSIA  —0.493** (34) 0.396* (30) —0.314(33) —0.290 (34) —0.205 (32) —0.214(32) —0.283(28) 0.054 (28)
DDL 0.398* (34) 0.062 (30) 0.181 (33) 0.359* (34) 0.158 (32) 0.136 (32) 0.381* (28) —0.041 (28)
DDR 0.331 (34) 0.160 (30) 0.334 (33) 0.383" (34) 0.046 (32) 0.257 (32) 0.296 (28) 0.085 (28)
DDIA  —0.265 (34) 0.076 (30) —0.075 (33) —0.173(34) —0.031(32) —0.043(32) —0.315(28) 0.238 (28)
FP 0.541** (34) 0.367* (30) 0.289 (33) 0.488** (34) 0.217 (32) 0.421* (32) 0.465* (28) —0.167 (28)

Notes: Values in boldface are significant at *p < 0.05 and **p < 0.01. N values are given in parentheses.

minority of the variance in CAPD test scores among chil-
dren who showed average or better language skills and low
average or better FSIQ. This indicates that the majority of
variance in these CAPD measures was not accounted for
by these particular measures of language and cognition.
Further, where the overlap between CAPD test scores
and these other measures was greatest, it appeared to
be cognition, and not language, that was explaining this
small amount of variance in the CAPD scores.

The primary correlation series performed in the pre-
sent study indicated that FSIQ was significantly corre-
lated with DDL and FP, and that WMI was significantly
correlated with DDL and DDIA. While the vast majority
of variance in the CAPD measures remained unex-
plained even after accounting for these cognition mea-
sures, we consider some of the possible explanations for
these trends. For the dichotic tests, the observation that
DDL and DDIA were correlated with cognition while CS
was not suggests that the DD X Cognition relationship
reflects something unique to the stimuli or response
mode of the DD measure and not something specific
to all dichotic tests. One possibility is that the number
of disparate auditory elements (i.e., four numbers)

needing to be remembered and recalled on any given tri-
al places increased demands on working memory. The
finding that the WMI subscale was correlated only with
the left ear suggests that participants may be repeating
back their dominant dichotic processing ear first (i.e.,
right ear), after which they have difficulty recalling
the left ear. CS may not have shown this relationship
because the sentence stimulus contains word elements
that are related by the sentence context, and this may
benefit recall. For the FP and FSIQ relationship, it is
possible that the memory requirements (i.e., remember-
ing three tone frequencies) and abstract nature of the
labeling response mode places increased demands on
patients. Those who obtain cognition scores in the
low average range may encounter greater difficulties
performing the task successfully.

Impact of Adding Patients with Language and/or
Cognitive Deficits

The present study reevaluated correlations between
CAPD tests and these other measures after children
with language and/or cognitive deficits were added into
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core lang x core lang x
FSIQ WMI

O Variance explained by
cognitive measure

B Variance unexplained by
cognitive measure

expressive
lang x WMI

Language test x cognitive measure

Figure 2. Pearson r? effect sizes (expressed as a percentage) between CELF test scores and WISC measures that were significantly
correlated. Variance explained is represented by the white portion of each bar. Lang = language.
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the analysis. This included participants who showed a
mild-moderate deficit on the CELF and/or who scored
in the borderline low intellectual functioning range on
the WISC FSIQ. The purpose of this analysis was to in-
vestigate the impact of adding participants with clearly
compromised language or cognitive functions.

Results indicated a much larger degree of association
between CAPD scores and language and cognition
scores when these children with language and/or cogni-
tive deficits were included. Specifically, all three CAPD
tests showed one or more significant correlations with
the CELF and its subscales in this second correlation
series. Further, the CS was correlated with FSIQ in this
second series. These findings indicate that the pattern
of correlations will vary as a function of the inclusion
criteria used for language and cognitive tests. Not spec-
ifying clearly what inclusion criteria were used for a par-
ticular research study would be expected to make it more
difficult to know how best to interpret the findings.

There are several possible explanations for why CAPD
tests were more closely associated with the CELF in this
second correlation analysis. One possibility, which attri-
butes a causal role to central auditory processing, is that
children with CAPD have a listening (auditory process-
ing) disadvantage, and it is this auditory processing issue
that hinders normal development of language skills. A
second possibility, which attributes a causal role to lan-
guage ability, is that poorer language skills make it more
challenging for children to complete speech-based audi-
tory processing tests and/or understand the spoken in-
structions. Finally, it is possible that there is a more
global developmental issue that is not auditory specific
but that includes the auditory system, and this develop-
mental issue also affects language development. As an
example, Musiek et al (1984) speculated that, in some
children, a delay in myelin development negatively af-
fects the CANS and contributes to dichotic listening is-
sues. This delay would not be expected to be localized
to the auditory system and could affect the central ner-
vous system more globally.

Relationship between Language and
Cognition Measures

Although it was not a primary purpose of this study,
we also investigated the relationship between the lan-
guage and cognition measures in the present sample. It
was noted that language scores showed some relation-
ship to FSIQ and working memory. Interestingly, the
relationships between Core Language and WMI and be-
tween Expressive Language and WMI surpassed the ef-
fect sizes seen for the majority of CAPD correlations.
For comparison, the largest proportion of shared vari-
ance for the CAPD measures was 23% (DDIA X
WMI, derived from Table 3), whereas the largest value
for the language and cognition correlations was 35%
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(Core Language X WMI). This trend of significant cor-
relations between language and cognition measures is
supported by previous reports that have shown that
children who do poorly on language tests also tend to
present with poorer working memory (Pearson Educa-
tion Inc., 2005 for a summary).

Therefore, language and cognition measures were
more highly related to each other than they were to
the CAPD tests in the present study. If the metric of
CAPD as an independent clinical entity is gauged by
the degree to which CAPD test scores disassociate from
these other childhood tests, then it should be noted that
common clinical measures of language and cognition
are much more strongly associated with each other than
they are with CAPD tests. Thus, relative to these three
groups of tests, the CAPD measures appear to be the
most independent.

Comparison to Previous Studies

The correlations observed in the present study also
have been reported in other studies. Keith et al.
(1989) administered a dichotic word subtest of the
SCAN to children with Verbal IQ scores =90. Similar
to the present study, they did not note any correlations
between the CELF and the dichotic measures. They
noted some association between vocabulary and dich-
otic word processing when using an open set of stimuli,
although this may not be relevant to the present find-
ings, which were obtained from a dichotic test with a
small closed set (DD) as well as from a dichotic sentence
test in which word recognition likely benefited from sen-
tence context (CS). Also consistent with the present
findings are those of Lum and Zarafa (2010), who re-
ported a relationship between dichotic ability and lan-
guage function in patients with reduced performance on
language measures.

It has been observed that IQ and working mem-
ory are correlated with dichotic digits performance
(Maerlender et al, 2004; Wilson et al, 2011; Gyldenkrne
et al, 2014; Tomlin et al, 2015), though several studies
have not reported this finding (e.g., Sharma et al, 2009;
Weihing et al, 2015). It also generally has been reported
that left-ear dichotic digit scores tend to show more sig-
nificant correlations with IQ and working memory than
right-ear dichotic digit scores (Wilson et al, 2011;
Gyldenkrne et al, 2014). Several studies also have ex-
amined competing sentences performance, noting some
relationship between IQ and/or working memory and
these measures (Wilson et al, 2011; Ahmmed et al,
2014), though again some studies have not reported sig-
nificance (Riccio et al, 2005; Weihing et al, 2015). It
should be pointed out that most of the previous studies
examining these correlations using competing senten-
ces computed a total score that merged performance
at each ear (e.g., SCAN), making their trends difficult
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to compare to the present study, in which ear-specific
scores were used. Finally, FP performance also has
been examined in previous research, corroborating that
performance often is significantly correlated with 1Q
and/or working memory (Sharma et al, 2009; Wilson
et al, 2011; Gyldenkrne et al, 2014; Tomlin et al,
2015; Weihing et al, 2015).

A recently published study from our laboratory exam-
ined the relationship between cognition and CAPD tests
(Weihing et al, 2015). One key difference between the
present study and Weihing et al (2015) is that the pre-
sent study found a significant correlation between cog-
nition and DD test scores that was not observed in our
earlier study. Relative to the present study, Weihing
et al (2015) showed a greater percentage of DDL scores
closely approaching or within the normal range. This
truncated range limited the linearity that could be
established between this CAPD measure and cognition.
Conversely, in the present study, a greater percentage
of participants showed lower DDL performance, and
there was a greater tendency toward linearity in the
DDL X FSIQ relationships. Therefore, it is possible that
the reduced percentage of participants who scored
poorly on DDL in the Weihing et al (2015) study led
to their finding of fewer significant relationships.

Clinical and Research Implications

Our findings reinforce that clinical testing for lan-
guage and cognitive function by cognizant professionals
should be an important component of the CAPD pree-
valuation process, as recommended by current consen-
sus documents and clinical practice guidelines (ASHA,
2005; AAA, 2010). Administration of the DD and/or FP
test may be contraindicated if participants score in the
low average range on the WISC. However, since the ma-
jority of the variance on both (DD and FP) of these
CAPD measures remains unexplained by cognition, this
decision should be made on a case-by-case basis. All
CAPD tests were relatively uninfluenced by language,
when considering children who score average or better
on the CELF. While there is some degree of association
between language scores and the CAPD tests when in-
cluding children with mild-to-moderate language deficits,
the majority of the variance in the CAPD measures is still
unexplained by the CELF.

There likely is some value in calculating interaural
asymmetry to reduce the effects of language and cogni-
tion on dichotic test performance, particularly when
participants perform low bilaterally on a dichotic test.
For the DD test, however, there also appears to be com-
plex relationships between cognition and the left-ear
dichotic score, suggesting that a simple difference cal-
culation of the performance at each ear may not com-
pletely eliminate the effects of these other variables.
It is possible that new paradigms for applying differen-

tial diagnosis to the DD test, such as the Dichotic Digits
difference Test (Cameron et al, 2016), might yield better
discrimination of CAPD from other disorders when
compared to interaural asymmetry measures.

Given the potential bidirectional influence across
central auditory processing, cognition, and language,
it is critical that future research carefully specify par-
ticipant inclusion criteria. As the present study demon-
strated, relationships vary considerably as a function of
performance cutoffs; therefore, outcomes and interpre-
tation of results will vary as a function of subject inclu-
sion criteria. Failure to specify inclusion criteria limits
the degree to which findings can be generalized across
studies and to clinical situations that do not impose
these criteria.

Limitations

There are several limitations of the present study.
First, the sample of participants examined was relatively
small, with the sample size limited by the inclusion
criteria imposed during the retrospective chart review
(i.e., CS, DD, FP, CELF, and WISC scores must have
been documented in each participant’s record). This
was addressed to some extent in the present study by
not applying a Bonferroni correction and reporting ef-
fect sizes. However, future studies should seek to rep-
licate these findings in a larger sample. Second, as
half the sample was not diagnosed with CAPD, the cor-
relations may generalize best to children being evaluated
for the disorder, rather than to children specifically diag-
nosed with CAPD. The number of participants diagnosed
with CAPD as well as the number not presenting with
CAPD were each too small to consider correlations by
group.

Finally, attention deficits may also influence perfor-
mance on certain CAPD tests (Gyldenkrne et al, 2014),
as well as on language and working memory cognition
test performance (McInnes et al, 2003). This interaction
was not assessed in the present study. It should be
noted, however, that the pattern of correlations be-
tween the DD and the WISC subscales was different
than what is typically observed between the WISC
and measures of attention. In the present study, DD
was correlated with WMI in children being evaluated
for CAPD but for whom attention issues were not the
focus of concern. In contrast, prior studies have demon-
strated that children diagnosed with ADHD present
poor performance on both WMI and PSI (Mayes and
Calhoun, 2006). PSI was not correlated with DD in
the present study, and children who met criteria for
CAPD demonstrated PSI performance that was not sig-
nificantly different from those with normal auditory
processing [PSI CAPD mean = 93.92 versus Normal
Processing mean = 92.92; {24, = 0.269, p = 0.790]. Al-
though both WMI and PSI involve frontal-executive
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function, WMI uses verbal presentation of stimuli while
PSI employs visual stimuli. Taken together, these dif-
ferences might inform differential diagnosis and clarify
the independence seen between types of central audi-
tory processing tests (e.g., DD, Gaps-In-Noise, Masking
Level Difference) and attention deficits (Gyldenkrne
et al, 2014). In other words, more global (supramodal)
attention deficits seen in ADHD may be distinguished
from CAPD, in part, by examining performance on vi-
sual frontal-executive tasks such as the PSI.

CONCLUSIONS

he findings of the present study established that

the majority of the variance in CAPD test scores
was unexplained by the “gold standard” language (CELF)
and cognition (WISC) measures. Language and cognitive
measures were more closely associated with each other
than they were with CAPD tests. Including participants
who scored in the mild—moderate deficit range on the
CELF and/or in the borderline FSIQ range on the WISC,
as might happen with broadened inclusion criteria or un-
specified participant inclusion criteria, increased the
number of significant correlations between CAPD tests
and the language and cognitive measures. For this rea-
son, it is important that future studies specify inclusion
criteria for language and cognition measures when exam-
ining the relationship between CAPD and other domains
or disorders in children.

REFERENCES

Ahmmed AU, Ahmmed AA, Bath JR, Ferguson MA, Plack CJ,
Moore DR. (2014) Assessment of children with suspected auditory
processing disorder: a factor analysis study. Ear Hear 35(3):295-305.

American Academy of Audiology (AAA). (2010) Diagnosis, Treat-
ment and Management of Children and Adults with Central
Auditory Processing Disorder. http://www.audiology.org/publications-
resources/document-library/central-auditory-processing-disorder/.

American Speech-Language-Hearing Association (ASHA). (2005)
The Working Group on Auditory Processing Disorders. (Central)
auditory processing disorders [Technical Report]. http:/www.
asha.org/policy/TR2005-00043/.

Bailey JR, Gross AM. (2010) Cognitive assessment with children.
In: Thomas J, Hersen M, Eds. Handbook of Clinical Psychology
Competencies. New York, NY: Springer, 261-282.

Bellis TJ, Billiet C, Ross J. (2011) The utility of visual analogs of
central auditory tests in the differential diagnosis of (central) au-
ditory processing disorder and attention deficit hyperactivity dis-
order. J Am Acad Audiol 22(8):501-514.

Cameron S, Glyde H, Dillon H, Whitfield J, Seymour J. (2016) The
Dichotic Digits difference Test (DDAT): development, normative
data, and test-retest reliability studies Part 1. J Am Acad Audiol
27(6):458-469.

Gyldenkrne P, Dillon H, Sharma M, Purdy SC. (2014) Attend to this:

the relationship between auditory processing disorders and attention
deficits. J Am Acad Audiol 25(7):676—687, quiz 706—707.

768

Kamhi AG. (2011) What speech-language pathologists need to
know about auditory processing disorder. Lang Speech Hear Serv
Sch 42(3):265-272.

Keith RW, Rudy J, Donahue PA, Katbamna B. (1989) Comparison
of SCAN results with other auditory and language measures in a
clinical population. Ear Hear 10(6):382—-386.

Lum JA, Zarafa M. (2010) Relationship between verbal working
memory and the SCAN-C in children with specific language im-
pairment. Lang Speech Hear Serv Sch 41(4):521-530.

Maerlender AC, Wallis DJ, Isquith PK. (2004) Psychometric and
behavioral measures of central auditory function: the relationship
between dichotic listening and digit span tasks. Child Neuropsy-
chol 10(4):318-3217.

Mayes SD, Calhoun SL. (2006) WISC-IV and WISC-III profiles in
children with ADHD. J Atten Disord 9(3):486—493.

Meclnnes A, Humphries T, Hogg-Johnson S, Tannock R. (2003)
Listening comprehension and working memory are impaired in
attention-deficit hyperactivity disorder irrespective of language
impairment. J Abnorm Child Psychol 31(4):427-443.

Moore DR, Ferguson MA, Edmondson-Jones AM, Ratib S, Riley A.
(2010) Nature of auditory processing disorder in children. Pediat-
rics 126(2):e382—e390.

Musiek FE. (1983) Assessment of central auditory dysfunction: the
dichotic digit test revisited. Ear Hear 4(2):79-83.

Musiek FE, Chermak GD, Weihing J, Zappulla M, Nagle S. (2011)
Diagnostic accuracy of established central auditory processing test
batteries in patients with documented brain lesions. J Am Acad
Audiol 22(6):342-358.

Musiek FE, Gollegly KM, Baran JA. (1984) Myelination of the cor-
pus callosum and auditory processing problems in children: theo-
retical and clinical correlates. Semin Hear 5(3):231-240.

Musiek FE, Pinheiro ML. (1987) Frequency patterns in cochlear,
brainstem, and cerebral lesions. Audiology 26(2):79-88.

Musiek FE, Shinn JB, Jirsa R, Bamiou DE, Baran JA, Zaida E.
(2005) GIN (Gaps-In-Noise) test performance in subjects with con-
firmed central auditory nervous system involvement. Ear Hear
26(6):608-618.

Musiek FE, Weihing J. (2011) Perspectives on dichotic listening
and the corpus callosum. Brain Cogn 76(2):225-232.

Pearson Education Inc. (2005) CELF-4 Technical Report—
Correlations between CELF-4 and WISC-4 Integrated. http://
images.pearsonassessments.com/images/tmrs/tmrs_rg/CELF4_ WISC4_
TechReport.pdf.

Pearson Education Inc. (2008) CELF-4 Technical Report. http://
images.pearsonassessments.com/images/tmrs/tmrs_rg/CELF_4_
Tech_Report.pdf.

Riccio CA, Cohen MJ, Garrison T, Smith B. (2005) Auditory pro-
cessing measures: correlation with neuropsychological measures
of attention, memory, and behavior. Child Neuropsychol 11(4):
363-372.

Rosen S, Cohen M, Vanniasegaram I. (2010) Auditory and cogni-
tive abilities of children suspected of auditory processing disorder
(APD). Int J Pediatr Otorhinolaryngol 74(6):594—600.

Sandhu IK. (2002) The Wechsler Intelligence Scale for Children—
Fourth Edition (WISC-IV). http://www.brainy-child.com/expert/
WISC_IV.shtml.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


http://www.audiology.org/publications-resources/document-library/central-auditory-processing-disorder/
http://www.audiology.org/publications-resources/document-library/central-auditory-processing-disorder/
http://www.asha.org/policy/TR2005-00043/
http://www.asha.org/policy/TR2005-00043/
http://images.pearsonassessments.com/images/tmrs/tmrs_rg/CELF4_WISC4_TechReport.pdf
http://images.pearsonassessments.com/images/tmrs/tmrs_rg/CELF4_WISC4_TechReport.pdf
http://images.pearsonassessments.com/images/tmrs/tmrs_rg/CELF4_WISC4_TechReport.pdf
http://images.pearsonassessments.com/images/tmrs/tmrs_rg/CELF_4_Tech_Report.pdf
http://images.pearsonassessments.com/images/tmrs/tmrs_rg/CELF_4_Tech_Report.pdf
http://images.pearsonassessments.com/images/tmrs/tmrs_rg/CELF_4_Tech_Report.pdf
http://www.brainy-child.com/expert/WISC_IV.shtml
http://www.brainy-child.com/expert/WISC_IV.shtml

Relationship between CAPD, Language, and Cognition/Brenneman et al

Sattler JM. (2008) Assessment of Children: Cognitive Founda-
tions. La Mesa, CA: Jerome M. Sattler, Publisher.

Semel E, Wiig EH, Secord WA. (2003) Clinical Evaluation of Lan-
guage Fundamentals—Fourth Edition (CELF-4). San Antonio,
TX: Pearson.

Sharma M, Purdy SC, Kelly AS. (2009) Comorbidity of auditory
processing, language, and reading disorders. J Speech Lang Hear
Res 52(3):706-722.

Tomlin D, Dillon H, Sharma M, Rance G. (2015) The impact of au-
ditory processing and cognitive abilities in children. Ear Hear
36:(5):527-542.

Wechsler D. (1991) The Wechsler Intelligence Scale for Children —
3rd Edition. San Antonio, TX: Psychological Corporation.

Wechsler D. (2003) Wechsler Intelligence Scale for Children-
WISC-IV. San Antonio, TX: Pearson.

Weihing J, Guenette L, Chermak G, Brown M, Ceruti J,
Fitzgerald K, Geissler K, Gonzalez J, Brenneman L, Musiek F.
(2015) Characteristics of pediatric performance on a test battery
commonly used in the diagnosis of central auditory processing dis-
order. J Am Acad Audiol 26(7):652—669.

Willeford JA, Burleigh JM. (1994) Sentence procedures in central
testing. In: Kartz J, ed. Handbook of Clinical Audiology. 4th ed.
Baltimore, MD: Williams & Wilkins, 256-258.

Wilson WJ, Jackson A, Pender A, Rose C, Wilson J, Heine C,
Khan A. (2011) The CHAPS, SIFTER, and TAPS-R as predictors
of (C)AP skills and (C)APD. J Speech Lang Hear Res 54(1):
278-291.

769

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



