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Abstract

The American Speech Language Hearing Association (ASHA), has suggested
guidelines for evaluating auditory processing disorders (ASHA, 1996), but currently
there is no standard testing tool that meets all of the guidelines. In 1997, Domitz and
Schow proposed a test battery named the Multiple Auditory Processing Assessment
(MAPA) and provided data from the Beta | version of it which attempted to incorporate
most of these guidelines. Shiffman, 1999, gathered more data from the Beta Il version of
MAPA, but more refinement was necessary.

The Beta 11l MAPA is now more difficult and includes information for a form A
and B. These forms were tested on school children ages 8-11 for equivalence and to see if
the ceiling effect had been eliminated while still maintaining reasonable test results for
children 8-11.

Means, standard deviations, Pearson correlations, fmax, and t-tests were
used to examine the subtests of MAPA: monaural Selective Auditory Attention
Test (MSAAT), Dichotic digits (DD), Competing Sentences (CS), Pitch Pattern
(PP), and two new subtests, Speech-in-noise for Children and Adults (SINCA)
and Duration Pattern (DP). Grouped monaural, binaural, and temporal tasks and
a composite score for the entire test were also evaluated.

Monaural: When both ear scores are combined on each mSAAT and
SINCA, forms A and B are moderately related (r=.37 to .40) and the means are
not significantly different (p>0.01). When msAAT and SINCA are combined, the

correlation coefficient r=.46. Thus, these forms are passably acceptable for



equivalence at least until SINCA is modified for some needed improvement.

Binaural: CS and DD, with r’s between .69-.78 for forms A and B show
acceptable equivalency. However, significant mean differences on DD between
forms suggest a learning effect. CS and DD combined into one binaural score
yields a correlation of r=.81.

Temporal: PP and DP, show excellent correlations between forms, r=.89
and .85, respectively. However, DP means for forms A and B are different
(p=0.002). For this and other reasons, DP may not be retained in MAPA. The
new test, Quick Tap (from a companion study), and PP scores were combined
with an r=.90 and no difference between mean scores (p=0.727).

In summary, all tests on both forms demonstrate at least some measures
of equivalency. The ceiling effect has been eliminated for all tests, and test
results appear reasonable in most respects as compared to results on Beta | and

Beta [| MAPA.



CHAPTER |

| nt roducti on

The process of screening and identifying children with
Audi tory Processing D sorders (APDs), previously called
Central Auditory Processing Disorders (CAPDs), continues to
be a debated topic in the field of audiology. According to
Hal |l (1999), “the term CAPD is used to describe a deficit in
the perception or conplete analysis of auditory information
due to central auditory nervous system dysfunction, usually
at the level of the cerebral cortex” (p. 35). Jerger and
Musi ek (2000) state that this deficit in information
processing is specific to the auditory nodality. The
chil dren di agnosed with APD have normal peripheral hearing.
However, they are often unable to process certain aspects of
auditory information correctly. Mich of the current debate
centers on which tests are appropriate and should be used in
t he screening and di agnosis of APD.

Many tests and procedures have been recomended for
screeni ng and di agnosi ng APD. According to the 1996

consensus statenent by the American Speech-Language-Hearing



Associ ation (ASHA), the central auditory processing system
is responsible for six behavioral processes. These siXx
processes are sound localization and | ateralization,
auditory discrimnation, auditory pattern recognition,
tenporal aspects of audition, auditory performnce
decrenents with conpeting acoustic signals, and auditory
performance decrenments with degraded acoustic signals. To be
di agnosed with APD, a child nmust exhibit a deficit in one or
nore of these processes (ASHA, 1996). ASHA recomended five
behavi oral auditory test neasures for these six areas. As
Schow, Sei kel, Chermak, and Berent (2000) point out in a
followup article, there is not a definite correspondence
between all six behavioral processes and the five
recommended testing neasures of ASHA. They recomrended
behavi oral tests that included a nonaural task, a pattern or
tenporal ordering task, and two binaural tasks that involve
i ntegration and separation. These four tasks are thought to
relate to three inportant behavi oral processing areas
(rmonaur al tasks, binaural tasks, and pattern recognition
t asks).

Jerger and Musi ek (2000) reported on a consensus

conference (Bruton) of 14 audiol ogists that discussed, anong



ot her APD issues, the diagnosis of APD for school children.
This conference recormmended a mi ni mal behavioral test
battery as well as the use of el ectro/physiol ogical/acoustic
tests and neuroi magi ng studi es. Chermak (2001), who
participated in the Bruton conference, summarized the
recomendati ons there and suggested that the behavioral test
battery should contain at | east one test in three areas: 1)
tenporal processing, 2) binaural processing, and 3) nonaur al
| ow-redundancy speech recognition. In addition, she
recommended that although APD i s di agnosed by audi ol ogi sts
after an extensive evaluation, a “conprehensive eval uation
requires a multi-disciplinary team approach” (p. 12). She
recommended the inclusion of speech-|anguage pathol ogi sts,
psychol ogi sts, and educators in the eval uation process.

Katz et al. (2002) supported the behavioral tests of
the Bruton group but disagreed wth the use of
el ectro/ physi ol ogi cal / acoustic tests and neuroi magi ng for
t he general popul ati on because they felt that these neasures
were unrealistically expensive and tine consum ng. They al so
stated that research does not confirmthat children with APD
are significantly different in

el ectro/ physi ol ogi cal /acoustic nmeasures from children who do
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not have APD. In addition, little is known about imaging. In
response, Jerger and Musiek (2002) stated that, “if we are
ever going to have a gold standard for APD, it will probably
be in the formof electrophysiological neasures” (p. 20).
Very little has been done so far on el ectrophysi ol ogi cal
nmeasures of APD while nost work has focused on behavi oral
tests.

In an attenpt to provide a reliable behavioral test
battery through the use of factor analysis, Domtz and Schow
(2000), admnistered a battery of APD tests to school -aged
children. They named their test battery the Multiple
Audi tory Processing Assessnent (MAPA). VWhile they felt the
MAPA was an appropriate test, tapping into several inportant
areas fromthe 1996 ASHA guidelines, the ceiling effect was
occurring with some of the tests and especially with ol der
chi | dren.

Recently, a revised Beta |Ill version of the MAPA has
been devel oped and recorded on conpact disc. The Beta ||
MAPA i ncludes test information for a Form A and Form B
version of the test. The Beta IIl1 MAPA has all of the sane
tests as the original MAPA plus four nore. These behavi oral

tests are organi zed into three areas (nonaural, binaural,



and tenporal patterns) as recomended by Chernmak and
(nonotic, diotic, and dichotic) as advised by the Bruton
group. In addition, the tests that were prone to the ceiling
effect were nodified so the tasks would be nore difficult.
The specific nodifications to the tests will be described in

the literature review (Appendi x A).



Research Questions
There were two research questions asked in this

st udy.

1. Are formA and formB of the four original tests within
the Beta Il MAPA (nSAAT, PP, DD, CS) and two of the
experinmental tests (SINCA DP) equivalent tests based
on t-tests, frmax, and Pearson correlations?

2. Are the four nodified tests appropriately designed to
overcone the ceiling effects and produce reasonabl e

means and standard devi ati ons?



CHAPTER 1 |

Met hodol ogy

The purpose of this study was to determne if both A
and B fornms of the Beta IIl Miltiple Auditory Processing
Assessnent (MAPA) tests are equivalent. Inproving the
revised MAPA will allow audiologists to evaluate three
i nportant behavioral test areas as described in the 1996
ASHA gui delines and at the Bruton Conference.

Procedures

Partici pants were obtained by working with the
Bl ackf oot/ Snake Ri ver |daho school district audiol ogist.
Initially, all students in the selected classroons received
a consent formto be taken home to the parents explaining
t he purpose of the study (Appendix C. In addition, parents
were asked to conplete a twelve-item checklist based on the
wor k of Shiffman (1999) and Chernmack, Soners, and Sei kel
(1998) to give information on their child s attention and
audi tory behavior (Appendix D). Teachers were also asked to

conplete the sanme scale for each child participating in the



study as a verification nmeasure for the parental report.

Al'l children who returned the consent formwere told
that they could refuse participation |ater, despite parenta
consent. All children, after conpletion of the test, were
asked if they would be willing to be retested. Al testing
was adm ni stered by graduate-level clinicians, certified
audi ol ogi sts, or trained assistants according to ASHA
gui del ines and the guidelines for scoring the original MAPA
The children returning the consent fornms who agreed to
participate were tested in two testing sessions.

During the first test session, the children received a
hearing screening consisting of pure tones, tynpanonetry,
and OAEs. To pass the hearing screening, children had
t hreshol ds of 20 dB HL or better at 1000, 2000, and 4000 Hz.
In addition, immttance testing needed to show conpli ance
greater than .2 m. If this was not shown, the child was
required to pass the hearing screening at 250 and 500 Hz.

A calibrated Maico (MA39) portable audionmeter with
TDH39 headphones, an Earscan imm ttance screener, and a

portabl e Mai co Ero-scan otoacoustic em SSions Screener were
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used to screen each subject’s hearing and m ddl e ear status.
Al l equi pnment was calibrated foll ow ng ANSI gui deli nes.
Daily calibrations on the tynpanoneter were conducted as
wel | as biological Iistening checks on the audi oneter and CD
pl ayers.

Port abl e Lenoxx Sound Mbdel CD-87 conpact digital audio
disc players with digital Koss (URL5) or Optinus Nova-44
stereo headphones were used during APD testing. The
adm ni stering clinicians used nonitoring earbuds or
headphones whil e conducting the testing. The auditory
processing test was delivered to the subject at an
approximate | evel of 50 dB HL. Follow ng the procedures of
Domtz (1997) and Shiffman (1999), and to ensure delivery
consi stency, the volune control of the CD player was fixed
at 75 dB SPL throughout testing to approximate a 50-55 dB HL
presentation | evel as recommended. Since the nonitoring
headphones/ ear buds were used, this |evel was established
with the testing headphones and the additional set of phones
attached to the CD player through a Y-cord.

After the initial hearing screening, each participant
was tested individually for a 30-m nute test battery, using

formA. At the end of the first session, the children
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recei ved McDonal d’s coupons. The follow ng six tests, shown
in the order they are recorded on the CD, were adm nistered.
The tests were adm nistered in the order recorded on the CD
However, the starting order of adm nistration varied between
the children to control for threats of validity involving
subj ect fatigue. This procedure was followed for both forns
A and B (first and second sessions).

3. Monaural selective auditory attention test (nSAAT)

4. Pitch patterns (PP)

5. Di chotic digits (DD)

6. Conpeti ng sentences (CS)

7. Duration patterns (DP)

8. Speech in Noise for Children and Adults (SINCA)

Since this data was going to be coll apsed with a
conpani on study, all the children were given two ot her
experinental tests, a Gap Detection task and the Quick Tap
(described in a conpanion study), as part of the formA
testing procedure.

The second session was conpleted during the foll ow ng
week (elapsed tinme was 7-10 days between tests) with the
children being tested individually for 30 m nutes using the

sanme six tests but fromformB. About half of the sanple (25
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children) were also given the experinental Quick Tap and Gap
Detection tasks. These two tasks do not have nultiple forns.
The reward for the second session was either nore MDonal d' s
coupons or a selection of stickers or small treats.

Al instructions for the tests were pre-recorded on the
CD. Therefore, the clinicians were responsible for
monitoring the CD player through the additional set of
headphones/ ear buds, ensuring correct placenent of the
testi ng headphones, clarifying instructions when requested
by the child, and scoring each response as correct or
incorrect. The CD pl ayer was paused only during school
di sruptions, breaks for the children, and for the
instruction clarification. It was not paused to allow nore
time for the children to respond.

The answer sheets were coded to ensure confidentiality.
To ensure neasurenent reliability, the researcher trained
the clinicians prior to beginning the testing and observed
each clinician at | east once during the research period. The
researcher al so double checked all final score tabul ations
to ensure accuracy.
| nstrunment ati on

The instrunment used included the original four tests
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fromthe Beta Il MAPA as revised, using both forms A and B
Four additional experinmental tests were also included in the
test battery with two evaluated for equivalency in this
study. The MAPA will|l eventually consist of tests in each of
the areas of nonaural, binaural, and tenporal processing
tasks. The determ nation of the tests to be included depends
on the results of this study and a conpani on study. The
nmonaural tests were the nonaural Sel ective Auditory
Attention Test (nBAAT), and the Speech in Noise for Children
and Adults (SINCA). The binaural tests were the dichotic
digits (DD), and conpeting sentences (CS). The tenporal
tests included pitch patterns (PP) and duration patterns
(DP). The results fromtwo experinental tests, forns A and B
of the SINCA and DP, a nonaural and a tenporal task, are
included in this study. The Quick Tap test and the Gap
Detection test were used al so but evaluated in the other
study. The tests are on a conpact disc (CD) recorded by

Audi tec, a mmjor supplier and devel oper of auditory tests in
St. Louis, Mssouri. Al tests are preceded by fornmal
recorded instructions and coincide with the answer sheets.
The adm ni stering clinicians recorded each test based on the

subj ect response or non-response. Answer sheets for forns A



and B appear

i n Appendi x B.
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CHAPTER | I |

Results and D scussi on

To review, there were two research questions asked in

this study.
9. Are formA and formB of the four original tests within
the Beta |11l MAPA (nSAAT, PP, DD, CS) and two of the

experinmental tests (SINCA DP) equivalent tests based

on t-tests, frmax, and Pearson correlations?

10. Are the four nodified tests appropriately designed to
overcone the ceiling effects and produce reasonabl e
means and standard devi ati ons?

This section discusses the noise | evel neasures and
partici pants. Mean scores, standard devi ations, Pearson
correlations, frmax, and paired t-test results were used to
exam ne the equival ency between forns and exam ne any
ceiling effects. In addition, a discussion of the nean
scores, standard devi ations, Pearson correlations, fmax, and
t-test results are given when tests are exam ned in conbi ned

groups of nonaural, binaural, and tenporal tasks.



Noi se Levels

Testing was conpleted in a quiet room provided by the
school. The roons net the noise-level requirenents
recommended by ASHA for the 500-4000 Hz range which is that
noi se should be | ess than 46 dB at 500 Hz, 49.5 dB at 1 kHz,
54.5 dB at 2 kHz, and 62 dB at 4 kHz (ASHA, 1997). Anbi ent
noi se was nonitored using the Quest-188 sound | evel neter
and rechecked when noi se | evel s changed noticeably. At no
time were neasurenents taken that exceeded the ASHA
gui delines. Table 1 shows the recorded noi se neasurenents
for each school conpared to the 1997 ASHA gui del i nes.

Tabl e 1. Recorded noi se nmeasurenents for each school

Hz ASHA School 1 School 2
500 46 dB 33.6 dB 39.0 dB
1000 49.5 dB 25.9 dB 32.5 dB
2000 54.5 dB 21.6 dB 27.0 dB
4000 62 dB 19.2 dB 20.6 dB

Partici pants
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Parent perm ssion forns (see Appendi x C) and auditory
behavi or scal es (Appendix D) were delivered to an |daho
el ementary school in both the Bl ackfoot and Snake Ri ver
school districts. Principals and teachers of the third and
fifth grade classroons were contacted in advance and had
agreed to participate in the study (see Appendix E). The
children were infornmed about the testing and were asked to
have their parents sign the permssion slips and fill out
t he questionnaires. Denographic information gathered from
the parent, child, teacher, and school records included age,
gender, handedness, and whether the child had been di agnosed
with either attention-deficit hyperactivity disorder, speech
or |l anguage problens, learning disabilities, 1Qdeficit or
difficulties wth math, reading, or witing.

Fifty children returned fornms and vol unteered to be
subjects. O these, two were elimnated after the data
col | ection based on cognitive inpairnment and age
considerations. The results for forty-eight children are
included in this study. There were 23 participants from one
school and 25 participants fromthe other. Twenty-five
children in the third grade participated in the study and 23

children fromthe fifth grade were involved. There were 29
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femal es and 19 mal es. Four of the children were | eft-handed.
Table 2 shows a summary of participants in the study by
school and grade.

Table 2. Summary of participants

34 grade 5'" grade Tot a

School 1 23 - - - 23
School 2 2 23 25
Tot al 25 23 48

The subjects canme fromfive third grade cl assroons and
three fifth grade cl assroons and represented a diverse
soci oecononm ¢ status. The mgjority were Caucasi an; however,
several children, not Caucasian, judged by their teachers to
speak English with proficiency (native or near-native
ability), were also included in the study. A division by age
showed ni ne eight-year-olds, 16 nine-year-olds, 13 ten-year-
ol ds, and ten el even-year olds. Al of the third graders
were eight to nine years of age. The fifth graders included
in the study were 10-11 years of age. Al of the results are
exam ned and shown by grade |evel and thus grouped in two
age groups (8-9, 10-11).

Partici pation was dependent on the return of the
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parental consent formand the passing of a pure-tone hearing
screening for both ears. An inmttance and
el ectrophysi ol ogi cal screening (O oacoustic em ssions or
QAE) was performed on each child to gather information that
m ght clarify el ectroacoustic and APD rel ati onshi ps. The
absence of em ssions alone did not elimnate subjects. Two
of the children were found to have “refers” in the left ear
on CAE. Both al so showed type B tynpanograns. However, both
passed the hearing screening in the left ear which included
250 and 500 Hz. Therefore, no children were elimnated from
the test due to the hearing screening.

All children in all classroons where the principals and
teachers agreed to participate were given the parental
consent formto have conpleted and return. Children were
included in this phase of the study randomy and as part of
a |larger data gathering on the MAPA. All children in each of
the classroons who qualified were tested. No speci al
consideration in choosing participants was given to factors
such as academ c performance or teacher recommendation
however, children were excluded due to a known di agnosi s of
mental retardation or limted English proficiency. These

data were gathered after testing was conpleted. One child
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was found to have a cognitive inpairnment (1Q< 70). In
addition, there were two children who fell outside the 8-11
age range selected for this study. One of these children was
the child with the cognitive inpairnment. Thus, these two
test results were not included in the study and the sanple
si ze was dropped to n=48.

Children with a diagnosis of ADHD woul d not have been
excluded fromthis study since they are part of the general
popul ation for which the MAPA nay be used to screen for APD.
None of the children in this sanple had this diagnosis.
Three children had a diagnosis of |earning disorders. O
these three, one child received speech and | anguage
services. The other two children both received additional
services as part of their Individual Education Plan (IEP)
Both received services for reading and witing, and one
student for math.

Question 1
Statistical analysis of nmeans and standard devi ations

Means and standard deviations for forns A and B of the
nmonaur al tasks nBSAAT and SINCA are shown in Table 3. The
results are shown by ear and by age group. Mean nonaur al

NMSAAT scores were generally in the range of 10-12 out of 25
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itens, or about 40-50% The nmean scores for the fifth
graders were slightly higher (1 or 2 itens) than for the
third graders on both fornms as expected. A t-test showed a
mean difference of .4 between the left and right ear nean
scores (p=0.381) for formA FormB showed a nean difference
of .5 between ears (p=0.313). Since there was little
di fference between ears, it seened reasonable to conbine
both scores for the |left and right ears for one overal
monaur al score for each grade. On the nSAAT, the overal
mean score out of 50 itenms for third graders was 23.5 for
formA and 21.3 for formB. For the fifth graders, the
overall score was 24.2 for formA and 23.6 for formB. The
fmax test was used to determne if any differences in
standard devi ations were significant. There were not any
significant differences in standard deviations for any nBSAAT
task (p>0.05).

The SINCA shows scores as Signal to Noise Ratios (SNR
with | ower scores indicating better performance on the test.
There are 24 test itens for each ear. A nore conplete
description of the test and the scoring procedure is given
inthe literature review. In general, the |owest score would

be a SNR of 0. Oiginally, scores were tallied wthout
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giving the children any practice itens, thus including all
24 itens. Initial results showed poorer nean scores on the
first test that were not shown on the other tests,
suggesting a need for practice itens to ensure that the
chil dren understood the task. Thus, the first four itens on
each ear were used as practice itens and the scoring was
conpleted on the final 20 itens.

The mean scores using the 20 itens were between 5-7 for
third graders and between 3-6 for fifth graders, which was
consistent wth the expectation that SNRs woul d get better
(lower) as children get older. At-test showed a nean ear
difference of .1 for formA (p=0.794). Since little
di fference was found between ears, scores were sumed for a
conbi ned nonaural SINCA form A score. For formB, there was
a mean ear difference of 1.8, with the left ear being the
poorer ear (p=0.000). Wile this nmean difference is
statistically significant, the scores for formB were al so
conbined in order to be used as a conparison. The third
graders showed 5.6 SNR for formA and 5.8 for form B when
conbi ned. The fifth graders showed a conbi ned nean score of
3.8 SNR for formA and 4.2 SNR for form B. These findi ngs

i ndicate an inprovenent of 1-2 dB between the two grades.
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For the standard deviations, the frmax ratio results
showed significant differences at the .05 |l evel for the
conbi ned SI NCA score for third graders as well as the right
SI NCA and conbined SINCA for fifth graders. However, these

findings were not significant at the .01 |evel.
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Tabl e 3. Means, standard deviations, and frmax ratio for
monaur al tasks for right, left, and both ears conbi ned
**indi cates significance at p<0.05

G ade Test Ear Form A Form B fmax ratio
3¢ NBAAT R | _ 11.8 11. 3 1.17
(8-9 SD 2.4 2.6
years)
NBAAT L | 11.6 10.0 1.46
SD 2.4 2.9
n=25 | SINCA | R |_ 5.6 5.1 2.17
SD 2.8 1.9
SINCA | L | _ 5.7 6.4 1.09
SD 2.4 2.3
NBAAT | Both | 23.5 21.3 .79
SD 4.0 4.5
SINCA | Both | 5.6 5.8 2.86%*
SD 2.2 1.3
5" NBAAT R | _ 12. 4 11.6 1.74
(10-11 SD 3.3 2.5
years)
NBAAt L | 11.8 12.0 1.35
SD 2.5 2.9
n=23 | SINCA | R |_ 3.8 3.0 2. 66%*
SD 3.1 1.9
SINCA | L | _ 3.9 5.4 1.22
SD 2.1 1.9
NBAAT | Both | _ 24.2 23.6 1. 20
SD 4.6 4.2
SINCA | Both | 3.8 4.2 2. 65%*
SD 2.3 1.4

The bi naur al

tasks (CS and DD) are shown in Table 4.

The hi ghest possible score for the CS task was 30 itens
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correct in each ear for a total score of 60. The CS scores
are shown for the individual ears and as a total score for
both ears. The third graders denonstrated a nmean score in
each ear between 11-13 with no apparent systematic

di fferences based on formor ear. A t-test showed that nean
di fferences between ears was not significant for either form
A or formB (p=0.819 and p=0. 644 respectively). Again, a
nonaur al conbi ned score was devi sed whi ch showed a nean
score of 23.9 for formA and 22.3 for formB. The fifth
graders showed a total nean score of 28.3 for formA and
27.1 for formB. As before, a slight inprovenent was seen in
the mean score for ol der subjects. The fmax ratios for
standard devi ati ons do not show any significant differences
on the binaural tasks of CS or DD (p>0.05).

For the DD task, two different scoring nethods were
used. One procedure cal culated the total score out of 120
possible itens correct, repeated in a free recall condition.
The ot her nethod | ooked at scores for the itens in the right
and | eft ears correctly repeated by ear as directed. For
formA, the third graders scored between 24-26 itens correct
out of 60 total itens for the left and right ears. The fifth

graders scored between 27-31 itens correct for the left and
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right ears. A t-test showed the nean difference between ears
to be 2.25, which was not statistically significant
(p=0.13). For formB, the scores ranged between 27-30 for
the third graders and 34-38 for the fifth graders. The t-
test showed a nmean difference of 2.42, or 4% which was not
significant at the .01 |level (p=.041). Using this scoring
procedure, an ear difference is not judged to be clinically
rel evant.

Neijenjuis, Snik, Priester, van Kordenoordt, and van
den Broek (2002) tested children ages 9-12 on a simlar
dichotics digit task. Their procedure allowed for a free
recall condition with scores reported for only the right and
only the left ear as well as a total score, regardl ess of
the order the nunbers were repeated in. In this condition,
Neijenjuis et al. showed a right ear advantage in scores
with the nean difference in scores at 10% (p<0.001). This
ear difference was not shown with the scoring procedure used
inthis study, |likely because ears were not scored
separately in the sane manner

Results are shown in Table 4 for the total scores
calculated in the free recall condition. The younger

subj ects had nean scores of 70.2 for formA and 78.5 for
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formB. As expected, the fifth graders again showed hi gher
mean scores at 79.2 for formA and 89.8 for formB in the DD
task as conpared to the third graders. There is an

i nprovenent of neans scores in both groups fromformA to
form B ranging fromabout 9-11 itens. As a group, the third
and fifth grader nean scores are between 58-75% for DD. This
percent score is very simlar to the 60-72% range of total
mean scores found by Neijenhuis et al. (2002) for the group
of children from9-12 years. They found the nmean score to be
about 65% for this age group, which would be simlar to the
9-11 year-olds in this study.

Tabl e 4. Means, standard deviations, and frmax ratio for
bi naural tasks **indicates significance at p<0.05

G ade Test Ear Form A Form B fmax ratio
3¢ CS R | _ 12. 4 11.2 1. 60
(8-9 SD 4. 3.8
years)
(O L _ 11.4 11.1 1.13
SD 4.7 5.0
n=25 CS Both | 23.9 22.3 1.34
SD 8.9 7.7
DD Both | 70. 2 78.5 1.46
SD 13.8 16. 7
5" CS R | _ 13.7 13. 3 1.72
(10- 11 SD 3.8 2.9
years)
CS L | 14.6 13. 8 1. 10
SD 4.0 4.2
CS Both | 28. 3 27.09 1.19
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n=23 SD 7.3 6.7
DD Both | 79. 2 89. 83 1.45
SD 16. 3 13.5

The tenporal tasks included PP and DP. The total score
possi ble for each task was 20 itens correct. Table 5 shows
that the nmean scores for the third graders were | ower than
for the fifth graders. This again shows the inprovenent by
age that woul d be expected. The scores for third and fifth
graders range from 35-66% so the ceiling effect is clearly
not occurring in this sanple. This was a concern for PP on
the previous MAPA, especially with the fifth graders.

The lowering of scores is consistent with the fact that
both the PP and DP tasks now i nvolve a series of four tones
rather than three. In addition, reversals were not scored as
correct, as was the protocol for the previous MAPA. This was
al so done in order to avoid a ceiling effect. However, when
examning the full data set, including the data in a
conpani on study to establish tentative norns, a score of 2
SD bel ow t he nmean was not possible in PP since this was a
negative nunber. Thus it appears that not scoring reversals
as correct mght be too stringent for this young age group

(8-11 years). On the scoring protocol, many of the reversals
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were marked on the fornms but not originally scored as
correct. The PP portion was re-scored with reversals as
correct. The outcome of this change in scoring and the
tentative norns for the PP task are discussed in a conpanion
study. For now it appears that reversals will be scored as
correct, at |least for the younger subjects, although this

change is not reflected in the nunbers reported here.
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Tabl e 5. Means, standard deviations, and frmax ratio for
tenporal tasks **indicates significance at p<0.05
G ade Test Form A Form B fmax ratio
3¢ PP 3 11. 4 11.8 1.03
(8-9 SD 6.3 6.2
years)
n=25 DP _ 7.3 9.0 1.22
SD 4.8 5.3
5" PP 3 12.5 13.2 1. 04
(10-11 SD 5.4 5.5
years)
n=23 DP B 11. 6 12. 4 1. 09
SD 4.7 4.5

T-test exam nation of neans
The paired t-test is used to conpare the neans of

scores for related sanples such as the tests on formA and B
when given to the sane individuals. It is used to determ ne
if the differences in neans between forns are significant.
The use of a t-test indicated that there was not a
significant difference on eight of the tests. However, the
NMSAAT conbi ned test showed a significant difference at the
.05 | evel

(p=.043) and three tests, including the SINCA | eft

ear (p=.008), DD (p=.000), DP (p=.002), were found to be

significantly different at the .01 level. The results of the

paired t-test are shown in Table 6.
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Table 6. T-test results for tests on formA and B
**indi cates significance at .05 [ evel *indicates
significance at .01 | evel N=48; df=47

A/B formtest Si gni ficance
NSAAT-r i ght . 190
NSAAT- | ef t . 118

NSAAT- ears conbi ned . 043**
SI NCA-ri ght . 197

SI NCA- | ef t . 008*

SI NCA- ear s conbi ned . 439
CS-right . 051
CS-left . 279

CS- ears conbi ned . 071
DD . 000*

PP . 217

DP . 002*

For the conbi ned nSAAT score, a .05 | evel of

significance in the means for forns A and B is shown by a
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di fference of about two words on a 50-word task, not a | arge
practical difference. The .01 level of significance on three
tests (SINCA left, DD, DP) m ght be taken to indicate a need
for greater equival ence on these tests. The differences,
however, in ternms of practical testing considerations do not
represent very large actual score discrepancies. The |left
ear SINCA results between form A and B show a nean
difference of |ess than one word out of 20 given. A practice
ef fect does not account for this because the formB results
are poorer. So it would seemto be a matter of harder itens.
However, even though the practical difference is small, the
itens on both fornms of the SINCA will be under revision in
future research to find tests that show better correl ations
and |l ess nmean differences as discussed in the correlation
section.

It appears in the other two cases (DP and DD) that a
| earning effect could explain the difference since the order
of A and B were not random zed and form A was al ways gi ven
first. In these two tests, there are either limted or no
practice itens recorded on the CD for fornms A and B. Thus,
it seens likely that the differences indicate a |earning

effect wwth better scores on the second test (form B).
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The mean difference between A and B fornms for DP
i nvol ves only about two itens on a 20-itemtask. It is
al nost inpossible to explain this difference on the basis of
items since 17 of the 20 itens on both tests are absolutely
i dentical except for the random zed order. Anong the
remai ning three different itens of formB (LSSS, LSSL, and
LSLS), one actually matches a simlar pattern of formA
(LSSS on formB matches LLLS on formA). Further, the
remai ning itens do not appear that different. More practice
prior to starting the DP task may be indicated since
currently there is only one practice item

The percent difference on DDis simlar to DP in that
it involves a difference of 9-11 itens on a task of 120
itens. It seenmed that the use of the first 12 itens on both
tests for practice items mght have elimnated this score
difference while only reducing the scored itens to 96.
However, when this was cal cul ated, the correl ation between
tests remained the sane as well as the t-test significance
of p=0.000. Wen the difference between nmeans was divi ded by
the total nunber of itens, the percent difference only
changed from7.5%to 7.3% w th the recal cul ati on. Thus, not

counting the practice itens did not inprove the nean



33

di fference between forns. Since both forns use the sane
eight digits, it does not seem possible that form A could be
harder than formB. It seens nore likely that |earning
occurs and that nost people will performbetter in the
second testing session.

However, when considering both DD and DP, it is
not ewort hy that even though there are nean differences, this
may not be a serious concern since the strong correl ations
between A and B forns for DD (r=.69) and especially DP
(r=.85), as shown in Table 7, nevertheless indicate that the
forms are highly related. Mddest adjustnents in practice

itens for DP could be consi dered.
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Correl ati ons between forns

Correl ati ons between the A and B forns for the
i ndividual tests are shown in Table 7. Wen | ooki ng at nSAAT
and SINCA, the correlations ranged from.17 to .28 and are
di sappointingly low as well as not statistically
significant. However, the correlation for conbined ear
totals for each of the nonaural tasks, NnSAAT and SI NCA
showed that the two forns are related nore strongly when
conbined (.37 to .40). These correlations are statistically
significant, but still only noderate in magnitude. For DD
CS, DP and PP, the correlations ranged from .69 to .89 and
are very acceptable as well as statistically significant.
The correlations show that forns A and B of all tests are
significantly rel ated, either when | ooked at by ear or, for

nSAAT and SI NCA, when ears are conbi ned.
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Tabl e 7. Pearson correlation between test fornms arranged by

strength of correlation.

correlation at

.05 | evel

N=48 **indi cates significant

A/ B formtest Correl ation
PP . 89 *
DP . 85**
CS- ears conbi ned . 78**
CS-left L T74x*
CS-ri ght L T1**
DD . B9**
NSAAT- ears conbi ned . 40**
SI NCA- ear s conbi ned L 37**
SI NCA-ri ght . 28
NSAAT- | ef t . 26
SI NCA- | ef t . 26
NSAAT-r i ght .17

The di sappointing results on the SINCA led to item by

itemanalysis on the formA test/re-test, which was exam ned
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in a conpanion study. The nost reliable half of the SINCA
items for each ear was given a double weighting for scoring.
These changes noved test-retest correlations from.2-.3 to
.5-.53. Thus, sone inprovenent in this test nay be possible,
whi ch woul d alter the nmean scores as well. Eventually, the
two reliable halves of the right and left ear SINCA itens
will be conmbined into one task for one ear on formA.
Simlar work wll be done with the words on formB to
provide a reliable task for the other ear on form A \Wen
this is conpleted, nore testing will be done to see if the
changes inprove the correlations. If it is successful, a
simlar procedure will take place to provide the SINCA itens
for form B.

Monaur al , binaural, and tenporal tasks

As has been discussed, the final MAPA will contain
tasks in the nonaural, binaural, and tenporal areas. It is
of interest to | ook at the nmeans, standard devi ati ons,
correlations, and t-test results when these tasks are
conbi ned. The nonaural tasks are the nSAAT and the
experinmental SINCA. The binaural tasks are CS and DD. The
tenporal tasks that were conbined here are PP and the

experinmental Quick Tap test. The Quick Tap, an experi nental
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task with only one version, is described and examned in a
conpani on study. As nentioned previously, the Quick Tap,
while given to all 48 subjects during formA, was only given
to 25 subjects during formB. However, the results of the
conpani on study suggest that the Quick Tap correl ates well
with the PP task so it is included in this portion of the
st udy.

Tabl e 8 shows the neans, standard deviations, and t-
test significance for the conbi ned nonaural, binaural, and
tenporal task scores. It also shows a conposite score of al
t he tasks. The nonaural tasks show a nean difference of 1.7
between fornms (p=0.052). The |ow significance is not
surprising considering the issues that have al ready been
di scussed concerning the SINCA. Again, when the practi cal
difference is considered, nearly 2 itens out of a conbi ned
total possible score involving 70 itens does not seemto be
a matter of |arge concern (2% of total score). The binaural
tasks present with a nean difference of 8 itens between the
two fornms, which is significant at the .01 | evel (p=0.000).
This is also not surprising considering the apparent
| earning that seens to occur when the DD task is taken a

second time. This difference represents 5% of the total
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score possible. The tenporal tasks only show a .4 nean

di fference between fornms (p=0.727). This result using the
Qui ck Tap conbined with the PP is very encouraging. It is
al so encouraging to see a nean difference in the conposite
score of only 3.7 (p=0.340). Thus, when the test is | ooked
at as a whole, there is not a significant difference in the
scores between formA and formB. In addition, the fmax
ratio shows that there is not a significant difference in

t he standard devi ati ons bet ween forns.



Tabl e 8. Means,

standard devi ati ons,
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t-test significance,

and fmax ratio for conbi ned nonaural, binaural, and tenpora
tasks *indicates significance at .01 | evel
Tests Form A Form B Sig. f max
ratio
monaur al _ 39.1 37.4 . 052 1.19
n=48 SD 5.9 54
bi naur al _ 100.5 108.5 . 000* 1.18
n=48 SD 19. 4 21.1
t enpor al _ 34. 2 34.6 127 1.04
n=25 SD 11. 4 11.6
Conposite | 168.5 172.2 . 340 1.33
Tot al SD 27.0 31.1
n=25

The correlations for these tasks are shown in Table 9.

All

statistically significant.

shows a noderate but acceptable |evel

bi naur al

and tenpor al

The nonaur al

of correl ati on.

of the conbined tests show correl ations that are

correlation of .46

The

t asks show very high correl ations

bet ween . 81-90. \Wen the conposite scores are exam ned,
there is a high and very acceptable correlation of .79.

Table 9. Correlations for conbi ned nonaural, binaural, and

tenporal tasks **indicates significance at .05 | evel

A/ B formtest Correl ation

nmonaur al . 46**




bi naur al . 81**
t enpor al . 90**
Conposite Tot al L 79**

40
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Question 2

This section conpares the neans and standard devi ati ons
of four tests, nBAAT, CS, DD, and PP on the current MAPA
conpared to previous MAPA versions. This wad done to
determne if scores conpare favorably to previous versions
and to see if the ceiling effect was overcone, which was a
concern in the previous MAPA. The tasks that were nodified
for the Beta Il MAPA to make themnore difficult include
CS, DD, and PP. The nSAAT was nodified between the first two
Beta versions of the MAPA

The scores are shown as percent neans and standard
deviations in Table 10. The present third grader scores are
conpared to the scores found by Domtz (1997) wth the Beta
| version of MAPA. The present fifth grader scores are
conpared to the scores of Shiffman (1999) with the Beta |
version of MAPA. Part of the nodification for the Beta I
MAPA i ncl uded presenting PP binaurally. Thus there is only
one score for each grade to conpare to the two tasks shown
by the previous MAPA. In addition, the current scoring
procedure used for DD did not show significant differences
by ear, as discussed previously. Thus, the total percent
score is conpared to the previous right and | eft ear scores.

The nmeans and standard devi ations for the present study,
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whil e not displayed in percent format, are also shown in
Tables 3, 4, and 5.

Tabl e 10. Percent neans and standard devi ati ons conpared for

Beta |, Il, and |11l version of the MAPA
Test Third grade Fifth grade
Beta | present Beta I present
NSAAT- R _ 65.9 47. 4 78. 33 49. 6
SD 10. 26 9. 64 10. 98 13. 25
NSAAT- L _ 61. 09 47. 6 77.0 47. 13
SD 11. 53 9. 44 7.65 10. 02
PP-R _ 78.0 57.2 97.98 62. 61
SD 21.1 31.7 3. 44 26. 96
PP- L _ 81.7 97. 68
SD 20.5 2.3
DD- R _ 92.3 58.5 95. 63 65. 98
SD 7.8 11. 49 5.55 13. 57
DD- L _ 78.8 90. 63
SD 15.5 8. 80
CS-R _ 89.8 41.5 98. 33 45. 8
SD 13.4 15. 93 5.77 12. 68
CS-L _ 68.1 38.1 99. 17 48. 7
SD 23.5 15.5 2.89 13.4

The mean percent scores for all tasks are lower in the
present study conpared to the other versions of the MAPA for
both third and fifth graders. The |l ower scores in PP and DD
can be expl ained by increased difficulty of the tests (four
series tones for PP and digit triplets for DD). The | ower

scores in CS can be expl ained by the change in instructions
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whi ch ask for both sentences to be repeated instead of one.
The Beta II1l1 nBAAT is different fromthe Beta | version,
whi ch woul d expl ai n sone of the changes. The Beta || nBSAAT
is the sane test. However, the sanple size for the Beta I
MAPA data was | ow and only contained 12 subjects.

The results from Table 10 indicate that the ceiling
effect was clearly not occurring on any of the original
tasks with the Beta Il MAPA. The current scores, while
| oner than the other versions, are still considered

reasonabl e for these age groups.



CHAPTER | V

Summary and Concl usi ons

The purpose of this study was to determine 1) if forns
A and B of the Beta |1l MAPA were equivalent and 2) if the
nodi fications made to sonme of the tasks were sufficient to
overcone the ceiling effect and produce reasonabl e neans and
standard deviations for the Beta Ill version of the MAPA

Means, standard devi ations, Pearson correl ations, and
t-tests were used to exam ne the scores for the first
question. First, the individual scores of nSAAT, SINCA, DD
CS, PP, and DP were exam ned. The scores as groups of
monaur al , binaural, and tenporal tasks as well as a
conposite score were also examned for the entire test.

When | ooked at individually, the two fornms for the
i ndi vi dual ear nonaural tasks nBSAAT and SI NCA do not
correlate in a significant manner. However, when the ears
are conbined, the forns are nore strongly rel ated and
statistically significant (.37 to .40). The results of the
paired t-tests show that the nean differences on formA and

B scores are not significant, either when | ooked at by ear
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or when conbi ned. As conbi ned nonaural tasks, the nmsAAT and
the SINCA show a correlation of .46, which is noderate in
magni tude, but statistically significant. Thus, these forns
are passably acceptable to use as equivalent fornms. However,
to inprove the correlations, the SINCA task wll be nodified
and studied through future research. This future research
will determne final formequivalency in the nonaural tasks.

The bi naural tasks, CS and DD, show correl ations
between .69-.78 for forms A and B. This shows an acceptabl e
rel ati onship between fornms for both tasks. The paired t-test
showed significant nean differences between the scores on DD
for formA and B. However, these differences seemto be
attributable to | earning that occurs on this task. As
conbi ned binaural tasks the correlation between forns is
.81. This shows that on binaural tasks, the forns are highly
related and exhi bit good equival ency. The t-test for the
conbi ned bi naural tasks shows a significant difference in
means, but this is again probably due to the |earning on DD
as descri bed.

The tenporal tasks, PP and DP, show t he hi ghest
correl ations between fornms at .89 and .85 respectively. This
shows a strong rel ationship and good equi val ency between

forms. The DP does show a difference between nean scores
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that is significant at the .01 I evel (p=0.002). The reason
for this is not well understood since the majority of the
itenms between formA and B are the sane and only presented
in a different random zed order. The percent mean scores
range from about 57-66% on the PP task and 37-62% on the DP
tasks. Thus the ceiling effect is clearly not occurring in
this sanple. For the PP task, it was necessary to score
reversals as correct for the younger subjects in the sanple
(8-9 year-olds) in order to establish tentative norns.
Reversed itens on the DP tasks were not scored as correct.

A conbi ned tenporal task score was found using the PP
and the experinental task, Quick Tap, as suggested by a
conpani on study. The correl ation between fornms was . 90,
whi ch shows a high rel ationship and good equival ency. In
addition, the difference between nean scores was not
significant (p=0.727).

These findings show that correlation between forns is
best on binaural and tenporal tasks with sone nean
differences on fornms A and B scores which are probably
attributable to a learning effect. Therefore, reasonably
good form equi val ency was found. The nonaural tasks show the
| onest | evel of significant correlations between forns.

However, work is being done on at |east one nonaural task to
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i nprove future correlations. For now, all tests on both
forms denonstrate at | east some neasures of equival ency.
Future research will determne if changes to nonaural tasks

will inprove correlations and form equival enci es.



APPENDI X A

Literature Revi ew

In recent years, many have pronoted the necessity of
havi ng good screening tools and di agnostic neasures for APD.
In order to achieve this, the instrunents used to screen and
di agnose APD shoul d have good validity and reliability. The
wor k Schow and Domtz (2000) did on the original MAPA wth
factor analysis results on four behavioral tests, showed
that the MAPA yields a reasonable three or four factor
structure for neasuring APDs. Wth the two forns of the Beta
1l MAPA, it is inportant to re-establish the validity and
reliability. Cacace and MFarl and (1995) encouraged
researchers to give the necessary attention to test
reliability and to change factors that have resulted in poor
reliability in past APD tests. This chapter will include a
di scussion of test equivalency, and factor analysis. It wll
al so give a description of the MAPA tests as well as the
changes made to the Beta Il MAPA. Finally, it will discuss

other tests and protocols currently being used or



r esear ched.

Test equi val ency

Equi val ent or alternate forns of tests are used for two
mai N purposes. One purpose is to show test reliability.
Alternate test fornms show equival ence and reliability when
the two forns show sim |l ar nmean perfornmance by the group of
subj ects and high correl ation between the two forns.
Anastasi (1982) states that “The correl ati on between the
scores obtained on the two forns represents the reliability
coefficient of the test” (p. 111). Anastasi (1982) also
urges that the two forns are indeed parallel in terns of
difficulty, format, tinme, etc. Wen the forns are found to
be equivalent and highly correlated, then alternate forns
are useful for many test purposes.

Many testing situations require alternate forns. For
exanple, if a test needs to be re-adm nistered after a short
time interval, information on specific test items wll not
be available. Alternate forns can also be used in follow up

studies or to neasure subject learning. In the case of the
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Beta Il MAPA, the two forns can be useful to neasure the
progress in the treatnent of APDs.

“Ideally, alternate forns of a test are interchangeable
in use” (Anerican Psychol ogi cal Association, 1985, p. 31).
In this situation, it would not matter whether formA or B
is used. Inits final form the alternate forns of the MAPA
shoul d be able to be used interchangeably.

Factor anal ysis

Factor analysis is another tool that can be used to
hel p define precise areas within APD. According to Schow and
Chermak (1999), “In addition to testing nodels of central
auditory processing and CAPD to establish their construct
validity, factor analysis of central auditory performance
scores provides an inportant nethod by which we can group
the underlying deficits that purportedly conprise CAPD" (p.
141) .

In an attenpt to provide a reliable screening tool with
factor analysis results, Domtz and Schow (2000),
adm ni stered a battery of four behavioral APD tests to
school -aged children. The test battery was sel ected
followi ng Musi ek & Chernmak’s 1994 suggestions. The test

battery was naned the Multiple Auditory Processing
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Assessnent (MAPA) and included the follow ng: nonaural
Selective Auditory Attention Test (nBAAT), Pitch Patterns
(PP), Dichotic Digits (DD), and Conpeting Sentences (CS).
Factor analysis on the four tests showed that they | oaded
into four distinct categories, which Domtz and Schow naned.
The nBSAAT scores | oaded into one factor which they called
nmonaur al separation/closure (MSC). The PP scores | oaded into
anot her factor which was called auditory pattern/tenporal
ordering (APTO . The |oading factor for the DD scores
i nvol ved binaural integration (Bl). Finally, the CS scores
constituted tasks requiring binaural separation (BS). Domtz
and Schow determ ned that three of the nost common and
i nportant ASHA 1996 test categories were represented in this
test battery (binaural dichotic tasks, nonaural tasks, and
tenporal tasks). Binaural interaction, speech recognition,
and |l ocalization/lateralization were within the ASHA
categories but not represented in the MAPA. Nevert hel ess,
they felt that the MAPA was an appropriate test according to
the 1996 ASHA gui delines and nore work woul d be needed to
denonstrate the need to test in the |ast three areas.
MAPA concer ns

VWil e much work has been done on the MAPA, MFarl and
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and Cacace (2002) stated concerns with the MAPA that they
felt required further research. One area is to determne if
the MAPA actually tests distinct aspects of CAP as suggested
by the factor analysis. They nentioned the research done by
Domtz and Schow (2000), on the factors shown in the SCAN as
conpared to the MAPA. Domtz and Schow (2002) reported that
t he SCAN showed two | oading factors in contrast to the one
factor reported by Anpbs and Hunes (1998). Schow et al.

(2002) agreed that further research needs to be done on the
MAPA in the area of factor analysis. The purpose of the
further research al so includes gathering tasks for the MAPA
battery that test as many areas as possible that are
described in the 1996 ASHA docunent. Schow et al. nentioned
the desire to have a battery with a nunber of tests for each
of the underlying traits of auditory processing.

McFarl and and Cacace (2002) al so questioned the
auditory-only tasks on the MAPA. They felt that this limted
the ability to distinguish auditory-specific effects from
nore general aspects, such as cognition. They felt that if
the tasks truly do neasure auditory only aspects, these
tasks should not be able to predict performance on ot her

sensory tasks. In an earlier article Cacace and MFarl and
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(1998) stated that “the primary deficit with CAPD shoul d be
mani fested in tasks requiring the processing of acoustic
i nformati on, and should not be apparent when sim|lar types
of information are processed in other sensory nodalities”
(p. 356). Schow et al. pointed out that they were cautious
to only use auditory tasks rather than involving the other
senses, such as vision. However, they invited further
research to be done in this area.
Test Description

The Beta |1l MAPA contains four tests fromthe original
MAPA. The four tests are the nSAAT, a nonaural task, DD and
CS, binaural tasks, and PP, a tenporal task. The fi nal
version of the MAPA will eventually contain at |east two
tasks in each of the nonaural, binaural, and tenporal areas.

The Sel ective Auditory Attention Task (SAAT) was a
bi naural test devel oped by Cherry in 1980. The test requires
the individual to listen for the primary stinuli (words
selected fromthe Wrd Intelligibility by Picture
| dentification or WPI |ist) which are enbedded in conpeting
background noi se. The earlier MAPA and the Beta Il MAPA use
a nonaural version of this test with both the stimulus and

t he conpeting noise going to the sanme ear. Thus, in these
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test batteries, the test is referred to as nSAAT. The nSAAT
contains 25 itens per ear. The test tine, including
instructions, is approximately three mnutes for each ear
for a total of six m nutes.

The Pitch Pattern test (PP) introduced by Pinhiero in
1977, randomy introduces high and low pitch qualities in a
three-tone series which nust be identified. WIlleford and
Burl eigh (1985) reported that the test allowed nmultiple
response nodes. The subjects could verbalize, hum sing, or
manual |y point (high or low to make their responses. The
current protocol also allows this nultiple response node.
This is not stated explicitly in the instructions recorded
on the CD as nodeling different response nodes m ght only
confuse sone of the children. Instead, the instructions were
kept sinple and all kinds of responses were allowed. It was
found that sonme of the children would naturally sing their
answers. Later testing can explore hummng or singing if
necessary. The changes in the PP task for the Beta Il NAPA
wi |l be discussed in the next section.

The Dichotic Digits test (DD) introduced by Misiek in
1983, presents four nunbers sinmultaneously to the |istener,

two in each ear. The subject is required to repeat all four
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nunbers aloud in a free recall manner. The order the nunbers
were repeated was not taken into account when scoring DD
The Beta |11 MAPA has presentation changes as well as a
revised scoring procedure for DD. These changes w |l be
di scussed in the next section.

The W1l eford Conpeting Sentences test (CS) presents
two sentences, one to the right ear and one to the left ear,
concurrently. The subjects only repeated the left or right
ear sentence as directed while ignoring the opposing ear.
There have been instruction changes in the Beta |11 MAPA for
the CS task that will be discussed in the foll ow ng section.
Changes to the MAPA

The revised version of the MAPA (Beta Il MAPA) has
been devel oped and recorded on conpact disc (CD) by Auditec
of St. Louis. The revised MAPA includes test information for
a formA and formB version of the test. As nentioned, the
current MAPA has the sane tests as the earlier version. Sone
changes have been nmade to nake the tasks nore difficult in
order to avoid the ceiling effect that was occurring with
the MAPA and ot her APD tests. For exanple, Neijenhuis,
Stol Il man, Sni k, and Broek (2001) reported on a battery of

tests that included pitch and duration pattern tests. They
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al so found the ceiling effect was occurring on these tests,
dependi ng on the age of the subjects.

There are variations on three of the Beta |11 MAPA
tasks. One variation is on the CS task. In his early work on
conpeting sentences, Wlleford (1978) nentioned the
possibility of testing the patients’ ability to repeat both
sentences. He said that in this case, both sentences should
be presented at the sane testing level of 50 dB HL. He
reported that normal adult subjects should be able to do
this task easily. The Beta Il MAPA, follow ng this advice,
required the subjects to listen to the two sentences
presented simultaneously in the left and right ears and
repeat both sentences. They were directed to repeat either
the right or the left ear first (Chermak, personal
communi cation, March 5, 2003). In the Beta |1l MAPA, which
i ncl uded 15 sentences for each ear, the instruction and test
time was approximately three mnutes for each ear for a
total of six mnutes.

The dichotic digits task has been nodified to present
nunber triplets in each ear instead of two nunbers. The
subjects were directed to repeat itens fromthe right ear

first for ten itens and fromthe left ear first for the
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other ten itens as recomended by Moncrieff and Misi ek
(2002). They recommended the directed response node because
it would control attentional strategies and m ght provide
informati on about laterality. This will be discussed in nore
detail in the section containing results fromother test
batteries. Scoring for DD was done in two ways in the
current research. The first way was a total score for al
correct nunbers in a free recall situation. The other way
provided a score for the right and left ear itens repeated
first as directed. Thus, the order that the subjects
repeated the nunbers was taken into consideration in the
alternate scoring procedure. In the Beta Il MAPA, this task
t ook approxi mately four m nutes.

The final task variation was with the PP task. The main
difference was that four tones of high and | ow pitches
interm xed were presented instead of three tones to make the
test nmore difficult. In the original MAPA, the scoring for
PP al | owed exact reversals, such as high-lowhigh in the
pl ace of | ow high-low to be scored as correct. The scoring
of the PP task was initially changed to avoid the ceiling
effect. In this change, reversals of the tones were not

scored as correct in the Beta Il MAPA. Later, when



58

examning the results, it was found that the scores for the
younger children were very low. The scoring was nodified to
count reversals as correct. This inproved the scores, at
| east for the 8-9 year olds. Currently, reversals wll be
scored as correct, at |least for the younger children. The
final PP change is that there are now twenty total PP tasks
given binaurally instead of the thirty itenms used previously
for each ear. Statistical analysis was done on the data
gat hered by Domtz and Schow (1997) with regard to the
nunber of pitch pattern itens needed. The anal ysis showed
that each itemin the list was equivalent to any other item
internms of difficulty. The correlation between 15 and 30
tasks was .92. The correl ation between 20 and 30 tasks was
.96. Thus, the results showed that twenty itens were
sufficient to provide a reasonably valid score. The test and
instruction time for this task on the Beta |1l MAPA was
approxi mately four m nutes.
Experimental tests

There were four experinental tests recorded on the CD
of the Beta Il MAPA that were examned in detail by a
conpani on study. Two of these tests, the Speech in Noise for

Children and Adults (SINCA) and duration patterns (DP) have
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a formA and B. Thus, their neans, standard devi ations, and
correlations were examned in this study. A description of
these tests foll ows.

The SINCA is a nonaural task given to the right and
| eft ears. There are 24 total words to be repeated, which
includes the first four words that were eventually found to
be better when not scored, but used as practice itens. There
is a four-speaker babble in the background that gets
progressively louder by 4 dB after each set of four words.
Thus, the practice words are at +20 dB conpared to the four
speaker babble. For the last four words at the end of the
task, the babble and signal words are at the sane |evel.
Scoring was conpleted by taking the total nunber right out
of 20 (excluding the practice itens) and subtracting this
nunber from 18 to get the signal-to-noise ratio (SNR)

A variation of this strategy was used in the Qi ckSI N
a speech-in-noise test devel oped by Etynotic Research. In
the QuickSIN, the SNR Il oss is found, which conpares the
subjects’ performance in noise to individuals with norma
hearing. People with normal hearing require a +2 dB signal -
to-noise ratio to correctly identify 50% of the key words in

the Qui ckSIN sentences (QuickSIN test nmanual ). The SI NCA was
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| ooking for a SNR score, thus the 2 dB was subtracted from
the 20 possible itens, resulting in the nunber 18 which was
used to find the SNR In the Beta Il MAPA, it took
approxi mately three-and-a-half mnutes to test both ears.

The DP task is very simlar to the PP task in format.
Each itemincluded a series of four tones that varied in
their presentation |lengths (short or long). There were
twenty total itens presented binaurally. The subjects were
required to correctly identify the pattern. Reversals for DP
were not scored as correct for any age group. For the Beta
11 MAPA, this task took approximately four-and-a-half
m nut es.
O her test batteries

Nei j enhui s, Stollman, Snik, and Broek (2001)
adm ni stered a battery of seven auditory tests to 28 adults
wi th normal hearing. Their purpose was to find tests
appropriate for adults that could al so be nodified for
testing older children. The battery included words in noise,
filtered speech, binaural fusion, sentences in noise,
dichotic digits, frequency and duration patterns, and
backward maski ng. The dichotic digits task used presented

three nunbers to each ear. The subjects were not directed to
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repeat a certain ear first, rather they were allowed free
recall of the itenms. The scoring was done for each ear and
for both ears. The frequency and duration patterns tasks
used conbi nations of three tones or three durations. In
addition to the behavioral tests, a 30-item questionnaire on
everyday listening situations was adm ni stered. The subjects
reported their responses on the frequency of occurrence of
t he behaviors on a 4-point scale.

The results showed that the ceiling effect was
occurring on the frequency and duration pattern tests with
their adult subjects. The nedian scores were 98%  f or
frequency and 100% for duration. Scores at the 10'"
percentile showed 89% for frequency and 90% for duration.
The dichotic digits task showed that scores were higher in
the right ear than in the left ear. The nmedian scores for
this task were 83%in the right ear and 76%in the |left ear,
which is significantly different (p<0.05) (2001). This is
the only test that showed differences between ears.

Nei j enhuis, Snik, Priester, van Kordenoordt, and van
der Broak (2002) adm nistered a test battery originally
intended for adults to a group of children and teenagers. O

interest were the results for 75 children (ages 9-12) on
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dichotic digits and pattern tests since this is a simlar
age to the subject in this study. The dichotic digits were
presented as nunber triplets to each ear in a free recal
condition. The pattern tests included both pitch and
duration. However, in this study, series of three tones
i nstead of four were used. The dichotic digits showed a nean
percent score between 60-70% for this age group. \Wen the
task was scored | ooking at the individual ear perfornmance,
the right ear scores were significantly better than the left
ear (p<0.001). The percent nean difference was 10% bet ween
ears. The nean percent score for the pitch or frequency
pattern test was between 80-90% For the duration patterns
test, the nean percent score was slightly lower in the 70-
80% range. The ceiling effect was present in this 9-12 age
group, especially in the frequency pattern test.

Moncrieff and Musi ek (2002) adm nistered three dichotic
listening tests to normal (control subjects) and dyslexic
11-year-ol d children based on reports “that children with
dysl exi a, a |l anguage disorder that |eads to reading
difficulties performpoorly on dichotic |istening tasks” (p.
429). One of these dichotic tests included dichotic digits,

using pairs. Both free recall and directed reporting
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conditions (right or left ear first) were used. “The
directed response format was used in this study to explore
the effects of attentional bias in the free recal
condition” and also to be able to conpare this task to the
directed response format used for conpeting word tasks
(Moncrieff & Musiek, 2002, p. 433).

The overall results showed that the control subjects
performed better than the children with dyslexia. In the
free recall condition, there were not significant
differences in the scores between ears (for both groups of
children) or between normal and dyslexic children. In the
di rected response node, the normal children perfornmed
significantly better than the children with dyslexia;
however, there were not significant ear differences. The
children with dyslexia showed a significant ear difference
as they perforned better when directed to report the right
ear first. Moncrieff and Musiek al so reported that the DD
task using double digits mght be too easy for 1l1-year-old
children as scores in both groups of children were at or
near the maxi mum performance | evel. Anong their suggestions
was to use three or even four digit pairs. Another

suggestions was to randomy present digit pairs of one, two,
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or three itens so that the stinulus interval would be
uncertain to the listener (2002).

Moncri ef f and Musi ek (2002) suggested that using a
directed response node to control for attentional strategies
produced results that may be “nore reflective of hem spheric
| ateralization for | anguage” (p. 436). They al so suggested
that while this directed response node would sacrifice
i nformati on about attentional strategies used by the
listener, it would provide “nore reliable laterality
i ndices” (p. 436). Laterality is one of the ASHA reconmmended
areas for testing in order to diagnose children wth APD.
Wth this in mnd, Mncrieff and Misiek state that “test
conditions that will produce the nost valid neasure of both
direction and degree of lateralization are essential”

(p. 436).
SCAN- C devel opnent

The SCAN, a test for auditory processing disorders, was
devel oped by Robert Keith to test children ages 3-11. It was
originally published in 1986. The SCAN-C is a revision of
this test. For the SCAN-C, Keith nodified his conpeting word
task based on an itemby-item anal ysis, added a conpeting

sentences task, and gathered nore nornmative data for
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children ages 5-11 (Keith, 2000).

Keith descri bed the SCAN-C and sone changes in a 2000
article. The SCAN-C offers raw scores, which are converted
to standard scores, percentile ranks, and confidence
intervals. This standardization allows the scores to be
conpared to other standardized tests on the sanme popul ati on,
be it |language or intelligence tests. However, there were
concerns with the original SCAN concerning test re-test
i ssues (AmDs & Hunes, 1998) and test performance by | ocation
(Emerson et al., 1997). Additionally, Anos and Hunes al so
guestioned sone of the scoring nethods.

The SCAN-C consists of four subtests: filtered words
(FW, auditory figure-ground (AFG, conpeting words (CW,
and conpeting sentences (CS). The AFG task i s sonmewhat
simlar to the SINCA task on the Beta Il MAPA as words are
presented in the presence of speaker babble. The CS task in
the SCAN-C is simlar to the original MAPA where two
sentences are presented and the subject is asked to repeat
either the left or the right ear sentence.

The SCAN-C was adm ni stered to 650 children between the
ages of 5-11 years. Denographic information gathered

i ncl uded age, gender, race/ethnicity, geographic regions,
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and parent education |level. Information was al so collected
fromthe school about children diagnosed or receiving
speci al services for ADD, ADHD, LD, speech or |anguage
probl ens, devel opnental del ay, dyslexia, behavior

di sorder/enotionally disturbed, or any other health
inpairnment. In addition, gifted children were al so

recogni zed. To be included in the sanple, children had good
speech intelligibility with few articulation errors,

spoke/ under stood English proficiently, and passed a hearing
screeni ng at 500, 1000, 2000, and 4000 Hz. Children with
severe disabilities were excluded fromthe study.

Keith reported that “raw score neans increased and the
standard devi ati ons decreased with increasing age as
expected, reflecting maturation of the central auditory
nervous systent (2000, p. 441). Standard scores were
devel oped, giving equal weighting to each subtest (a
previ ous concern). In addition, ear advantage scores were
obtained. In general, a right ear advantage was shown, which
reflects the “left hem sphere dom nance for |anguage” (2000,
p. 442). Keith al so provided a cumul ati ve preval ence of ear
advantage to determne if the ear advantage scores fal

within a normal range. Keith reported the subtest test-
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retest reliabilities, with a nean testing interval of 6.5
days, ranging from.67 to .78 for the children 8-11 years of
age. Keith also reported the correl ati on between subtests
for the SCAN and SCAN-C, which are FW-0.55, AFG=0.31, and
CWe0. 72. To answer the question about test |ocation, Keith
used a matched sanple of 27 children tested in an
audi onetri c sound-proofed booth or in a quiet room T t-test
showed no significant differences between the nean scores
for the subtests or conposite standard scores.
Attention deficit hyperactivity disorder

There has been nuch debate about APD and its

relationship to ADHD (attention deficit hyperactivity
di sorder). Chermack, Hall, and Misi ek (1999) nentioned
research fromone side that felt that APD and ADHD m ght
reflect a single devel opmental disorder. They nentioned
research on the other side that reflected the possibility of
co-occurrence between APD and ADHD. \Wile ADHD is a nedi cal
di agnosi s and APD i s an audi ol ogi cal di agnosis, Chernack,
Soners, and Sei kel (1998), pointed out that they both share
a nunber of common synptons, including “attention and
i stening problens, mal adaptive behavior, distractibility,

instruction-followng difficulty, and increased tine
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required to conplete tasks” (p. 78). They al so poi nted out
that while ADHD was traditionally | ooked at as an attention
di sorder, it is now portrayed as “a deficit in notivation
and rul e-governed self-control rather than an attention
deficit” (Chermack et al., 1998, p. 78).

Consequently, these researchers surveyed audi ol ogi sts
and pedi atricians on behaviors that reflect APD and/or ADHD
Their results showed that while there are conmon synpt ons,

t he ranking of these synptons differ with each di agnosis.
For exanple, inattentive and distracted behavi or were the
only behaviors present for the diagnosis of children with
both APD and ADHD at the |evel of one standard deviation
above the nean. However, with the diagnosis of ADHD, these
behavi ors ranked as nunber one and two conpared to six and
seven on the ranking for APD. The first five itens on the
list for identifying behaviors for APD included the
followng as reported by Chernak et al., (1998, p. 80).

11. Difficulty hearing in background noise

12. Difficulty follow ng oral instructions

13. Poor listening skills

14. Academc difficulties

15. Poor auditory association skills
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These researchers felt it was significant that
behavi oral scales, as judged by pediatricians and
audi ol ogi sts, should differentiate APD from ADHD in this
manner. However, they were still unclear about the
rel ati onship between APD and the predomi nately inattentive
type of ADHD (ADHD-Pl), as the behaviors are nost simlar to
each ot her.

I n an expansion study to answer this question, another
survey was sent to pediatricians and audi ol ogi sts asking
themto rank behaviors found in children with APD and ADHD-
Pl by Chermak, Tucker, and Sei kel (2002). The results showed
si x common behaviors in both disorders, which were “academ c
difficulties, distraction, poor listening skills, asking for
things to be repeated, auditory divided attention deficit,
and difficulty hearing in background/ anbi ent noi se” (p.

335). They found nine behaviors that showed up only on one
list (APD or ADHD- PlI) that serve to distinguish or
differentiate the disorders. Overall, they felt that the set
of behaviors that nost highly characterize either APD or
ADHD- PI wer e reasonably exclusive as the four nost
characteristic behaviors (asks for things to be repeated and

poor listening skills for APD and inattentive and academ c
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difficulties for ADHD-PI) were not simlarly highly ranked
on both lists (Chermak et al., 2002). They further nentioned
that pediatricians consider ADHD-PlI to relate to cognitive
probl ens whil e audi ol ogi sts characteri ze APD as an auditory-
specific deficit. They suggested further research and
col | aborati on between professionals to ensure proper
di agnosi s.

El ectroacousti cal neasures

The Bruton conference recomended a m ni mal behavi oral
test battery as well as the use of
el ectro/ physi ol ogi cal / acoustic tests and neuroi magi ng
studi es. As nentioned, nost of the research concerning APD
has focused on behavioral tests. In 2001, Jirsa summarized
the information provided by three current
el ectrophysi ol ogi cal neasures. The mddle | atency response
(MLR) provides information about the nmaturation of the
auditory system However, it may be difficult to observe in
children under the age of ten and nyogenic activity m ght
al so influence the results. The P300 has al so shown
sensitivity to APD. However, the responses are highly
vari abl e and depend upon subject participation and attention
to auditory tasks. Finally Jirsa (2001) reported that while

m smat ched negativity (MW) showed potential, “the waveform
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is difficult to identify and neasure wth accuracy” (p.
156). Thus it is not yet clinically useful.

Jirsa (2001) suggested that for el ectrophysiol ogical
measures to be used routinely, “An objective
el ectrophysi ol ogi ¢ neasure is needed that is relatively
unaf fected by nyogenic activity, does not require active
subj ect participation, can be conpleted relatively quickly
W t hout inducing patient fatigue, and can be readily
identified with mniml calculations” (p. 156). Jirsa
reported on researched done with maxi num | ength sequences-
auditory brainstemresponses (M.S-ABR). The M.S uses a
hi gher stinmulus rates/second than other neasures currently
in use by using a pul se sequence stimulus. The final
response pattern is obtained through nat hemati cal
derivations. Jirsa exam ned children, ages 9-13, di agnosed
and conpared their responses to a control group. Jirsa
reported that there were statistically significant
di fferences between the wave V | atenci es between each group,
with the clinical group being |onger. He suggested that the
nature of the test would lead to information about subjects’
tenporal processing abilities. However, he cautions that
results should be interpreted with caution as limted

research has been done so far on the M.S- ABR



