FACTOR STRUCTURE, CORRELATI ONS, AND MEAN DATA ON FORM A
OF THE BETA I'l1 VERSI ON COF

MULTI PLE AUDI TORY PROCESSI NG ASSESSMENT ( MAPA)

by

Sherry A Summers

A thesis
submtted in partial fulfill nment
of the requirenents for the degree of
Master of Science in the Departnent of Conmuni cation
Sci ences and Education of the Deaf
| daho State University

August 2003



TABLE OF CONTENTS

CHAPTER |

Introductlon : .
Research Questions .
Acronym Key.

CHAPTER | I.

Met hodol ogy :
Resear ch Desi gn/ Dat a Anal yS| S .
Mat eri al s.

Pr ocedur es/ Dat a Col I ect| on/ I nst r urrent at| on .

Validity and Reliability .

CHAPTER | I |

Results and Di scussion .
Participants . :

Noi se Measurenents .

Factor Structure .
Correlations . . .

Test/ Ret est Rel i abi I i ty :
Means and Standard Devi ati ons.

Scal e of Auditory Behavi or/ Co- rrbr bl di ty:

Summary. :

Fact or Anal yS| S .

Correl ati ons. :
Means/ St andar d DeV| at| ons .
Sel f - Report/ Co-norbidity.

APPENDI X A: Literature Review.

Research Questions .

Resear ch Desi gn. : :

APD Definition Controversy :

Preval ence/ Causes of APD .

Synpt ons/ Assessnent / MAPA .
Reliability/Validity . :

Mul ti-Di sciplinary Assessrrent :
Need for Research and Normative Data :
Assunpti ons.



Tabl e of Contents (Cont’d)

Limtations .

Delimtations .
APPENDI X B: Parent Consent Form
APPENDI X C. Scal e of Auditory Behavi ors.
APPENDI X D: Letter to Schools
APPENDI X E: MAPA Score Sheet — Form A
APPENDI X F: Brief Description of Each Test
APPENDI X G Acronym Key.
APPENDI X H: A Bonus on Handedness.
APPENDI X |: Raw Dat a .

REFERENCES .

. 80
. 81

. 82

. 84

. 85

. 87

. 89

. 95

. 96

.97

103



Li st of Tabl es

Table 1. A summary of the three content areas suggested
by Chernmak (2001) and the expected factor structure with
the addition of four new subtests (*) to the original
four MAPA subtests (Page 6).

Tabl e 2: Subjects included in the study: Eleven with LD
one with ADHD. Subjects are shown who were receiving
special services in reading, witing, math, or
speech/ | anguage (Page 21).

Table 3: A summary of the nunber of subjects from each
of four schools, and their relative percentage conpared
to the total sanple (Page 23).

Table 4: A summary of the nunber and percentage of
subjects as a function of grade and age. GCender is
indicated with (*) (Page 23).

Tabl e 5: Recorded noi se nmeasurenents (in dB) for each
school and test area conpared to ASHA gui del i nes, 1997
(Page 24).

Tabl e 6: Exploratory factor analysis using a maxi mum
i kelihood extraction nmethod and a Promax with Kaiser
normal i zation rotation nmethod. Wightings <.25 are
omtted (Page 25).

Table 7: Exploratory factor analysis using a maxi mum
i kelihood extraction nmethod and a Promax with Kaiser
normal i zation rotation nethod after renoving two GAP
outliers. Weightings <.25 are omtted (Page 27).

Tabl e 8: Exploratory factor analysis using a principal
axis extraction nmethod and a Promax with Kai ser
normal i zation rotation nethod after the GAP data was
removed. Weightings <.25 are omtted (Page 28).

Tabl e 9: Exploratory factor analysis using a principal
axi s extraction extraction nmethod and a Promax with

Kai ser normalization rotation nethod after renoving GAP
and DP subtests. Wightings <.25 are omtted (Page 30).



Li st of Tables (Cont’d)

Tabl e 10: Exploratory factor analysis using a principal
axis extraction extraction nethod and a Promax with

Kai ser normalization rotation nethod after renoving GAP
and DP subtests. Wightings <.25 are onitted (Page 31).

Tabl e 11: Pearson correlations for the eight subtests.
(**=correlation is significant at the .01 |evel;
*=correlation is significant at the .05 level). Three
groups of highlights represent tests expected to
correlate favorably. Bolds represent tests that neet
+/- .35 criteria (Page 33).

Tabl e 12: Pearson correlations listed fromhigh to |ow,
between test and retest for the Beta IIl version of the
MAPA for 19 subjects (ten 3" graders and nine 5'"
graders) (Page 37).

Tabl e 13: Test/retest mean scores for the eight subtests
adm nistered to 19 children. Bolded itens are
indicative of slightly |Iower retest scores (Page 40).

Tabl e 14: Mean raw scores and respective standard
deviations for the eight individual subtests

adm nistered to 119 children from8 — 11 years (Page
41) .

Tabl e 15: Mean raw scores and respective standard
deviations for the eight individual subtests

adm nistered to 119 children for 8-9 yr and 10-11 yr
groups (Page 43).

Tabl e 16: Performance standards (norns) at 1 and 2
standard devi ati ons bel ow the nean for the current study
(Page 45).

Tabl e 17: Nunber of children down nore than 1 SD or 2
SD with APD based on the six subtests (GAP and DP
removed) for the current study, where 1 SD and 2 SD
means on one or nore subtests for this table.(Page 46).



Li st of Tables (Cont’d)

Tabl e 18: Nunber of children by age in years, and
percent age of the sanple who scored outside the nean by
1 and 2 standard devi ati ons on each test (Page 46).

Table 19: A summary of the total population for this
study who scored nore than one and two standard

devi ati ons bel ow the nean in the MSC, APTO and BI/BS
content areas of auditory processing. APTO, here, does
not include GAP and DP (Page 47).

Tabl e 20: A representation of the 14 subjects who scored
below 2 SD on at | east one APD subtest, the nunber of
areas affected and severity level, and a suggested

di agnosis. One star was assigned for each of the six
subt ests whose score was nore than one SD bel ow t he
mean. Two stars were assigned for each subtest whose
score was nore than two SD bel ow t he nean (Page 50).

Tabl e 21: Mean and standard devi ations for parent and
teacher responses to the scale of auditory behavior
guestionnaires. 1.0 and 1.5 SD are represented and may
be consi dered | evels of concern (Page 51).

Tabl e 22: Shows the 14 chil dren di agnosed wth APD by
severity (mniml, noderate, serious), gender, and the
correspondi ng parent/teacher self-report ratings. (*)
means at risk; (**) neans di agnosed (Page 52).

Tabl e 23: Table 23. A summary of suggested at risk and
di agnosi s scenerios and the breakdown of findings for
this study (Page 55).



ABSTRACT

In 1997, the Multiple Auditory Processing Assessnent
(MAPA) was studied by Domtz and Schow and found to be a
conprehensi ve screening tool for APD. The purpose of
this study was to see if several new tests factor
favorably in their expected APD content areas since MAPA
was revised to a Beta Il version. It was al so designed
to provide test correlation data, to establish
prelimnary neans and standard devi ation normative data,
and to consider the influence of self-report and co-
norbidity. The battery was adm nistered to 119 children
in Idaho who ranged in age from8 — 11 years.

Factor studies produced the following results. A
nmonaur al version of the Sel ective Auditory Attention Test
(nBSAAT) and a newl y devel oped Speech in Noise for
Children and Adults test (SINCA) | oaded in the sane
factor assuned to be nonaural separation/closure (MC)
dichotic digits (DD) and conpeting sentences (CS) | oaded

together in the sanme factor assuned to be binaural

Vi



i ntegration/separation (BI/BS), and pitch patterns (PP)
| oaded with the Quicktap test (TAP) assuned to be
auditory pattern/tenporal ordering (APTO. Duration
patterns (DP) and a random gap detection perception test
(GAP) were al so evaluated with inconsistent results.

The ol d and revised and new subtests correl ated
significantly with other tests within their factor
content categories except for DP and GAP. N neteen
subjects participated in test/retest. Reliability
correlations ranged fromhigh for PP, DP, CS, TAP, DD and
MSATT (overall), noderate for right and | eft nSAAT when
the left and right ears were considered separately, and
poor for GAP and SI NCA

Per formance standards were established for all
subt est s. Based on test scores after GAP and DP scores
were renoved, and considering PP reversals as correct; 14
subjects (12% of the sanple) net the 2 SD criteria and 48
subj ects (40% of the sanple) were found to neet 1 SD.
Severity ranged fromaffecting one AP area to affecting
all three.

Conparing parent/teacher report to the 14 nost

severe cases of APD identified by MAPA, 5 children were

Vi i



consi dered diagnositically identified with APD based on
self report , co-norbidity with LD or other conditions,
along with the MAPA scores. The other nine were
considered at risk. N ne of another 18 judged to have
difficulties by self-report could be explained with MAPA
results as they were anong those with nore than 1 SD for
MAPA scores. Three of the 14 children di agnosed with APD
al so had LD. Four nore of the eleven with LD, one of

whi ch was receiving speech/| anguage services (making 7 of
11), and the only child with ADHD, were all identified as

at risk for APD

Vi i



CHAPTER |

| nt roducti on

Audi tory Processing Disorder (APD) is an information
processing deficiency that is specific to the auditory
nmodality. In April 2000, a conference (known as the Bruton
Conference) was held at the University of Texas in which a
group of |eading audi ol ogi sts reached a consensus on APD,
and provided new direction. This statenent hel ped frane
i ssues that earlier had been discussed at a consensus
conference sponsored, and |ater published in 1996, by the
Aneri can Speech Language Hearing Association (ASHA). At
the Bruton Conference they concluded that APD may be
exacerbated in unfavorabl e acoustic environnents and may be
associated wth difficulties in |listening, speech
under st andi ng, | anguage devel opnent, and | earning. They
al so recommended that both behavioral tests and
el ect rophysi ol ogi cal / acoustic tests and neur oi magery
studi es be used in diagnosing APD. Katz et al. (2002)

di sagreed with the use of el ectrophysiol ogical/acoustic and
neur oi magi ng tests for the general popul ati on because they

felt that these neasures were unrealistically expensive and



time consum ng. Also, previous research does not confirm
that children with APD are significantly different in
el ect rophysi ol ogi cal / acousti ¢ nmeasures from children who do
not have APD, and little is known about inmaging. Jerger
and Musi ek (2000) responded that the gold standard for APD
shoul d i nclude el ectrophysi ol ogi cal neasures. (p. 20) APD
was recommended as a repl acenent for the older term
Central Auditory Processing Disorder (CAPD).

A four-test behavioral battery was recomended by
Musi ek and Chernmak (1994) for diagnosing APD or CAPD.
Foll ow ng this protocol, Domtz and Schow (2000) proposed a
battery of tests called the Multiple Auditory Processing
Assessnent (MAPA). The Beta | and Il versions of MAPA
i ncluded a nonaural version of the Selective Auditory
Attention Test (nBAAT), dichotic digits (DD), pitch
patterns (PP), and conpeting sentences (CS). 1In their
study, Domtz and Schow conpared the MAPA to the SCAN, a
test battery devel oped by Keith (1986) and used widely in
the United States. The MAPA showed four factors in the
areas defined by ASHA for what constitutes an APD, while
t he SCAN showed factors in only two of the ASHA areas.
(Domtz & Schow, 2000, p.101).

Dom tz and Schow (2000) gathered data in 1997 on 81

third grade children for this nmultiple-test battery. They



concl uded that “SCAN does not have high sensitivity for
CAPD in relation to the MAPA..and all four tests [of MAPA]
shoul d be used for initial screening or prelimnary

di agnostic testing (Domtz & Schow, 2000, p.109).” The NMAPA
thus is thought to be a nore conprehensive tool for
identifying APD than the current, nore w dely used, SCAN
However, a ceiling effect was apparent for sone of the

ol der children on MAPA when it was later tested on fifth
grade children (Shiffman, 1999).

The ceiling effect is not an uncommon occurrence.
Simlarly, in a Dutch study that was conpri sed of seven APD
tests, when the distribution of the scores were exam ned,
ceiling effects were found for older children and adults in
the frequency (PP) and duration pattern (DP) subtests
(Neijenhuis et al., 2001).

Jerger and Musi ek (2000), reporting on the Bruton
Conference and a consensus statenent |ater pronoted by the
Areri can Audi ol ogy Associ ation (AAA), suggested that a gap-
detection task and a duration pattern sequencing task be
i ncluded as part of the mninmal behavioral test battery.

(p. 469 & 471)

Foll ow ng the | ead of Jerger and Musi ek (2000), and

based on the Bruton Conference where she was a partici pant,

Chermak (2001) recommended a test battery that includes (1)



auditory pattern/tenporal organization tasks (APTO such as
PP, duration pattern (DP) and/or gap detection perception
(GAP); (2) binaural integration/separation tasks (Bl/BS)
such as dichotic listening for digits, words, or sentences;
and (3) nonaural separation closure tasks (MSC) such as
filtered/ conpressed speech, or speech in conpetition
(Chermak, 2001, p. 16). It is upon this recomendation, and
Brut on recommendati ons, that the current study was based.
The current MAPA has two BI/BS tasks already (DD and
CS), one MSC task (nSAAT), and one APTO task (PP). In order
to have at least two tests in each of the three behavi oral
test areas recomended at Bruton, the devel opers of MAPA
(Schow et al., personal comrunication) decided to add to
MAPA t hree nore APTO tasks: a gap detection perception test
(GAP), a duration patterns test (DP), and a Qui ckTap test
(TAP) suggested by Charles |I. Berlin (personal
comuni cati on, Cctober, 2002) hoping the new tests would
| oad favorably with PP by factor analysis. |In addition, a
second MSC task was added; a newy devel oped test called
Speech In Noise For Children and Adults (SINCA), with the
hope it would | oad favorably with nSAAT. |If the GAP, TAP
and/ or DP tasks factor under the sanme category as PP in the
APTO area, and if the SINCA and nBSAAT correspond in factor

structure, alternative APTO and MSC tasks woul d t hen



provide nore flexibility for the clinician and nake the
overall test a nore valid and conprehensive di agnostic APD
tool. (See Table 1)

Accordingly, the MAPA was revised to a Beta ||
ver si on which incorporated the foll ow ng nodifications:

1. Three tasks were added: a GAP subtest, a TAP subtest,
and a DP subtest. It was hoped that at |east one of
these tests would factor favorably with the current PP
subtest currently being used in the APTO area.

2. A MSC test was devel oped (Speech In Noise for Children
and Adults — SINCA), to be factored against the
current nBSAAT. Speech in noise testing has been
docunented in APD test batteries (Schilder et al.

1994; Feldman et al., 1993; & Van Vel zen et al.
1995).

3. In addition, three revisions have been made to earlier
versions of MAPA to make it slightly nore difficult.
This was done to reduce the ceiling effect found in
the original version (Shiffman, 1999) so that the test
battery could be used for children and teens (8 — 18
years) and adults.

a. The DD subtest was changed. The listener is
required to repeat back three digits for each ear

instead of two. Six digits have been used by other



professionals in the field (Neijenhuis et al.
2001).
b. The PP subtest was increased fromthree high/low
tones, to four.
c. The total nunber of pitch pattern itens was reduced
to 20 itens conpared to the original 30.
Statistical analysis on the Domtz and Schow dat a
(1997) denonstrated a correlation of .92 between 15
and 30 itens and .96 between 20 and 30 itens.
Thus, 20 itens were determ ned to be sufficient.
d. The conpeti ng sentence task now requires the
subj ect to repeat both sentences with one ear
directed first, whereas before, they were only
required to repeat back one sentence.
e. The pitch patterns and duration pattern tests are
now a bi naural rather than nonaural task
Table 1. A summary of the three content areas suggested
by Chernmak (2001) and the expected factor structure with

the addition of four new subtests (*) to the original four
MAPA subt est s.

Bl & BS VEC APTO
Assesses: Auditory Assesses: Auditory discrimnation; Assesses: Auditory
discrimnation; & auditory audi tory decrenments from conpetition di scrimnation; auditory
decrenments from and degradati on pattern recognition; tenporal
conpetition aspects of audition
1. DD (Bl task) |1. nBAAT 1. PP
2. CS (BStask) |* SINCA * GAP

* TAP




Research Questi ons

This study was designed to answer the foll ow ng
research questions:
1. Factor Structure:

a. Do GAP, TAP, or DP subtests factor and
correlate with PP in a favorable way?

b. Does SINCA factor and correlate favorably with
NSAAT?

c. WIIl the existing binaural tests (DD and CS)
factor together as predicted.

2. Correl ations:

a. Using Pearson correlation coefficients, do the
ol d and new subtests correlate significantly
enough with other tests within their factor
content categories so that the new Beta |11
version of the MAPA energes as a nore
conprehensi ve central auditory processing
di agnostic tool ?

b. Test/Retest: Do subjects denonstrate reliable
mean scores (via Pearson r) and non-
significantly different nean scores (via t-
test) when conparing initial and a second

adm ni stration of the battery.



3.

Do nmean scores and standard devi ati ons(SD) produce
reasonabl e normative data for identifying children
wi th APD?

Do self-report scores and co-norbidity data
correspond and conplinent nean and SD data in an

expect ed manner ?

Note: Assunptions, limtations, and delimtations are

stated in the literature review. A brief description

of each test and its scoring procedure is included in

Appendi x F.

APD:
APTO
ASHA:
Bl :
BS:
CAPD

23898

P
MAPA:

VBAAT:

MSC.
PP:
TAP:

Acronym Key

Areri can Audi ol ogy Associ ation

Audi tory Processing Di sorder

Auditory pattern/tenporal ordering

Aneri can Speech/ Language/ Heari ng Associ ati on
Bi naural Task - (Refers to Integration and Separation)
Bi naural Separation

Central Auditory Processing D sorder
Conpeti ng Sent ences

Dichotic Digits

Duration Patterns

Gap Detection Perception

Mul tiple Auditory Processing Assessnent
Monaur al Sel ective Auditory Attention Test
Monaur al Separation C osure

Pitch Patterns

Qui ckTap Test as suggested by Charles |
Berlin, Ph.D.



CHAPTER || - Met hodol ogy

Research Design/Data Anal ysis

A correlational research design was enpl oyed to best
determ ne the relationships and correlation coefficients
bet ween the various tests being expanded in the Beta I
version of the MAPA. This study adm nistered nultiple tests
that were thought to factor under presuned categories, and
then factor analysis and Pearson correl ations were used to
statistically calculate the grouping and rel ati onshi ps
bet ween t hem

Correl ational studies are useful for determ ning
rel ati onshi ps, assessing consi stency, and maki ng
predictions (Ary et al, 2002, p. 359). In addition, the
quantitative nature of correlations provide for objective
results that can be nore easily interpreted for this type
of study, than can be provided by any other research
design. The factor analysis procedure is capabl e of
anal yzing the intercorrelations anong a | arge set of
measures, and al so assists in identifying a small nunber of
common factors. Factors can be used to identify content

areas Wi thin hypothetical constructs assuned to underlie
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different types of psychol ogi cal neasures; for exanple
intelligence, aptitude, achievenent, personality, and
attitude. “Factor analysis indicates the extent to which
tests or other instrunents are nmeasuring the sane thing,
enabling researchers to deal with a smaller nunber of
[content areas within] constructs.” (p. 365) Scal e-1 evel
factor analysis was used in this study and each subtest was
consi dered i ndependently.

The eight different tests of auditory processing that
were adm ni stered (nBSAAT, PP, DD, DP, CS, SINCA GAP and
TAP) constituted the independent variables. Performance
outcones of the participants on each test constituted the

dependent vari abl e.

Materi al s

The MAPA (Beta |1l Version) evaluates three diagnostic
areas: (1) auditory pattern/tenporal ordering (APTO, (2)
conpeti ng/ degraded nonaural | ow redundancy |istening (MSC),
and (3) conpeting/degraded | ow redundancy bi naur al
listening (BI/BS). To screen for problens with auditory
processing in any of these areas, eight tests were
devel oped and pre-recorded onto a conpact disc (CD) by
Audi tec, a mmjor supplier and devel oper of auditory tests

in St. Louis, Mssouri. Al test contingencies, including



relative presentation |evel, were accounted for in the
recording. Al tests are preceded by formal, recorded
instructions and coi ncide with an answer sheet (See

Appendi x D for the answer sheet).

Procedures/Data Coll ecti on/|nstrunentation

Al children who returned fornms were told that they

could refuse participation later, despite parental consent.

Every child, after conpletion of the test, was asked if
he/ she would be willing to undergo a second adm ni stration
of the test in a week or two. All but one child agreed to
be retested. Ten third grade and ten fifth graders were
random y sel ected by code nunber, to be retested after at
| east a week had passed. All testing was adm ni stered by
graduate-level clinicians, a certified audiol ogist, or
trained assistants. To increase the response rates, a
selection of small gifts such as stickers/treats were
of fered when the children returned the parent consent
forms. In addition, MDonald gift certificates were
offered to the children after they conpleted testing.

The follow ng eight tests were rotated in their order
of admnistration to control for threats of validity
involving patient fatigue. Oder remained the sane while

the starting place varied.

11
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1. Monaural selective auditory attention test (MSC
t ask)

2. Pitch patterns (APTO task)

3. Dichotic digits (Bl task)

4. Conpeting sentences (Bl task)

5. Duration patterns (Possible APTO task)

6. Speech in Noise for Children and Adults test

(Possi bl e new MSC t ask).

7. Gap detection (Possible APTO task)

8. Tap test (Possible APTO task)

The test battery took approxinmately 45 mnutes to
admnister. This included time for the hearing,
imm ttance, and otoacoustic screenings. dinicians adhered
to the pure-tone and tynpanonetry screeni ng protocols
establ i shed by ASHA

Since all test instructions were pre-recorded on CD
clinicians were only responsible for nonitoring the CD
pl ayer, placing the headphones, and clarifying instructions
as needed. The adm nistering clinicians recorded each test
based on subject response or non-response. Final
tabul ati ons were perfornmed by the researcher for

consi stency, and were doubl e checked for accuracy.



A MA 39 Maico portable audi oneter and TDH 39
headphones, an Earscan inmm ttance screener, and a portable
Er oScan Mai co ot oacoustic em ssions screener was used to
eval uate the subject’s hearing and m ddl e ear status.

Port abl e Lenoxx Sound Mbdel CD-87 conpact digital audio
disc players wth 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. Al'l equi pnent
was calibrated follow ng ANSI guidelines. Daily
calibrations on the Immttance screener were conducted, as
wel | as biological |istening checks on the audi oneter and

CD pl ayers.

Validity and Reliability

The researcher took precautions to control the extent

13

to which extraneous variables influenced the results during

the testing period, and the extent that the test was free
of measurenent errors, sanpling error, and bi as.

1. To control agai nst subject fatigue, children were
offered a short break approximately halfway into th
test battery or at additional tines when the child
appeared to be bored or tired. Breaks were offered

only between subtests. Recess and | unch breaks

e
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further offered breaks throughout testing. In
addition, the starting place during test

adm ni stration was varied while the test order

remai ned the sane.

Chil dren who did not pass the hearing screening, had
cognitive inpairnment (mld nental retardation or
greater), or did not speak English as their first

| anguage, were excluded from APD testing.

Measurenment error was controlled by providing
training and instructions for scoring to each
clinician prior to instrunentation. dinicians were
eval uated at | east once during the research period
by conducting an itemby-item anal ysis between two
observers on a portion of the test. To mnimze
scoring differences, all final tabulations were
doubl e checked by the author. See Appendix F for a
brief description of each test and the scoring
procedures that were inplenmented. Procedural
reliability was ensured by the presentation of al
instructions and contingencies through the CD
recording. Auditory processing tests were delivered
to the subject at an approxi mate hearing | evel of

50 dB HL. Follow ng the procedures of Domtz (1997)

and Shiffman (1999), volune control of the CD pl ayer
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was fixed at 75 dB SPL throughout testing to

approxi mate the recommended 50 dB HL presentation

Il evel. To ensure delivery consistency, output

t hrough the headphone was verified using the Quest -
188 sound |l evel neter while the nonitoring
headphones were connect ed.

Wil e testing did not take place in a sound- proof
boot h, anbi ent noise levels for each quiet test area
were nmeasured and nonitored and found to be within
ASHA screeni ng standards before any testing was

per f or med.

Ten third graders and ten fifth-graders were
randomy sel ected and underwent a second

adm nistration of the test battery wwth at |east a
one- week passage of tine between adm nistrations.
This was to verify the consistency of test scores
intra-individually and provide information about
test stability (test-retest) over tine.

Once the children received the instructions and
denonstrat ed understandi ng of the tasks, testing
resuned without stopping the CD or pausing between
itens. This protocol was designed to standardize
the processing tine for all children and to mnimze

error variance. There was one incident, however,



10.

16

when a fire drill resulted in four children having

i mredi at e stoppage of the test for a short tine.
Upon returning to the test site, the children were
rem nded of the instructions, and testing proceeded
where the test was paused. The score sheets were
mar ked to indicate the incident.

The previously studied MAPA (al beit some subtests
are now nore difficult) was used to eval uate the new
tests since the factor structure and maj or test
paraneters were already known.

An informal CD and audi oneter equi pnent check was
made by the adm nistering clinician prior to each
test session. The tynpanoneter was cali brated
daily.

Split-half reliability for each test was neasured by
br eaki ng each subtest down into odd/even nunbers and
conparing the correlation coefficients. This
information will be used to inprove the MAPA in a
subsequent project, but wll not be used for the

pur poses of this study.

The researcher consulted with two statisticians who
were experienced in factor analysis and enlisted
their participation in running the software and

maki ng interpretations.
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CHAPTER | I |

Resul ts and D scussi on

To briefly sumari ze, the purpose of this study was to
answer four research questions:
1. Factor Structure:
a. Do GAP, TAP, or DP subtests factor and
correlate with PP in a favorable way?
b. Does SINCA factor and correlate favorably with
NSAAT?
c. WIIl the existing binaural tests (DD and CS)
factor together as predicted.
2. Correl ations:
a. Using Pearson correlation coefficients, do the
ol d and new subtests correlate significantly
enough with other tests within their factor
content categories so that the new Beta |11
version of the MAPA energes as a nore
conprehensi ve central auditory processing
di agnostic tool ?
b. Test/Retest: Do subjects denonstrate non-

significantly different nmean scores (via t-
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test) and reliable nmean scores (via Pearson r)
when conparing initial and a second
adm ni stration of the battery.
3. Do nean scores and associ ated SDs produce reasonabl e
normati ve data for identifying children with APD?
4. Do self-report scores and co-norbidity data
correspond and conplinent nean and SD data in an

expect ed manner ?

Partici pants

Parent perm ssion forns (see Appendi x B) and an
audi tory behavior scale (see Appendix C) were delivered to
four Idaho el enentary schools in the Snake R ver District
(school #1), Blackfoot District (school #2) and Pocatello
District (#s 3 and 4). The parent perm ssion forns were
devel oped and approved for distribution through the human
subjects commttee. The behavior scale was a twelve-item
checkl i st based on the work of Shiffman (1999)and Cher mak
et al (1998). Teachers were asked to conplete the sane
scale for each child participating in the study as a
verification neasure agai nst parental report.

The principals and teachers of third and fifth-grade
cl assroons were contacted in advance and had agreed to

participate. The schools and classroons involved were a
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nonrandom type conveni ence sanple made up of all those
available and willing to participate at the tine.

Al children in all classroons where principals and
teachers agreed to participate were given the opportunity
to participate. No special consideration was given to
factors such as academ c performance or teacher
recommendat i on.

The children were inforned about the testing and were
asked to have their parents sign the perm ssion slips and
fill out the questionnaire and return themto their teacher
within a week. As an incentive for being tested, the
children were told that they would receive $2.00 gift
certificates to McDonal ds, and in sone cases nore dependi ng
on the level of participation.

One hundred twenty-five (125) children returned forns
and volunteered to be subjects. Participation was then
dependent on the passing of a pure-tone hearing screening
for both ears at 20 dB HL for the frequencies 1, 2 and 4
kHz. Children with type B tynpanograns were elim nated
unl ess they were also able to pass a nore conprehensive
hearing screening with the addition of frequencies 250 and
500 Hz. An el ectroacoustic otoacoustic em ssions screening
was performed on each child with the exception of a few

subj ects when the instrunent was not available. This was
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done to verify behavioral results. The absence of

em ssions alone did not elimnate subjects. A refer was
present on all ears that did not pass the screening and was
al so present on 4 of the ears that did. Four of the
children coul d not pass the screening criteria in both ears
and were elimnated fromfurther testing.

Chil dren were excluded due to a known di agnosi s of
cognitive inpairment (mld nmental retardation or worse) or
ot her severe disability that could skew the results.
According to Bellis (p.186), sonme professionals in the
field require nornmal cognitive abilities before they wll
adm nister a central auditory evaluation, while others nmake
a judgnment as to whether the child can reliably conplete
t he tasks required.

In this study, the district audi ol ogi sts obtai ned
student information and no children were found to have
cognitive inpairnment (1Q < 70).

Children with a diagnosis of ADHD were not excl uded
fromthis study since they are part of the general
popul ation for which the Beta Il Version of the MAPA may
be used to screen for APD. One child net this criteria.
El even children had a diagnosis of learning disability
(LD): three received special services for math, witing,

and reading; two for reading and witing only; and six were
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identified as LD but not receiving resource help at the
tinme of testing, however, one was receiving speech and

| anguage services. One child was receiving outside help
for reading difficulties. These children were not
elimnated fromthe sanple. (See Table 2) Six children were
elimnated in all: two children diagnosed with limted
English proficiency (LEP) and four who did not pass the

m ni mal hearing screening criteria.

Tabl e 2. Subjects included in the study: Eleven with LD
one with ADHD. Subjects are shown who were receiving

special services in reading, witing, math, or
speech/ | anguage.

LD | ADHD | SLP Read Wite Mat h
X
X
X
X X
X X X X
X X X
X
X X X X
X X X
X X X X
X

X

X
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One hundred nineteen (119) children proceeded with APD
testing. Fifty-five subjects cane from school #1 (46.2% of
the sanple), forty-four subjects cane from school #2 (37%,
seventeen cane from school #3 (14.3%, and three cane from
the fourth school (2.5%. Oher children in these schools
participated in a conpanion study. (See Table 3)

The total of 119 subjects were nmade up of 66 third-
graders and 53 fifth-graders from 11 different classroons
(six 3rd grade and 5 5th grade) that represented a diverse
soci oeconom ¢ status. Ages were represented by 23 eight-
year-ol ds, 43 nine-year-olds, 24 ten-year-olds, and 29
el even-year-olds. Gender consisted of 68 femal es and 51
mal es, somewhat unequal, but again related to conveni ence
sanpling and the researcher not having control over the
nunber of consent fornms that that would be returned. (See

Tabl e 4)
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Table 3. A summary of the nunber of subjects from each of

four schools, and their relative percentage conpared to the
total sanple.
School Nunber of Percent of Sanple
Subj ects
1 55 46.2 %
2 44 37.0 %
3 17 14.3 %
4 3 2.5 %
Total 119 100 %

Table 4. A summary of the nunber and percentage of subjects

as a function of grade and age. Gender is indicated with
(*).
G ade Age Nunber of Total by Per cent of
Subj ect s G ade Subj ects
3 8 Years 23 N = 66 19.3 %
9 Years 43 3'4 Grade 36. 1%
5 10 Years 24 N = 53 20. 2%
11 Years 29 5t" G ade 24. 4%
*68 Femal es, 51 Mal es 119 119 100%

Noi se Measurenents

Testing was conducted in roons that were within the

acceptabl e noise criteria |l evel s suggested by ASHA; which

is 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).

using a Quest-188 sound | evel

Ambi ent noi se was nonitored

met er and rechecked when




noi se | evel s changed noti ceably.

At no tine were
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measurenents taken that exceeded ASHA gui delines. (See Tabl e

5)

Tabl e 5. Recorded noi se neasurenents (in dB) for each

school and test area conpared to ASHA gui del i nes, 1997.
Hz ASHA | School | School School 3 School 4
1 2

Area 1 |Area 1| Area 1| Area 2 | Area 1| Area 2
500 46 33.6 39.0 39.5 34.6 37.9 33.6
1000 49.5 25.9 32.5 27.5 30.5 33.7 35.3
2000 54.5 21.6 27.0 21.6 25.3 33.7 32.6
4000 62 19.2 20.6 23.3 29.0 31.9 31.6

Factor Structure (Question 1)

The SPSS qualitative statistical

anal ysi s program was

used to conpute exploratory factor anal ysis on the data.

Three factors with an eigenval ue greater than 1.0

(4.0,

extraction nethod and a Promax wi th Kai ser

rotation.

1.5,

They are reported in Table 6.

Factor |

1.1) emerged using a maxi mum |i kel i hood

normal i zati on

i ncl udes

bot h nSAAT and SINCA and is thus considered the MSC factor.

Fact or
bi naur al

t oget her

i ncl udes both CS and DD and is believed to be the

factor.

under what

Finally; TAP, PP, DP and GAP al

is believed to be the APTO ar ea.

f act or
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Table 6. Exploratory factor anal ysis using a maxi num
I'i kel i hood extraction nethod and a Promax with Kai ser
normal i zation rotation nethod. Weightings <.25 are omtted.

TESTS Factor | — |Factor |l |Factor |11
(VsO) - (BI/BS) |- (APTO
1. MSAAT |.75
RE
MSAAT | . 51
LE
2. SINCA |-.67
RE
SINCA | -. 57
LE
3. CS 1.0
RE
(O . 64
LE
4. DD . 30 .42 . 39
5 PP .61
6. DP . 28 .44
7. TAP . 75
8. GAP -.29

Dichotic digits showed up in all three categories at
>. 25 but the weighting was strongest along with conpeting
sentences, the other binaural task. According to Nunnally,
it is quite easy to find a set of itens that neasure
multiple factors, as seens to be the case with DD. (p. 308)
VWhat is wanted is that we have clusters of itens that have
relatively higher correlations with one another but | ower
correlations wth nmenbers of other clusters. Itens with

simlar distributions tend to correlate nore highly with
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one another than items with dissimlar distributions. (p.
318)

Expl oratory factor analysis can be influenced by snall
data changes, and since this was found with our data, a
second factor analysis was run using the sane extraction
and rotation nethod after two GAP outliers were renoved
fromthe data set (these two subjects could conplete the
task only at or beyond the greatest nsec |level). The
resulting factors are provided in Table 7. Initial
ei genvalues for the three factors were 4.0, 1.5, and 1.0
respectively.

In this case, DD showed up strongest with Factor |11
whereas it was show ng up across the board but strongest
with Factor Il before. In addition, the GAP test showed up
as |l oading strongest with Factor | instead of Factor I11.
This problemw th GAP, plus others, suggested it m ght need
to be renoved

A third analysis (Table 8) was run after renoving al
of the GAP data and while using right and | eft DD scores
rather than a total DD score. A principle axis extraction
met hod and a Promax with Kaiser normalization rotation
met hod was used. Initial eigenvalues for the three factors

were 4.2, 1.6 and 1.1 respectively. This showed expected



wei ghtings for

MBC tests than with the APTO ar ea.

Tabl e 7.

Expl oratory factor analysis using a maxi mm
i kelihood extraction nethod and a Promax w th Kai ser
normal i zation rotati on nethod after

removi ng two GAP

outliers. Weightings <.25 are omtted.
TESTS Factor | — |Factor Il |Factor |11
(MSO) — (BI/BS) |- (APTO
1. .71
VBAAT
RE
.54
VBAAT
LE
2. -.66
SI NCA
RE
-.59
SI NCA
LE
3. CS .94
RE
CS . 65
LE
4. DD . 36 .51 *
5. PP . 67
6. DP .30 . 46
7. TAP .75
8. GAP -.29 *

27

DD but DP then | oaded slightly nore with the
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Tabl e 8. Exploratory factor analysis using a principal axis
extraction nmethod and a Promax with Kaiser nornmalization
rotation nethod after the GAP data was renoved. Wi ghtings
<.25 are omtted.

TESTS Factor | — | Factor 11 Factor |11
(VsO) - (BI/BS) |- (APTO
1. . 68
MSAAT
RE
.55
MSAAT
LE
2. -. 70
SI NCA
RE
-.71
SI NCA
LE
3. CS . 30 . 56
RE
(O . 33 . 59
LE
4. DD Ri ght .70
Left .82
5 PP .51
6. DP . 42* . 36
7. TAP . 87

Frommultiple factor anal yses, depending on the
extraction and rotation nmethods used, sonme differences in
| oadi ngs are evident. The previous MAPA tests (MSAAT, CS
DD, and PP) factored in these factor results largely
according to expectations and into the nonaural, binaural,
and APTO areas. Dichotic digits was not as consistent as
the others and did show unexpected factor | oadings, at

times. O the four new subtests, DP and GAP were the | east
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consi stent while TAP and SINCA factored beautifully wthin
the expected areas. Three different ways of show ng the
factor results were presented because all of them have

i nformational val ue.

G ven the above stated factor results, DP and GAP were
renmoved from analysis and two nore factor anal yses were run
on the remai ning six subtests (NBSAAT, SINCA CS, DD, PP
and TAP). First, factor results include those for right and
| eft ear scores shown separately, and then the factors on
total scores for each test (conbining right and left ears
for nBAAT, SINCA, and CS) are shown.

Initial eigenvalues for the three factors in Table 9
were 3.5, 1.4 and .95 respectively. Initial eigenval ues
for the three factors in Table 10 were 2.68, 1.19, and .76
respectively. Eigenvalues under 1.0 are shown because of
the presuned factor structure. This is not standard
protocol but justified in a case like this (Kim& Mieller,
1978; Rummel, 1970; Tabi achnick & Fiddel, 1996) from Letter

to the Editor (Schow et al., 2002).



30

Table 9. Exploratory factor analysis using a principal axis
extraction extraction nethod and a Promax with Kaiser
normal i zation rotation nmethod after renoving GAP and DP
subtests. Weightings <.25 are omtted.

TESTS Factor | — | Factor 11 Factor |11
(VsO) - (BI/BS) |- (APTO
1. . 68
MSAAT
RE
.55
MSAAT
LE
2. -. 70
SI NCA
RE
-.56
SI NCA
LE
3. CS . 84
RE
(O .72
LE
4. DD -.29 .48 . 37
5 PP 54
6. TAP . 80
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Tabl e 10. Exploratory factor analysis using a principal
axi s extraction extraction nethod and a Promax with Kai ser
normal i zation rotation nmethod after renoving GAP and DP
subtests. Weightings <.25 are omtted.

TESTS Factor | — |Factor |1 Factor 111
(VsO) - (BI/BS) |- (APTO

MBAAT .74

SI NCA -.72

CS . 35 . 65

DD . 25 . 67

PP .74

TAP . 50

As Tables 9 and 10 illustrate, when GAP and DP data
are renoved from anal ysis, the remai ning six subtests
factor nicely within their expected content areas:

MBATT/ SINCA into MSC, CS/DD into BI/BS, and PP/ TAP into
APTO even t hough ei genval ues | ess than one were included.
Dichotic digits overlaps with another Auditory Processing
(AP) task as was seen before, but | oads strongest, where it

shoul d, along with conpeting sentences.

Correl ati ons (Question 2)

Each of the eight subtests were correl ated agai nst
each other. The findings are presented in Table 11. The

three groups of highlights represent those tests that are
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expected to correlate favorably together by category, i.e.,
MSC, Binaural, and APTO The stars indicate the
significance of correlations based on the .05 (*) and .01
(**) 2-tailed |level.

A correlation coefficient indicates the size and
direction of a relationship. Hghly reliable correlations
(closer to 1.0) suggest that persons generally have simlar
scores when retaking the test. Low correlations (closer to
.00) suggest that the variables are | ess related and hi gher
variability can be expected upon retest.

The question of how high a coefficient nust be to be
considered good is not easy to answer. 1In general, it’'s a
conparative matter. A coefficient of .50 m ght be
acceptable if it’s the only test available to predict a
given criterion and it could be inadequate if other tests
are available with higher coefficients. Airasian and Gay
suggest one way to | ook at correl ations: bel ow plus or
m nus .35, not related; between plus or mnus .35 to .65,
noderately rel ated; and hi gher than plus or mnus .65,
highly related. In Table 11, itens bol ded neet correlation
expectations at the plus or mnus noderate, .35, level or

hi gher .



Tabl e 11. Pearson correlations for the eight subtests.
(**=correlation is significant at the .01 |evel;
*=correlation is significant at the .05 level). Three
groups of highlights represent tests expected to correl ate
favorably. Bolds represent tests that neet +/- .35
criteria.

TESTS | MSAAT | MSAAT | SINCA | SINCA | CS Cs DD TAP | PP DP GAP
Ri ght Left Ri ght | Left Ri ght | Left
MSAAT | 1. 00
Ri ght
MSAAT | . 42 1.00
Left B
SINCA| -.54 -.40 1.00
Right * % * %
SINCA | -. 24 -.36 . 46 1.00
Left * % * % * %
Cs . 25 .33 -.45 -.27 1.00
nght * * * * * * * *
Cs . 28 . 38 -.32 -.27 . 65 1.00
Left * * * * * * * * * %
DD .01 .10 -.16 .00 .42 .38 | 1.00
* % * %
TAP .07 .32 -.29 -.00 . 28 .28 |.35 |1.00
* * * * * * * * * *
PP .24 .35 -.32 -.29 .39 .29 |.39 |.46 |1.00
* * * * * * * * * * * * * * * %
DP .32 .39 -.39 -.40 .47 .41 | .33 |.42 |.52 1.00
* * * * * * * * * * * * * * * % * %
GAP -.04 -.08 . 06 .09 -.02 -.15 (.02 |-.20 |-.14 -.17 | 1.00
*
Hi ghl i ghts Above Hi ghl i ghts Above Hi ghl i ghts Above
MSC Bi naural (BI/BS) APTO




Using a criteria of +/- .35, all tests correlate
favorably against tests within their respective categories
except SINCA left with MSAAT Right (which is stil
significantly correlated at the .01 |evel), and GAP agai nst
all other tenporal tests.

These findings support the factor analysis results
that indicated GAP does not factor well wth the other
tenporal tests in the battery. Even though DD showed
wei ghtings across categories in factor analysis,
neverthel ess, correlations with conpeting sentences in the
bi naural category are reasonably strong. Duration patterns
and GAP were the nost inconsistent by factor analysis, and
simlarly, DP appears to correlate in all three categories
and GAP does not correlate favorably with any of the other
subtests. In addition, CS Left has higher correlations with
MBATT | eft than we m ght expect (.38), and SINCA right
appears to have nore in comon with CS right (.45).

Al t hough PP correl ates best, as expected, within the APTO
area, it also correlates nearly as well wth MSAAT Left, CS
Right, and DD in the two other content areas. As Nunnally
says, it is quite easy to find a set of itens that nmeasures

mul tiple factors (p. 308).



Test/ Retest Reliability

Good test/retest reliability has historically been
difficult to establish when assessing for APD, due to
changes in alertness, cognitive status, and conpensation
strategies (Chermak & Musiek, 1997). Cacase 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 the past. Reliability
is expressed nunerically, usually as areliability
coefficient. Reliability is crucial in test devel opnent,
however, a reliable test is not always valid. For this
reason, the careful validity neasures taken by the
researcher and described in the nethods section becanme an
i nportant precursor to the question of test/retest
reliability. These neasures included such things as
provi ding breaks and test rotation to guard agai nst subject
fatigue effects, elimnating children from consideration
who had cognitive invol venment or English as a second
| anguage issues, conducting daily listen checks and
cali bration checks (where appropriate) on the equi pnent,
providing training instructions to the adm nistering
clinicians, etc.

Twenty children were randonmly sel ected to undergo a

second administration of the test battery (ten 3'9 graders
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and ten 5'" graders). N neteen were tested as one 5'" grader
was absent on the day of testing.

Al children were tested in the same test roonms, under
simlar conditions, and wth a passage of tinme of at |east
one week and up to ten days (nean 8.5 days). Conpared to
the nean test/retest tinme for SCAN-C of 6.5 days (Keith,
1986), this is believed to be a reasonabl e anount of tine
bet ween adm ni strati ons.

The sanme neasures were taken during retest to ensure
ideal and as close to identical testing conditions as
possi ble. For exanple, a fan was covered, the school
intercomwas turned off, doors were shut during testing,

di viders were used to reduce distraction, etc.

Pearson correlations for the test and retest subtests
are summari zed in Table 12. Conposite scores were
cal cul ated for CS, nSAAT, and SINCA by conbining the right
and left ear scores. Scores on the individual tests were

al so consi dered separately and are incl uded.
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Tabl e 12. Pearson correlations listed fromhigh to |ow,
between test and retest for the Beta IIl version of the
MAPA for 19 subjects (ten 3¢ graders and nine 5'" graders).

Test / Ret est Correlation |Interpretation
(Airasian/ Gay Reconmmendat i on)

PP .91

DP .90

CS Overal | . 86

CS Left . 82 HI GHLY RELATED

CS R ght .79

TAP A7

DD Tot al .73

MBAAT Overal | . 67

MBAAT Ri ght .62

MSATT Left . 59 MODERATELY RELATED

SI NCA Left .30 *

GAP . 29

SI NCA Ri ght .20 * NOT RELATED

SI NCA Overal | .11

*Note. SINCA test/retest inproved after renoving half the
items and doubling the remainder (left .50, right .53).
Moderate correl ations can probably be achieved by this
strategy, but further data are needed to verify this.

In this study the concern was how dependabl e or stable
is the Beta Il version of the MAPA. How consistently w ||
there be simlar results upon adm ni stration of the sanme
subtests, to the sane subject, under simlar circunstances,
after a passage of tinme? The nore confidence there is that

the scores obtained the first tine can be obtained again,

then the nore reliable a test is believed to be. Hi gher



reliability indicates m ninmumerror variance (A rasian &
Gay, 2000).

It may be noted that test/retest reliability has a
close relationship with equivalence reliability.
Equi val ence reliability is being considered separately, in
a conpani on study, by Laurie Conlin at lIdaho State
Uni versity.

Reliability correlations between test and retest
ranged fromexcellent for PP and DP, to poor for GAP and
SI NCA. Using the criteria suggested by Airasian & Gay
previously stated (not related below +/- .35, noderately
related +/- .35 to .65, and highly related greater than +/-
.65), PP, DP, CS, TAP, DD and MSAAT (overall) had high
test/retest correlations. Wen the right and left ears
were consi dered separately, MSATT had noderate test/retest
correlations. GAP and SI NCA had poor correl ations.

It should be noted that when half of the itens were
renoved from SINCA and the remai nder doubl ed, the
test/retest correlation for the left was .50 and for the
right was .53. SINCA will be revised and retested on
anot her group of children in a subsequent study. Thus,
SINCA test/retest shows prom se of inprovenent and

correlations wll be revisited follow ng test revisions.



GAP al so needs nore work but on this study it was in part
renoved due to poor test-retest correl ations.

The neans for each test and retest were al so
considered individually. (See Table 13) Al groups in
Tabl e 13 denonstrated slight inprovenment on test/retest
mean scores except DP. The difference on DP was very
slight. OQherwi se there appears to be a nodest |earning
effect for all scores, which is not unexpected. A paired

t-test on the neans for all children (N=19) showed a
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significant difference where the learning effect appears to

be greatest, i.e., at the .05 level for DD and PP and at

the .01 |l evel for nSAAT and CS



Tabl e 13. Test/retest nean scores for the eight subtests

adm ni stered to 19 children.
of slightly | ower

retest scores.

Bol ded itens are indicative
+Paired t-test for all

children only. *Indicates sig at p<0.05. **|ndicates sig at

p<. 01.
8 — 9 Years 10 — 11 Years +All Children
TEST | (39 Grade) N=10 | (5'" Grade) N=9 N=19

TEST RETEST | TEST RETEST | TEST RETEST
NVBAAT 21.9 26. 7 25.1 28.7 23.4 27.6%*

SI NCA 5.2 4.5 3.7 2.6 4.4 3.6
CS 23.2 25.7 26.6 31.4 24.8 28. 4%+
DD 74.5 75.9 77.6 90. 3 76.0 82. 7%

GAP 12.5 9.2 16. 1 8.8 14.2 9.0
PP 7.8 8.9 10.6 12.6 9.1 10. 6*

DP 5.8 5.2 10.6 11.8 8.1 8.3
TAP 20.0 20.9 20.3 22.7 20.3 21.7
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Means and Standard Devi ations (Question 3)

Tabl e 14 represents the nmean raw scores and respective
SDs for the eight subtests that were adm nistered to the
subjects in this study. The information is presented for
each individual age category and al so for the overal
sanpl e where N=119.
Tabl e 14. Mean raw scores and respective SDs for the eight

i ndi vi dual subtests admi nistered to 119 children from@8 —
11 years.

TEST X & SD | Age 8 Age 9 Age 10 |Age 11 |Total
(Left/Right Ear) N=23 [N=43 |[N=24 |[N=29 |N-= 119
1. NMSAAT X 11.1 11.3 12.3 13.2 11.9
RE SD 2.7 3.3 3.4 2.8 3.2
MSAAT X 10. 8 11. 4 11.9 12.3 11.6
LE SD 2.7 2.7 2.7 2.5 2.7
MSAAT X 21.9 22.7 24.3 25.5 23.5
SD 4.5 5.4 4.9 4.1 5.0
2. SINCA X 5.3 5.8 3.5 3.9 4.8
RE SD 2.6 3.1 3.1 2.8 3.1
SI NCA X 5.6 4.8 4.1 3.8 4.6
LE SD 2.5 2.3 2.0 2.1 2.3
SI NCA X 5.4 5.3 3.8 3.9 4.7
SD 2.1 2.4 2.4 1.8 2.3
3. CS X 11. 4 12.6 13.9 14. 4 13.1
RE SD 3.2 4.5 3.8 3.9 4.1
CS X 9.8 12.2 13.9 15.0 12.7
LE SD 4.1 4.1 4.2 3.8 4.4
CS X 21.3 24. 7 27.8 29.4 25.8
SD 6.6 7.7 7.4 6.8 7.7
4. DD X 71.7 72.0 79.7 81.6 75.8
SD 13.6 14. 6 17.6 13.5 15.3
5. PP X 9.5 11.1 13.2 11.8 11.4
SD 5.5 5.5 5.7 5.8 5.9
6. DP X 5.9 7.6 11.6 12.0 9.2
SD 4.4 4.4 4.8 4.9 5.4
7. TAP X 22.2 22.0 24.9 22.1 22.6
SD 5.1 5.1 3.4 5.3 4.9
8. GAP X 11.0 12.9 10.1 11.1 11.5
SD 5.2 7.0 3.7 11.0 7.4
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Means and SDs for nSAAT, CS, DD, and DP all show
i nprovenent as expected with increasing age, however, sone
i nconsi stencies were found for SINCA PP, TAP and GAP. Wy
this occurs is unknown but may be related to an
insufficient N or because the tests may not be strongly age
dependent. The size of the sanple influences both the
representativeness of the sanple itself and the statistical
anal ysis of the data (Airasian & Gay, p. 134). The
researcher, therefore, considering these inconsistencies,
col l apsed the information into two age groups: 8-9 years
and 10-11 years (Table 15). This renoved the
i nconsi stencies so that prelimnary nornms could nore
reliably be established. Wth this adjustnment, all nean

scores are now better for the ol der children.



Tabl e 15. Mean raw scores and respective SDs for the eight
i ndi vi dual

subtests adm nistered to 119 children for 8-9 yr
and 10-11 yr groups.

TEST X & SD|8 - 9 Years 10 — 11 Years Tot al
(Left/Right Ear) (39 grade) (5" grade) N = 119
N = 66 N = 53
1. MSAAT X 11.2 12. 8 11.9
RE SD 3.1 3.1 3.2
MSAAT X 11.2 12.1 11.6
LE SD 2.7 2.6 2.7
VBAAT X 22. 4 24.9 23.5
SD 51 4.5 50
2. SI NCA X 5.6 3.7 4.8
RE SD 3.0 2.9 3.1
S| NCA X 51 3.9 4.6
LE SD 2.4 2.1 2.3
S| NCA X 5.4 3.8 4.7
SD 2.3 2.1 2.3
3. CS X 12.2 14. 2 13.1
RE SD 4.1 3.8 4.1
CSs X 11. 4 14.5 12. 7
LE SD 4,2 4.0 4.4
CS X 23.5 28.7 25.8
SD 7.5 7.1 7.7
4. DD X 71.9 80.7 75.8
SD 14. 2 15. 3 15. 3
5 PP X 10. 6 12. 4 11. 4
N = 47 SD 6.0 5.7 5.9
W O Rev
PP X 12.0 13.2 12.6
N=72 SD 5.5 4.9 52
W Rev.
6. DP X 7.0 11.8 9.2
SD 4.9 4.8 5.4
7. TAP X 22.0 23.3 22.6
SD 51 4.7 4.9
8. GAP X 12. 2 10. 6 11.5
SD 6.4 8.4 7.4




Tabl e 16 provides performance standards (norns) based
on subj ect performance one and two SDs bel ow the nean for
the current study. Scores for PP and DP were so | ow that
it was inpossible to find all 2 SD cutoffs, so neans and
SDs were calculated for the 72 children for whomreversals
were noted while scoring the PP and DP subtests. The
problemw th PP was resolved with reversals scoring so that
all 2 SD cutoffs could be defined. Per f or mance st andards
with reversals are included in the table for PP, but not
for DP, because the small nunber of reversals for DP did
not change the DP cutoff problem Since DP and GAP w ||
likely be renoved fromthe battery, this DP problemis not
a nmaj or concern.

Tabl e 17 shows the nunber of children down nore than 1
SD or 2 SD on APD tests based on the current study (Domtz,
1997 & Shiffman, 1999). The table indicates that 48
subj ects (40% of the sanple) were found to be down nore
than 1 SD on at least 1 subtest for APD and 14 subjects
(11.8% of the sanple) were down nore than 2 SD based on
such a strategy. These were the final calculations after

GAP and DP tests were renoved from consi derati on



Tabl e 16.

Performance standards (norns) at 1 and 2 SDs
bel ow the nmean for the current study.

TEST X & SD' s 3" Grade 5'" Grade Tot al
(Left/Right Ear) 8-9 Years | 10-11 Years | N = 119
N = 66 N = 53
1. MSAAT X 11.2 12.8 11.9
RE 1 SD 8.1 9.7 8.6
2 SD 5.0 6.8 5.6
MBAAT X 11.2 12.1 11.6
LE 1 SD 8.5 9.5 8.9
2 SD 5.8 7.0 6.1
MBAAT X 22. 4 24.9 23.5
1 SD 17. 4 20. 4 18.6
2 SD 12.3 16.0 13.6
2. SI NCA X 5.6 3.7 4.8
RE 1 SD 8.6 6.7 7.8
2 SD 11.5 9.6 10.9
SI NCA X 5.1 3.9 4.6
LE 1 SD 7.5 6.0 6.9
2 SD 9.8 8.0 9.2
SI NCA X 5.4 3.8 4.7
1 SD 7.6 5.9 7.0
2 SD 9.9 7.9 9.3
3. CS X 12. 2 14. 2 13.1
RE 1 SD 8.1 10. 4 9.0
2 SD 4.0 6.6 4.9
CS X 11. 4 14.5 12.7
LE 1 SD 7.1 10.5 8.4
2 SD 2.9 6.6 4.0
CS X 23.5 28. 7 25.8
1 SD 16.0 21.6 18.1
2 SD 8.6 14.6 10. 4
4. DD X 71.9 80. 7 75. 8
1 SD 57.8 65. 4 60. 6
2 SD 43. 6 50.1 45. 3
5.PP (w0 Rev) X 10.6 12. 4 11. 4
N = 47 1 SD 4.6 6.7 5.5
2 SD 1.0 0
5. PP (Reversals) | X 12.0 13.2 12.6
N =72 1 SD 6.5 8.3 7.4
2 SD 1.0 3.4 2.2
6. DP X 7.0 11.8 9.2
1 SD 2.1 7.0 3.8
2 SD 2.2
7. TAP X 22.0 23.3 22.6
1 SD 17.0 18.7 17.7
2 SD 11.9 14.0 12.8
8. GAP X 12. 2 10.6 11.5
1 SD 18.6 19.0 18.9
2 SD 25.0 27. 4 26. 3




Tabl e 17.

based on the six subtests (GAP and DP renoved) for the

current study on at

| east one subtest.

# of SD [N | %of Sanple
1 48 40%
2 14 11. 8%

Table 18 is a breakdown that shows the nunber and

percent age of subjects,
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Nunber of children down nore than 1 SD or 2 SD

by age category, who had difficulty

with each subtest and scored below 1 or 2 SDs on any given

subt est .

Tabl e 18.

Nunmber of children by age in years,

and

percentage of the sanple who scored outside the nean by 1
and 2 SDs on each test.

TEST SD 8-9 Years % 10-11 Years % Al | %
(3'% G ade) (5'" G ade) Subj ect s
N=66 N=53 N=119
MSAAT | 1 6 9.0 9 17.0 |15 26
2 3 4.5 1 1.9 4 6.4
SINCA |1 8 12.1 |6 11.3 |14 23. 4
2 2 3.0 2 3.8 4 6.8
Cs 1 11 16.7 |7 13.2 18 29.9
2 0 0 1 1.9 1 1.9
DD 1 11 16.7 |8 15.0 |19 31.7
2 0 0 1 1.9 1 1.9
PP 1 13 19.7 |7 13.2 | 20 16. 8
2 2 3.8 2 1.7
DP 1 15 22. 7 11 21.0 | 26 21.8
2 1 1.9 1 1.0
TAP 1 9 13.6 |2 3.8 11 17. 4
2 2 3.0 3 5.7 5 8.7
GAP 1 6 9.0 1 1.9 7 10.9
2 1 1.5 1 1.9 2 3.4
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When considering all tasks in their content areas
(MsC, BlI, and APTO, but after GAP and DP were renoved from
consi deration, the breakdown in Table 19 suggests that al
three APD test areas are relatively equal in difficulty.
Table 19. A sunmary of the total population for this study
who scored nore than one and two SDs bel ow the nean in the

MSC, APTO, and BI/BS content areas of auditory processing.
APTO, here, does not include GAP and DP

CONTENT AREA SD | N % of
Sanpl e
M5C 1 28 123.5
( MBAAT/ SI NCA) 2 6 |5.0
APTO 1 26 121.8
( PP/ TAP) 2 6 |5.0
Bl / BS 1 32 |26.9
(CS/ DD) 2 2 |2.0

The percentage for both the 1 SD (40% and 2 SD
(11.8% populations are high. Typically, cut-offs at 1 SD
bel ow the nean results in sanple percentages of about 16
percent and cut-offs at 2 SDs below the nean result in
sanpl e percentages of about 2.5% (Airasian, p. 444).
However, in this case, we were considering six subtests in
three different APD areas, and so a hi gher nunber is
expected since different children could have problens only
on one of these different tests and increase the overal
nunber identified. |If everyone had a problemin all three
areas, then 2.5% and 16% cut-off’s m ght apply, but several

have problens in only one area. (See Table 20)



It seens the criteria for 1 SD or 2 SD, considering
t he above, needs to be adjusted in the case of a multiple
battery, even though these current cut-offs are used w dely
in the field (Chermak, personal comrunication, Mrch 2003).
What ever the strategy, further testing and consideration of
ot her sources could be considered to confirmthe tentative
di agnosi s and reduce the nunbers by requiring nmultiple
areas of difficulty (MFadden, 1996).

The | ower-scoring 14 subjects representing 11.8
percent of the sanple, who are below 2 SDs in at | east one
area will be discussed in terns of APD diagnosis. Their
severity ranged fromaffecting one AP area to all three,
and were based on 6 different subtests (two in each content
area). One or two stars were assigned to represent degree
of invol venent based on SDs. |If the subject scored nore
than 1 SD bel ow the nean on a given test, 1 star was
assigned. Two stars were assigned for those tests whose
scores fell nore than 2 SDs bel ow t he nmean. Based on SD
cut-offs for one or nore tests, it is reasonable to think
of APD severity in ternms of how many areas are affected and
the degree (1 SD or 2 SD) of difficulty.

Table 20 is a representation of the 14 children, the
nunber of areas affected, the severity of the problem

represented by stars, and a suggested di agnosis. Four
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children were affected in one content area, five were
affected in two content areas, and five were affected in
all three areas. The descriptors mninmal, noderate, and
serious APD were assigned based on the nunber of content
areas affected.

Fourteen children (12% seens to be a reasonable
nunber to identify for this sanple, and supports the
current battery of six test areas and the nmean and SD data

as used in Table 16 to identify the 14 children.



Tabl e 20. A representation of the 14 subjects who scored
below 2 SD on at | east one APD subtest, the nunber of areas
af fected and severity |level, and a suggested di agnosis. One
star was assigned for each of the six subtests whose score
was nore than one SD bel ow the nmean. Two stars were

assi gned for each subtest whose score was nore than two SD
bel ow t he nean.

Ar eas Severity/ Stars N D agnosi s
Affected
1 * (2) 3 M ni mal APD
(4 cases)
1 *xk (3) 1
2 * k% (3) 3 Moder at e APD
2 * KKk (4) 1 (5 cases)
2 FEEREFF (6) 1
3 *ok ok kK (5) 1 Serious APD
3 R R xR (6) 3 (5 cases)
3 FEEEFFF 7 1
N = 14

Scal e of Auditory Behaviors/Co-norbidity (Question 4)

In order to determne the status of the subject’s
performance conpared to teacher and parent report, the
audi tory behavi or questionnaire was exam ned. (See Appendi x
C) This scale is a lickert scale with five choices per
item A response of “1” indicates that the child
frequently exhibits the behavior. A response of “2” neans

often, “3” nmeans sonetines, “4” neans seldom and “5” neans




never.

poi nts which is the best possible score.
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The child s scores are added for a possibility of 60

Table 21 illustrates the neans and SDs found for the

scal e of auditory behaviors as conpl eted by sone, but not

al |,

subjects and also for others that were collected for

a conpani on study.
poi nts),
sel f
testing results,
al |

t he findings.

Tabl e 21:

Mean and SDs for

Approxi mately 1 or

were used to indicate | evels of concern.

parent and teacher
the scal e of auditory behavi or questionnaires.

of the parents and teachers for the current 119

use in

1.5 SDs (<35 and <30

If the

report scales are used to conpare wth behavi oral

there is a way to collate and corroborate

responses to
1.0 and 1.5

SD are represented and may be considered | evels of concern.

Behavi or Scal e

Parent N = 117 Teacher N = 120
3'Y Graders X 45. 6 X 43.5
(8 — 9 Years) SD 9.6 SD 10.7
5! Graders X 46. 8 X 47. 4
(10 — 11 Years) SD 11.5 SD 9.6
Tot al X 46. 1 X 45. 3
SD 10. 4 SD 10. 3
Concern 1 35(~1 SD) Concern 1 35 (~1 SD)
Concern 1.5 30(~1.5 SD) | Concern 1.5 30 (~1.5 SD)

Tabl e 22 shows the 14 children diagnosed with APD by

severity (m nimal,

nmoder ate, serious),

correspondi ng parent/teacher self-report

who had a questionnaire avail abl e.

and t he

ratings for those
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Tabl e 22. Shows the 14 chil dren di agnosed wth APD by
severity (mniml, noderate, serious), gender, and the
correspondi ng parent/teacher self-report ratings. (*) neans
at risk; (**) neans di agnosed.

Code # APD Co- nor bi d P T Dx
CGender Severity | ssues Score | Score
(N=14)

76 (F) No 56 *
87 (F) M ni mal LD/ Read/ Wi te/ Math **
95 (F) No 55 58 *
105 (F) No 19 28 **
1 (P No 42 40 *
33 (F) No 48 48 *
42 (F) Moder at e No 53 48 *
91 (F) No 48 *
129 (F) No a4 *
3 (M No 54 34 * %
58 (F) No *
65 (F) Seri ous LD/ Read/ Wi te/ Math 34 *x
74 (F) LD/ Read/ Wite 29 30 *
75 (F) No 60 49 *

Usi ng parent/teacher report of 35 or poorer plus
requiring at least 2 SD, then wth the 14 nost severe cases
identified by MAPA, 4 of the children would have been

identified (if you count those with co-norbidity issues




such as LD, then there are 5). This appears prom sing.

The remaining 9 children chould be considered at risk based
on MAPA results, but parent/teacher reports suggest no

i mredi ate need for treatnent.

According to parent/teacher scores alone, 18 other
children (with scores at or bel ow 35) were exhibiting
auditory difficulties at home or in the classroom Half of
these could be identified if used together with MAPA
results, as 9 of these children were anong those with test
scores on at | east one subtest below 1 SD fromthe nean.

An explanation for auditory difficulties for the remaining
9 children wll apparently then need to be sought beyond
APD as a contributing factor.

There were 12 children [11 LD (1 receiving
speech/ | anguage services), 1 ADHD] with co-norbidity issues
in the sanple. Three of these with LD were identified in
the group of 14 who scored below 2 SD on MAPA. Five nore of
the twelve (4 LD, 1 ADHD) were anong those in the 1 SD
MAPA. The remaining four did not show up in either the 1 SD
or 2 SD MAPA groups but 3 were anong those in the self-
report concern groups. So, only one child of 12 was not
pi cked up in sone part of the APD testing, but four do not

seemto have auditory issues neasurable on MAPA



The strategy suggested based on this could be to
di agnose 5 APD cases based on at least 2 SD plus at | east
one concern |evel on self report (4) or co-norbidity (1).
At risk could be assigned for the 9 others who neet the 2
SD on MAPA but do not neet the self-report concern |evel,
or do not have co-norbidity issues (9). At risk could also
be assigned if self-report is at a concern |evel and there
is at least 1 SD on one or nore MAPA scores (9 nore).

This woul d produce, in this sanple of 119, 5 with
di agnosis, 9 nore at risk based on MAPA of 2 SD and no co-
norbidity or self-report issues, and 9 as at risk based on
MAPA of 1 SD and a self-report concern level. This is a
total of 23 diagnosed or at risk. Even nore could be
considered at risk if nmulti-area/multi-star, or co-
mrmdity plus 1 SD MAPA scores were included.

Tabl e 23 summari zes the different scenarios that have
been suggested above for determning an at risk or

di agnosi s for APD.



Tabl e 23. A sunmary of suggested at risk and diagnosis
scenerios and the breakdown of findings for this study.

2 SD|1 SD Co-norbid | Self Mul ti/area,
MAPA | MAPA | ssues Report Mul ti/ Star
(1 sb2 sD
Conbos)
(1) | X X
Di agnosis (4) X X
X X X
(9) X
X X
At Ri sk (9) X X
X X X
Total 23 X

There are sonme sobering facts that create sone concern
about this diagnostic strategy. O the five diagnosed with
APD in this sanple; 1 was nale, 4 were female. O the 14
in the 2 SD MAPA group; 1 was nmale, 13 were female. On the
remaining at risk group of 9 identified by 1 SD and sel f
report; 6 were male, 3 were female. O the 23 total then; 7
were male, 16 were female. While the sanple contained nore
females (57%, it is puzzling to consider why so few nal es
were identified given the usual higher preval ence of nales
experienci ng APD as conpared to fenal es.

It should be noted that 3 children would have been

identified based on GAP or DP and thus may be overl ooked
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when those tests are elimnated. These children are
di scussed bel ow.

The first child scored 2 SDs bel ow the nean on GAP and
had a diagnosis of LD. No parent report was provi ded but
the teacher report score was 35. This child scored below 1
SD on PP and DD, so woul d have been identified as a child
at risk since the concern 1 teacher score and 1 SD on NMAPA
subtests would neet the at risk criterion suggested above.
The auditory behavior score as conpleted by the teacher was
a good indication of howthe child also perfornmed for two
of the APD content areas (PP: APTO and DD: Bl / BS).

The second child scored 2 SDs bel ow t he nean on DP and
had a parent report score of 29. This child scored below 1
SD on DD, so al so woul d have been | abel ed at risk based on
parent report (concern 1.5) as matched with a 1 SD MAPA
subtest result. Again, the auditory behavior score as
conpl eted by the parent was a good indication of how the
child also perforned in one of the three APD content areas
(DD: Bl / BS) .

The third child scored 2 SDs bel ow the nean on DP and
had a teacher report score of 56. Gven the auditory
behavi oral scale alone, this child would not have been
considered a concern 1 or 1.5. This child did, however,

score below 1 SD on both nSBAAT and CS in the M5SC and Bl /BS



57

APD content areas. Perhaps 2 areal/2 star severity children
shoul d be considered at risk in which this child would not
be lost to followup even if DPis not retained within
MAPA.

Elimnation of the three children based on DP and GAP
scores alone then, need not result in overlooking a child
wi th APD concerns based on this sanple. Al three were
anong those that would show up in a concern group if self-
report and 1 SD on a MAPA subtest were to trigger at risk
and if 2 area/2 star MAPA results also triggered at risks.

It is inportant to note that the need for nmulti-
disciplinary identification/diagnosis has been net in this
approach through the use of speech/| anguage and
psychol ogi cal diagnosis (LD ADHD) and parental and teacher
report along with audiological testing. The findings would
al so need to be confirmed in an | ET process wthin the

school s.



Summary and Concl usi ons

Factor Anal ysis

The researcher set out to answer several questions
regarding the factor structure of the Beta IIl version of
MAPA. To answer these, nultiple factor anal yses were
considered. O the 4 new subtests, DP and GAP were the
| east consistent and for them factor results varied
dependi ng on the extraction nethod and nornmalization
rotation selected. TAP and SI NCA consistently factored
beautifully within their expected content areas and DD
consistently overl apped across areas. The GAP and DP data
were renmoved from consi deration and the remaining siXx
subtests were again evaluated. TAP factored and correl ated
with PP in a favorable way; SINCA factored and correl ated
favorably with nSAAT; and the existing binaural tests (DD

and CS) factored together as predicted.

Correl ati ons

Pearson correlations on the old, revised, and new
subtests were run to answer questions anong tests and
regarding test/retest. Using a criteria of +/- .35, al
tests correlated favorably within their respective

categories except SINCA left with nSAAT right and GAP
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against all other tenmporal areas. These findings regarding
GAP supported factor analysis results. Wile DD showed

wei ghtings across categories in factor analysis,
correlations wth conpeting sentences in the binaural
category were strong. Correlations for DP | oaded in al
three content areas, simlar to the inconsistencies found
by factor analysis. Higher correlations than expected were
found between CS | eft and nSAAT left; SINCA right and CS
right; and between PP as conpared to nSAAT left, CS right,
and DD

The ol d and new subtests correlated significantly
with other tests within their factor content categories
except for DP and GAP. Based on all of the above, it is
believed that the new Beta Il version of the MAPA wi ||
energe as a nore conprehensive APD di agnostic tool and w |
work best if GAP and DP are renoved fromthe battery.

Ni net een subj ects underwent a second adm ni strati on of
the test battery. Reliability correlations ranged from
high for PP, DP, CS, TAP, DD and MSAAT (overall), noderate
for right and | eft nSAAT when the left and right ears were
consi dered separately, and poor for GAP and SINCA. It was
noted that when half of the itens were renmoved from Sl NCA
and doubl ed, the test/retest correl ati ons show prom se of

inprovenent. This will be revisited in a subsequent study.



Mean scores for were slightly higher for all children

on all tests except DP for third graders only.

Means and St andard Devi ati ons

When neans and SDs were considered by the four age
groups; nBSAAT, CS, DD and DP all showed inprovenent as
expected with increasing age while SINCA PP, TAP, and GAP
did not. The information was therefore collapsed into two
age groups (8 — 9 years and 10 — 1l years). This resol ved
t he inconsistencies. Performance standards were
established for all subtests, however, DP and PP scores
were too | ow wi thout counting reversals to establish a 2 SD
cut-off in sonme or all cases. By counting the reversals,
this problemwas resolved for PP but not for DP and the
normati ve data was changed for PP to include reversals as
correct. Since DP will likely be renoved fromthe battery
based on factor analysis and correlation results, this
probl em was not considered a maj or concern.

Based on test scores after GAP and DP scores were
renmoved, and considering PP reversals as correct, 14
subjects (12% of the sanple) met the 2 SD criteria and 48
subj ects (40% of the sanple) were found to neet 1 SD
criteria. Severity ranged fromaffecting one AP area to

affecting all three, and descriptors mniml, noderate, and
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serious APD severity were assigned based on the nunber of
areas affected.

Mean scores and associ ated SDs produced reasonabl e
normative data for identifying children with APD in al
content areas (except DP) once PP reversals were counted as

correct.

Sel f-Report and Co-norbidity

Compari ng parent/teacher report to the 14 nost severe
cases of APD identified by MAPA 5 of the 14 children had
self-reports or co-norbidity and could be diagnosed with
APD and recommended for treatnent. Considering the self-
report alone, 18 other children were subjectively judged to
be exhibiting difficulties at home and/or in the classroom
Ni ne could be explained with MAPA, as they were anong those
below 1 SD on MAPA, resulting in a total of 23 either at
risk or diagnosed with APD. (See Table 23) The other nine
concerns on self-report apparently do not have APD based on
MAPA testing and need to have expl anations for their |ower
parent/teacher scores sought el sewhere.

Regardi ng co-norbidity, 12 children in the sanple had
LD (with and w thout speech/| anguage issues) or ADHD.

Three of these were anong the 14 with 2 SD on MAPA. Five

nmore of the 12 with co-norbidity issues were anong these 9
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in the 1 SD MAPA plus self-report group. The renaining
four did not showup in either the at risk or the diagnosed
group.

Those with self-report and co-norbidity issues and no
MAPA probl ens probably shoul dn’t be consi dered as havi ng
APD. Those with 1 SD on MAPA and co-norbidity shoul d
per haps be considered at risk but were not a factor in this
study, nor were nmulti-area/nulti-star MAPA cases. However
one child identified by DP would be lost to follow up
W thout a multi-area/nulti-star at risk group

In conclusion, it appears that self-report scores and
co-norbidity data correspond and conplinent the nean and SD
data for APD in a reasonably consistent nmanner. The fi nal
concl usi ons about how we use these various factors for

di agnosis will probably require nore study.



Appendi x A

Revi ew of the Literature

Research Questi ons

As stated, this study had four questions:
1. Factor Structure:
a. Do GAP, TAP, or DP subtests factor and
correlate with PP in a favorable way?
b. Does SINCA factor and correlate favorably with
NSAAT?
c. WIIl the existing binaural tests (DD and CS)
factor together as predicted.
2. Correl ations:
a. Using Pearson correlation coefficients, do the
ol d and new subtests correlate significantly
enough with other tests within their factor
content categories so that the new Beta |11
version of the MAPA energes as a nore
conprehensi ve central auditory processing
di agnostic tool ?
b. Test/Retest: Do subjects denonstrate reliable
mean scores (via Pearson r) and non-

significantly different nmean scores (via t-



test) when conparing initial and a second
adm ni stration of the battery.

3. Do nean scores and associ ated standard devi ations
produce reasonabl e normative data for identifying
children with APD?

4. Do self-report scores and co-norbidity data correspond
and conplinent nean and standard deviation data in an

expect ed manner ?

Research Design

Correl ational studies are useful for determ ning
rel ati onshi ps, assessing consistency, and making
predictions (Ary et al, 2002, p. 359). In addition, the
guantitative nature of correlations provide for objective
results that can be nore easily interpreted for this type
of study, than can be provided by any other research
design. The factor analysis procedure is capabl e of
anal yzing the intercorrelations anong a | arge set of
measures, and al so assists in identifying a small nunber of
common factors. Factors can be used to identify content
areas Wi thin hypothetical constructs assuned to underlie
different types of psychol ogi cal neasures; for exanple
intelligence, aptitude, achievenent, personality, and

attitude. “Factor analysis indicates the extent to which
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tests or other instrunents are nmeasuring the sane thing,
enabling researchers to deal with a smaller nunber of
[content areas within] constructs.” (p. 365) The construct
APD is an abstraction that cannot be observed directly. To
measure this, it is broken down into content areas, the
subt ests proposed, and we identify the scores within these
areas on various tests. Airasian and Gay pointed out that
“You cannot see a construct, you can only observe its
effect” (p. 168),

The literature points out an inportant conceptual
di fference between scal e-level analysis versus iteml|evel
anal ysis. Scal e-level analysis considers a subtest whereas
item| evel analysis considers the itens individually within
the subtest. Nunnally (1994) does not support iteml evel
analysis as this | eads one to conclude that the set of
itens being tested are nultidinmensional when in fact they
are unidi mensional. (p. 317) Scale-level factor analysis
was used in this study and each subtest was consi dered
i ndependently. Correlational research designs best
determ ne the relationships and correlation coefficients
bet ween the various tests being expanded in the Beta I
versi on of the MAPA

Ary, Jacobs, & Razavieh (2002) state that

correlational research “investigates the extent to which
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the variables are related and the direction of the
relationship...[so that it] relates two (or nore) variable
measures fromthe sanme group of subjects.” (p. 354)

Factor analysis can be used to determ ne the structure
of the entire newy revised Beta IIl version of the MAPA to
hel p us better nmake sense of the |arge nunber of variables
and group theminto smaller clusters called factors. From
this, we are able to derive factors by finding groups of
vari abl es that were highly correl ated anong each ot her, but
lowy wth other variables.

The literature will review the follow ng rel ated
content areas: (a) APD definition controversy, (b)
preval ence and causes of APD, (c) synptons and assessnent
and how the current MAPA conpares to expert recommendati on,
(d) reliability and validity issues, (e) a discussion
regarding multi-disciplinary assessnment, and (f) the need
for nore research and the collection of |ocal normative
data. Finally, the assunptions, limtations, and

delimtations of the study will be outlined.

APD Definition Controversy

The literature in general is in basic agreenent, as
Schow and Chermak (1999) state that: “Central auditory

processi ng disorders (CAPDs) are anong the nost chall engi ng
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di sorders facing the school audi ol ogi st and ot her

pr of essional s concerned with identification and
rehabilitation of auditory disorders.” (p. 137) However,
there has been sone di sagreenent as to what constitutes the
conplete definition of CAPD, now renaned, APD.

In 1996, The Anmerican Speech Language Heari ng

Associ ation (ASHA) task force issued a technical report
listing six behaviors that characterize auditory
processi ng, and defined CAPD as a deficiency in any one or
nore of the foll ow ng areas:

Central auditory processes are the auditory system

mechani snms and processes responsi ble for the foll ow ng

behavi oral phenonena:

1. Sound localization and | ateralization.

2. Auditory discrimnation.

3. Auditory pattern recognition.

4. Tenporal aspects of audition, including (a) tenporal
resolution, (b) tenmporal masking, (c) tenpora
integration, and (d) tenporal ordering.

5. Auditory performance decrenments wth conpeting
acoustic signals.

6. Auditory performance decrenents with degraded

acoustic signals. (p. 41)



Later, Schow et al (2000) proposed a revision of the
ASHA definition based on factor analysis on the MAPA tests
t hey recomended for making an APD di agnosis. They st at ed:

Al though this [ASHA] definition was specific and

useful, the relationship between processi ng phenonena

and test nmeasures was | eft somewhat unresolved in that
only five behavioral auditory procedures were |isted
to measure the six areas in question. Further, the
five auditory neasures did not correspond in a sinple

way to the behavioral processes listed. (p. 63)

They pointed out that ASHA defined six characteristics of
APD, but only offered five objective ways to neasure these
six areas. In addition, based on research data they had
coll ected (Schow & Chernmak, 1999; Domtz & Schow, 2000),
anong the five suggested ways to test for APD, they found
that only four tests which were commonly used showed
separate factors, and these only represented three of the
ASHA areas (tenporal, nonaural, and binaural areas with

| ocal i zation, discrimnation and patterns folded into those
three). Schow et al, 2000, proposed a change in nanes given
to the processes and closely synchroni zed nam ng of the
behavi oral auditory test neasures.

Measur abl e behavi oral processes:

1. Auditory Pattern/tenporal ordering (APTO.



2. Monaural separation/closure (as required in | ow
redundancy listening due to conpetition or
degr adat i on).

3. Binaural separation (directed |listening and
reporting of one or both ears in a precise order).

4. Binaural integration (non-directed |listening and
reporting of both ears).

Behavi oral auditory test neasures:

1. Auditory pattern/tenporal ordering (APTO tasks

(e.g., pitch patterns).

69

2. Monaural separation/closure (MSC) tasks (e.g., SCAN

— auditory figure ground, SCAN — filtered word, or
nmonaur al Sel ective Auditory Attention Test nSAAT).

3. Binaural separation (BS) tasks (e.g., conpeting
sent ence) .

4. Binaural integration (Bl) tasks (e.g., dichotic
digits). (p. 67)

They noted the possibility of 3 and 4, the two

bi naural areas being folded into one, because the

correlation between these two was a .7 on the MAPA battery.

It is on the basis of this definition, and upon these
recomended auditory test neasures, that the current study
will base its findings wwth the two binaural areas fol ded

i nto one. It should be noted that those within ASHA have
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not revised the characteristics of what constitutes an APD
nor changed the recommendati ons for testing, but the Schow
et al. recommendati on has not been chall enged by them
either. A task force is currently in place to nake a new
statenent and an official at ASHA reported recently to
Schow that terns suggested within the Schow et al. docunent
are being used in the new AHSA statenent (persona

communi cati on, 2003).

In 2000, a group of 14 senior scientists and
clinicians held a conference in Dallas, to reach a
consensus regardi ng APD i ssues (Chermak, 2001, p.10). In
support of a change, but criticizing the fact that there
were few in attendance who actually worked with APD
children on a daily basis, Katz et al. (2002) issued the
follow ng statenent: “W recommend that another consensus
conference be devel oped, that includes educati onal
audi ol ogi sts as well as researchers and clinicians from
rel ated professions who assess/treat children with APD
every day in schools and clinics.” (p. 17)

Central Auditory Processing Di sorder (CAPD) is now
known in the field as Auditory Processing D sorder (APD).
The new acronym APD, enphasi zes the interaction of
di sorders at both the peripheral and central sites al ong

the auditory pathway (Jerger & Misiek, 2000, p.468), rather
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than central deficits exclusively. Auditory processing is
commonly referred to as what we do wth what we hear (Katz,
1992), but it is not a |label for one specific condition.
Rather, it is a description for a heterogeneous group of
functional deficits (ASHA, 1996, p.41) in areas that are
not nodality specific, such as with attention, |earning,
notivation, and deci sion nmaking processes that often
coexi st with APD. Anpbng the nost common co-norbid di agnoses
associated wwth APD are Learning Disability and Attention
Deficit Hyperactivity D sorder (Chermak, 2001, p.12).
Diagnosis is inportant in case problens need to be (1)
treated nedically, (2) for awareness reasons that nay have
an influence on the inprovenent of attitudes, (3) to
i nprove student performance (academ c planning), (4) to
reduce the tendency to shop around for treatnents that may
not work, (5) to reduce fear/stress effects, etc. (Schow,

per sonal communi cation, 2002).

Pr eval ence/ Causes of APD

The preval ence of APD in children has been estinmated
to be as low as two to three percent, with a 2:1 ratio
bet ween boys and girls (Chernmak & Musi ek, 1997, p.22). It

may even be as high as ten to twenty percent according to
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sone reports for older adults (Cooper & Gates, 1991) and

based on Domtz and Schow s data in school children (1997).
The cause is speculative but the magjority of cases are

t hought to be neuronorphol ogic, neaning the result of

under devel oped or m splaced cells in the left cerebral

hem sphere and the auditory region of the corpus coll osum

(the area connecting the left and right hem spheres of the

brain). O her possible causes are thought to be due to such

thi ngs as delayed maturation of the central auditory

nervous system (CANS), neurol ogic disorders, trauma, and

neur o- degener ati ve di seases (Misiek, Gollegly, & Ross,

1985, p.253). Musiek has suggested classifying APD into

three categories: del ayed, disordered, and specfic site of

| esion. According to Domtz and Schow (2000), there are

three main categories for people with APD: neurol ogic,

del ayed maturation of the CNS, and devel opnental anonali es.

Synpt ons/ Assessnent / MAPA

I ndi viduals with APD characteristically have
difficulty conprehendi ng spoken | anguage i n conpeting
noi se, may frequently ask for repetitions of words or
sentences, have troubl e paying attention, may m sunderstand
messages, and/or find it difficult to |localize sound

(Chermak & Musi ek, 1997, p.3). Further, they may present
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with related deficits in auditory nenory, phonol ogic
awar eness, reading, and academ c achi evenent (Jerger &
Musi ek, 2000, p.468).

Since APD patients share a nunber of behavi or patterns
in varying degrees, diagnostic tools nust have the ability
to assess a variety of problens manifested by the disorder
so that appropriate diagnostic testing can be recomended
and intervention strategies inplenented if necessary. One
of the nost commonly used tools for neasuring APD is the
SCAN, and nore lately the SCAN-A for adol escents/adults and
t he new version of SCAN, called the SCAN-C. Various
versions of SCAN are the nost conprehensive, fully norned,
specifically designed and nost used tool currently being
used in the audiol ogy profession (Keith, 1986).

However, in 1995, Chermak et al. found that the
Selective Auditory Attention Test (SAAT) identified a
| ar ger nunber of children than SCAN as being at risk for
APD, and clained that it had better agreement with parenta
report than SCAN. (p.30)

Jerger and Musi ek (2000), reporting on the Bruton
Conf erence, suggested that a gap-detection task in which a
short silent gap inserted in a burst of broad-band noi se,
shoul d be included in a direct screening test procedure.

(p. 469) In response to this statenent, however, an



Ameri can Acadeny of Audi ol ogy (2002) statenent said that,
“despite the inportance placed on the gap detection test,
we found no broadband noi se procedure to be commercially
avai l able” (p. 17). Jerger and Misi ek al so suggest that a
duration pattern sequencing task be part of the m ninal
test battery. (p. 471) Further, they point out that “Gap
detection sanpl es tenporal processing, a key dinmension of
speech processing” (p. 469).

Recently, Chermak, also a participant at the Bruton
Conf erence, summarized Bruton and recommended an APD
behavi oral test battery that includes:

“at | east one neasure fromeach of the follow ng

categories: (1) tenporal processing (e.g., pitch

duration pattern perception, gap detection); (2)

bi naural integration (e.g., dichotic listening for

digits, words, or sentences); and (3) nonaural |ow

redundancy speech recognition (e.g., filtered or
conpressed speech, speech in conpetition” (Chernmak

2001, p. 16).

The previous Beta Il version of the MAPA incl uded the
foll ow ng behavioral tests: a tenporal processing subtest
(pitch patterns), two binaural subtests (dichotic digits
and conpeting sentences), and a nonaural | ow redundancy

speech recognition subtest (nSAAT). The current study is

74
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designed to determne if four additional tests found within
MAPA Beta IIl will factor favorably in the sanme three
categories as the existing tests.

Bellis (2002) suggests that children with a known
di agnosis of attention deficit/hyperactivity disorder AD HD
shoul d be required to be receiving nedical treatnent and
have their synptons under control to be included in the
study. “Significant cognitive, |anguage, or related
difficulties such as those that occur with nental
retardation, autism AD/HD, or other disorders may indicate
that an APD eval uation is not necessary or cannot be
performed” (p. 166).

O hers do not agree with Bellis and sinply note the
co-norbidity and the need to track other conditions if they

exist along with APD (Domtz & Schow, 2000).

Reliability/Validity

Wiy have nore than one test within each content area?
First, multiple test options will be valuable for children
needing followup fromtine to tinme. It would not matter
if ‘test learning’ takes place since an alternate test that
factors under the sane category (eg. pitch patterns test
and gap detection could be used and still be testing the

sane area equivalently). Also useful and valuable are
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equi valent forns A and B of the sane subtest. This is
bei ng explored in a conpani on study. In addition,
multiple tests could be used as a verification neasure
agai nst the other, if the child does not do well on one
particul ar subtest, another test could be used to validate
the results. If a child has particular difficulty

recogni zing or identifying the differences between high and
| ow pitches, it may be that describing the difference

bet ween | ong and short tones, or long and short periods of
time, is less daunting. Either of these tests would be an
acceptable alternative if they factor favorably wthin the
sane factor as the current pitch pattern test.

Furthernore, failing two tests in one area will be a

stronger diagnostic finding than failing only one.

Mul ti-disciplinary Assessnent

The literature enphasizes that APD is “not a | abel for
a unitary disease entity, but rather a description of
functional deficits” (Chernmak, 2001, p. 10). Further,
Silman et al (2000) states that: “All auditory tasks, from
pure-tone perception to spoken | anguage processing, are
i nfluenced by higher-1level, non-nodality-specific factors
such as attention, |earning, notivation, and decision

processes.” (p. 57)
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This conplicates the diagnosis of APD, and
recommendati ons are provided throughout the literature
regarding the inportance of mnulti-disciplinary assessnent
before a diagnosis is nmade. Chermak (2001) states:

Mul tidisciplinary assessnent and conprehensive

intervention are necessary for APD given the

over | appi ng synpt omat ol ogy across these diverse
clinical populations and the range of |istening and

| earning deficits associated with APD..conprehensive

assessnment is necessary for the accurate differenti al

di agnosi s of APD from ot her | ook-alike disorders, nost

not ably ADHD and | anguage processing di sorders. (p.

12)

Bellis (2002), another APD specialist, explains the
i nportance of early identification and how an accurate
di agnosis of APD is essential in determ ning what the
appropriate treatnment should be. (p. 163) She further
docunents case after case of how appropriate and early
intervention has proven to have significant effects on
academ c performance. Providing the opportunity for
reliable results across multiple subtests will certainly be
hel pful if the subtests thenselves are valid and factor

favorably. This study will determine if this is so.
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Need for Research and Local Normati ve Data

Musi ek et al. (1982) strongly recomended that norns
for APD testing be collected in “your own area” (pp. 251-
257). Then Jerger and Musi ek (2002) further agreed that:
One way to decide whether an individual is not nornma
on a particular dinmension is to conpare his/her
performance with the range of performance of “normal”
persons..normati ve data allow(s) you to nmake the not
unr easonabl e assunption that the test scores wll be
normal Iy distributed, to conpute the SD, and to set a
fail criterion at sone outconme score which enconpasses
a large portion of the distribution. (p. 20) Two SDs
is the bottomof the distribution often used as fai
criteria (Domtz & Schow, 2000).
The current study wll establish normative data for the
MAPA on chil dren between eight and el even years of age in
| ocal elenmentary schools fromthird to fifth grade. This is
in response to ASHA' s (1996) acknow edgenent of the need
for nore research to clarify a nunber of unresol ved
theoretical issues and clinical practice questions
regarding APD. Two in particular are stated as foll ows:
1. Devel op mninal test batteries of physiol ogical

and behavi oral neasures necessary and sufficient
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for identification and assessnent of central

audi tory processing disorders.

Establish guidelines for the identification of
children at risk for central auditory processing

di sorders. (p. 50)

Assunpti ons

For the purpose of this study, the researcher has

assuned the foll ow ng:

1

That children in fifth grade (ages ten and el even
years) will performbetter as conpared to
children in the third grade (ages eight and nine
years). The MAPA test is thought to be age-

speci fic, and has not been used to produce
tentative norns for children under eight years of
age.

That the changes nade to the current design and
scoring of the nBAAT test, the dichotic digits
test, and the pitch patterns test to nmake them
slightly nore difficult because of an existing
ceiling effect, will not have a significant
effect on test outcones and factor structure for

children in the third and fifth grade.
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That the Beta Il version of the MAPA is indeed
valid as prior testing on Beta | and Beta |
suggest .

That the Bruton definition for APD, and
gui del ines for behavioral tests in three areas as
summari zed by Chermak (2002) are accurate and
conpl et e.

That APD can be thoroughly and confidently
nmeasured using behavioral tests that are
nmonaur al , binaural, and tenporal ordering tasks

such as those provided on the MAPA

Limtations of the Study

pur poses of this study, the researcher acknow edges

the followng [imtations:

1

Test admnistration wll take |longer than it
normal Iy woul d, and fatigue nay be a factor for sone
chi | dren.

Time of day may influence performance. Teacher
cooperation is unknown and tinme availability may be

[imted.
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3. Chil dren who do not pass tonal hearing screenings
will be elimnated fromparticipating further in the
testing.

4. Children in third and fifth grade classroons will be
sel ected based on the soci oeconom c diversity of the
school s chosen and will be tested w thout
consideration given to factors such as academ c
performance or teacher reconmendati on.

5. Condi ti ons may not be ideal, however, every attenpt
will be made to provide a quiet environnment suitable

for testing.

Delimtations of the Study

The delimtations of this study are based on the confined

range and popul ation of children who wll be tested.

1. The population is restricted to a |imted nunber of
third and fifth grade elenmentary classroons in |daho.

2. Not all schools in Idaho will be represented.

3. Private schools wll be excluded fromthe study.
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Appendi x B

Idaho State University
Human Subjects Committee

Informed Consent Form for Non-Medical Research
PARENTAL CONSENT TO PARTICIPATE IN RESEARCH
Auditory Processing Testing

Child’s Name Code#

Your child isinvited to participate in aresearch project sponsored by the Audiology Program at 1daho State
University. Your child has been asked to participate in this research because of his/her age and grade level
in school. Several hundred students in Washington, Utah and Idaho are being asked to participate in this
study. Y our child’ s participation in this research project is voluntary. Please read the information bel ow
before signing the consent form.

1. PURPOSE OF THE STUDY

The purpose of this study isto gather normative data for an auditory processing test. Auditory processing
helps us understand the information we hear. Central auditory processing disorder (APD) refersto an
impairment of this auditory ability. The test that is being devel oped is the revised Multiple Auditory
Processing Assessment (MAPA). When the test is marketed there may be some modest monetary benefit
to the researchers, but the benefit to children who have APD is what motivates this project.

2. PROCEDURES
If you agree to your child’s participation in this study, he/she would be asked to do the following things:
1.Have hearing screened using tones.
2.Have middle ear pressure and function checked.
3.Havetheinner ear screened for appropriate function.
4.Take the auditory exam, Beta lll MAPA.
The entire process should take approximately 35 minutes and will not be repeated except for afew
volunteers who will take the test twice to check the reliability of the testing instrument. Some students will
take the auditory exam in two sessions with both sessions about 30 minutes.

3. POTENTIAL RISKSAND DISCOMFORTS

The testing will take place during the school day. If you choose to allow your child to participate, he/she
will be missing possible instruction time in the classroom. However, every effort will be made to
accommodate your child and your child’ s teacher. In addition, the school district audiol ogist/special
educator will need to consult your child’s cumulative file and teacher for information regarding other
conditions which may be confused with or complicate the interpretation of auditory findings. The research
procedures should involve nothing more strenuous than repeating a few words and numbers and thus will
involve minimal risks.

4. ANTICIPATED BENEFITSTO SUBJECTS
If your child exhibits difficulty with central auditory processing tasks, he/she will be referred to the school
audiologist who will be able to provide support and information for you and your child.

Y ou have the right to refuse participation in this research study and so does your child.

5. ANTICIPATED BENEFITSTO SOCIETY

Children who have an auditory processing disorder may struggle with academic performance and exhibit
inappropriate social behaviors. Some of these children withdraw socially and may have diminished self-
esteem. In the classroom, these children may “act out”, have difficulty in groups, struggle with reading,
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spelling, and speech sounds, or they may appear to be daydreaming through class. All of these behaviors
impact academic and social development. For this reason, it isimportant to have valid testing measures.

7.PAYMENT FOR PARTICIPATION
You or your child will not be paid for participation in the study except for asmall gift which will be
awarded after they return the permission form and compl ete the test. Participation is strictly voluntary.

8. FINANCIAL OBLIGATIONS
You will not be billed for any of the procedures involved in the research project.

10. PRIVACY AND CONFIDENTIALITY

The only people who will know of the results of the testing data will be members of the research team and
the school audiologist. No information about your child, or provided by your child during the research, will
be disclosed to others without your written permission. When the results of the research are published or
discussed in conferences, no information will be included that would reveal your child’ s identity. Each test
will be coded to ensure confidentiality for your child.

11. PARTICIPATION AND WITHDRAWAL

Your child s participation in thisresearch isVOLUNTARY'. Y our child will be asked to assent to the test
procedures before any testing is done. If you choose not to allow your child to participate, that will not
affect your relationship with Idaho State University, or your right to receive services (for you or your child)
at Idaho State University to which you are otherwise entitled. If you decide to participate, you are free to
withdraw your consent and discontinue participation at any time without prejudice to your future at 1daho
State University. If you have any questions, please call the project supervisor, Dr. Ronald Schow, at 282-
3495.

15. RIGHTS OF RESEARCH SUBJECTS

Y ou may withdraw your consent at any time and discontinue participation without penalty. Y ou are not
waiving any legal claims, rights or remedies because of your participation in this research study. If you
have any questions regarding your rights as a research subject, you may contact the Human Subjects
Committee office at 282- 3811 or by writing to the Human Subjects Committee at 1daho State University,
Box 8116.

SIGNATURE OF RESEARCH SUBJECT OR LEGAL REPRESENTATIVE
| have read (or someone has read to me) the information provided above.

BY SIGNING THISFORM, | WILLINGLY AGREE TO ALLOW MY CHILD TO PARTICIPATE
IN THE RESEARCH IT DESCRIBES.

Signature of Research Subject (or parent of subject) Date

Check hereif you do not want the school audiologist to receive thisinformation.
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SCALE OF AUDITORY BEHAVIORS

Please rate each item by circling anumber that best fits the behavior of the child you arerating. At the top
of the column of numbers thereis aterm indicating the frequency with which the behavior is observed.
Please consider these terms carefully when rating each possible behavior. A child may or may not display
one or more of these behaviors. A high or low rating in one or more of the areas does not indicate any
particular pattern. If you are undecided about the rating of an item, use your best judgment.

Name: Age Grade: Today’ s date:

Teacher: School: Score:
(Informant)

Freq Often Sometimes Seldom Never ITEMS

1 2 3 4 5 Difficulty hearing or understanding in background noise
1 2 3 4 5 Misunderstands, especially with rapid or muffled speech
1 2 3 4 5 Difficulty following oral instructions

1 2 3 4 5 Difficulty in discriminating and identifying speech sounds
1 2 3 4 5 Inconsi stent responses to auditory information

1 2 3 4 5 Poor listening skills

1 2 3 4 5 Asksfor things to be repeated

1 2 3 4 5 Easily distracted

1 2 3 4 5 Learning or academic difficulties

1 2 3 4 5 Short attention span

1 2 3 4 5 Daydreams, inattentive

1 2 3 4 5 Disorganized



Appendi x D
Letter to Schools Requesting Permission to Test

March 14, 2003

To:  Participating elementary schools

We are graduate studentsin Audiology at I1SU. We would like to give you some
preliminary information about what we hope to do and how the school children will be
involved.

Background and Purpose

The purpose of our study isto gather normative data for an auditory processing
test. Auditory processing helps us understand the information we hear. Auditory
processing disorders (APDs) are not disorders of the organs of hearing. Rather, they are
impairments of how the brain processes auditory information. Children who have an
auditory processing disorder may struggle with academic performance and exhibit
inappropriate social behaviors. Some of these children withdraw socially and may have
diminished self-esteem. In the classroom, these children may “act out”, have difficulty in
groups, struggle with reading, spelling, and speech sounds, or they may appear to be
daydreaming through class. All of these behaviorsimpact academic and social
development. For this reason, it isimportant to have valid testing measures to identify
these children.

The governing body for audiologists, the American Speech Language Hearing
Association (ASHA), has suggested guidelines for screening and evaluating (APDS).
Currently there is not a standard testing tool that meets all of the guidelinesand is
accepted by all professionalsin the field of audiology. 1n 1997, Domitz and Schow, from
| SU, conducted a study using the Pocatello schools to research and compile a number of
subtests into one test battery. This test was named the Multiple Auditory Processing
Assessment (MAPA). The MAPA attempts to incorporate more of the guidelines than
any other singletest used at thistime. The MAPA was found to be avalid tool for
screening APD; however, a ceiling effect was occurring on severa of the subtests. These
subtests were too easy for many of the older children. Recently, the MAPA has been
revised. Itisnow more difficult and includes another form (Thereisaform A and B
now.). We also have additional tests that we would like to incorporate into the MAPA
battery that are believed to test the areas suggested by the ASHA guidelines according to
current literature.

Project 1 (Laurie Conlin) isto establish equivalency between forms A and B of
the revised MAPA. The research questions to be answered are as follows: Will thetwo
forms be equivalent? Will the revised tests eliminate the ceiling effect while retaining
their validity?
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Project 2 (Sherry Summers) isto determine if newly proposed subtests correlate
favorably with the existing MAPA subtests.

Method

Approximately 200 children ages 8-12 will be asked to participate in this study.
We will test students in the third and fifth grades from Idaho elementary schools. The
school audiologist supports this project.

The children in the study will not be paid for participation except for asmall gift
which will be awarded after they return the permission form and complete the test. The
children will be asked to do the following thkngs.

1 Have hearing screened using tones.
2. Have middle ear pressure and function checked.
3. Have the inner ear screened for appropriate function.

4, Take the auditory exam, Betalll MAPA.
The entire process should take approximately 35 minutes and will not be repeated except
for afew volunteers who will take the test twice to check the reliability of the testing
instrument. Some students will take the auditory exam in two sessions with both sessions
about 30 minutes.

We would like to begin as soon as possible and have testing complete before April
14. Thistime frameisconvenient for the school district audiologist who lends her
support to the project.

If you have any questions and would like to meet with us, we can be reached by
email or telephone. During the day, we are generally at the audiology building on
campus and a message can be left with the secretary at 282-3495. Our major
professor, Dr. Ron Schow can also be reached at this number.

Sincerely,
Laurie Conlin Sherry Summers
478-4518 232-6734

laurieconlin@yahoo.com scottandsherry @eudoramail .com
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Appendi x E
MAPA Betalll—Form A

Date Date of Birth Age Gender Child’'scode#
Handed Comments Examiner

500 1000 2000 4000 OAE Pressure Volume Compliance
Right
Left
instructions (3) instructions (10) instructions (15)
MSAAT NC-R (4) mSAAT NC-L (5) PP-binaural (11) S—nght first (16) CircleL or R of correct sentences
please bad LHHH R The caboose is aways last.
great such HHLL L Thisisalong freight train.
sled need LHLL 2. R Recessismy favoritetime.
pants five HHLH L I don'tliketo go to school either.
rat rag HHHL 3. R Put gasin the tank.
TOTAL TOTAL LHHL L My carisvery fast.

HLLL 4. R | do not liketo eat dinner alone.
instructions (6) instructions (8) LLLH L They say candy isbad for your teeth.
MSAAT-C-R (7) mSAAT-C-L (9) HLHH 5. R That scratch may get infected.
school broom LLHH L Put aclean bandage on that cut.
ball bowl HLHL 6. R | saw it whenit wasaplay.
smoke coat LHLH L That moviewason TV.
floor door HLLH 7. R Therearelions and tigersin the zoo
fox socks LLHL L | saw lots of different kinds of animals
hat flag HHHL 8. R Don’t forget your father's birthday.
pan fan LLLH L My sister hasanew boyfriend.
bread red HLHH 9. R | had to take a nap.
neck desk HHLL L Heisonly resting.
stair bear HHLH 10. R He'soff for Easter week.
eye pie LHHH L | had awonderful Christmas.
knee tea TOTAL /20 11. R Visit your grandmother on Sunday.
street mesat L Make sureyou call your brather this week
wing string instructions (12) 12. R Summerisfinaly here.
mouse clown DD-binaural (13) L Thesunisfinaly shining.
shirt church Right Left 13. R Did your boss give you araise?
gun thumb 352 186 L Do you have to take many businesstrips?
bus rug 418 625 14. R Goldfish are easy to keep.
train cake 219 548 L That dog likesto run.
arm barn 254 631 15. R Hedoesn't like his new boss.
chick stick 548 263 L Make sure you get to work on time.
crib ship 419 326
wheel sedl 381 694 Total /30
straw dog 296 138 Note: sentences must be exact to be scored
pail nail 961 483 as correct.

TOTAL /25 TOTAL /25 924 581

Dlrectedleftearflrst( 4)

Left Right

253 869

849 526

912 845

352 146

815 392

914 653

194 632

562 839

946 128

429 685

Total /120 any order

Tota /60 right first

Total /60 left first




MAPA Beta lll—Form A continued instructions (21)
instructions (17) circleL or R of correct sentences SINCA circleall words correctly repeated
CS-Left ear first (18)
1. L Itwasalongride by car. Right (22)
R | thought we would never get there. +20 dish teach pinch pink
2. L Hewent to the South on his vacation. +16 bead bath tree shop
R | get two weeks off in the summer. +12 five rat mouth  box
3. L Make sure you deposit that check. +8 fed such need hunt
R | need to borrow five dollars. +4 ride class hit scab
4. L | put the letter in the mailbox. +0 great smile pond sled
R You must write to her more often.
5. L Hedrank al of the milk. TOTAL #right 124
R I like my coffee black. Score 22— TOTAL #right= SNR
6. L When did your dog get sick?
R Do you want to buy that cute puppy? Total #right (excluding +20 words) /20
7. L Hewasvery late to class yesterday. Score 18— Totd #right= SNR
R | went to the cafeteriaat noon.
8. L Theairplaneflew very low.
R Thejet took off smoothly. instructions (23)
9. L | havethe best teacher in school. Left (24)
R Hewasastudent here before me.
10. L | saw thefunny clown. +20 hot please  few cart
R The circus was very good. +16 bad pants dlip law
11. L What'syour address? +12 ways thank fold bus
R They bought a new house. +8 dlice rag put did
12. L | never saw abear. +4 teke beef neck suit
R Cats have whiskers. +0 turn darn laugh clamp
13. L How many of your brotherslive at home?
R How long have your parents been married? TOTAL #right 124
14. L Shehasafever. Score 22— TOTAL #right= SNR
R Seeyour doctor.
15. L How much snow fell? Total # right (excluding +20 words) /20
R Hasit started raining? Score 18— Total # right= SNR
16. L Don't play your radio that loud.

R Their last song was a big hit.
Total /32 Total /30w/o 16
Note: the sentences must be exact to be scored as correct

Instructions (19)

DP-binaural (20) instructions (25)

LSSS Gap Detectiontest (26)
SSLL practice

LSLL items

SSES)
SSSL
LSSL
SLLL
LLLS
SLSS
LLSS
SESHE

510 4015202 30 0 25

lowest msec gap detected (i.e. lowest number w/2)

instructions (27)

Tap test (28-29)

practice  prompt with “think back and tell me how

practice many you heard” if they answer with
anything other than a number

grwNPE

Total for 3,4,5 /30

_|
g
~

20
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Appendi x F

Brief Description of Each Test

Monaural selective auditory attention test: This test,

SAAT, was a binaural test devel oped by Cherry in 1980. The
test requires the individual to listen for the primry
stinmulus (words selected fromthe Wrd Intelligibility by
Picture lIdentification or WPI |ist) which is enbedded in
conpeti ng background noise. The earlier MAPAs (Beta | and
1) and the current revision of the MAPA (Beta Ill) uses a
nmonaural version of this test with both the stinulus and
the conpeting noise presented to the sanme ear. Thus, in
these test batteries, the test is referred to as nBSAAT.

Pitch patterns: This test, PP, was introduced by

Pinhiero in 1977. It randomy introduces high and | ow
pitches in a three-tone series which the subject is asked
to identify. Although it is becom ng nore conmon to all ow
the subject to hum sing, or manually point up and down for
their responses, for the purposes of this study, the
subjects were instructed to verbalize. Several children
however, chose to sing their responses or point (high/low
in conjunction with their verbalizations for a nulti-node
response, and this was not discouraged. In addition,
because this test has been prone to the ceiling effect

(Shiffrman, 1999 & Neijenhuis, 2000), a four-tone sequence
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was used. Reversals were scored as incorrect for N=47 (G
Cher mak, personal comrunication, March 6, 2003 & Musi ek et
al, 1982), but as correct for N=72 because scores were too
low to obtain two SD cut-offs. Nornms are provided
separately.

Di chotic digits: The DD test was introduced by Miusiek in

1983. Four nunbers are usually sinmultaneously presented to
the listener, two in each ear. The subject is required to
repeat all four nunbers aloud. A nore difficult version of
the DD test was used for this study in which nunber
triplets are presented to each ear as has been done by

ot her researchers (Neijenhuis, 2000). The subject is
requested to repeat itens fromthe right ear first, then
fromthe left, as recommended by Moncrieff and Musi ek
(2002). We scored three ways for this study, all involving
bi naural type scoring; right ear/left ear/and total scores
but did not score ears separately as done on MAPA Beta |
and Il. There was no penalty for within ear order
reversals on right and left or for order at all on the
total scoring. Data were entered for the total nunber
correct.

Conpeting Sentences: The WIIleford Conpeting Sentences

Test (CS), introduced in 1985, presents two sentences, one

to the right ear and one to the left ear, concurrently. It
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was designed to assess the maturation of the auditory
systens and identify delays in nmaturation or damage to the
central auditory pathways. In the earlier MAPA, the subject
only repeated the left or right ear sentences as directed.
In his early work on conpeting sentences, WIlleford

menti oned the possibility of testing the patients’ ability
to repeat both sentences. He said that in this case, both
sentences shoul d be presented at the sane testing |level of
50 dB HL (Wl leford, within Katz text). The current study
instructed the subject to repeat both sentences. They were
directed to repeat either the right or the left ear first
(personal communi cati on, Chermak, 2002). Sentences had to
be repeated exactly to be considered, except for what
appeared to be true articulation errors. Although recal
was directed to one ear first, the subjects were not
penalized if they reversed the order of the sentences as

t hey repeated them

Duration patterns: This test randomy introduces short and

| ong tones binaurally in a four-tone series. The subject
is instructed to repeat back the series in the order that
the tones were presented. This task is believed to be an
APTO task simlar to the high/low PP task. Reversals were
scored as incorrect in this study (G Chernmak, persona

communi cati on) .
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Speech in Noise for Children and Adults test: The test

requires the individual to listen for the primary stimulus
(words selected fromthe Wrd Intelligibility by Picture
Identification or WPI list) which is enbedded in conpeting
background noi se. The signal to noise ratio reduces nore
and nore until the target and conpeting signals are
presented at the sanme levels. A signal to noise ratio is
conputed for the subject based on the nunber of words
scored correctly.

Gap detection: The purpose of the Random Gap Detection

Test (RGDT), according to Robert W Keith (2001) is to
identify tenporal disorders of the auditory systemrel ated
t o phonol ogi ¢ processing deficits, problens of auditory

di scrimnation, receptive | anguage and readi ng. The RGDT
is designed to neasure tenporal resolution through

determ nation of the snmallest tine interval (in nsec)
between two cl osely approximated stimuli. The |istener
attends to a series of stinmuli presented in pairs while the
silent interval between each pair changes in duration. The
listener reports whether the stinmulus heard was one tone,

or two. The gap detection threshold is the stinulus
interval at which the stinmuli are heard as two rather than
one. The RGADT is a revision of the Auditory Fusion Test-

Revi sed (AFT-R) (McCroskey and Keith, 1996). The RGDT is
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viewed as a test of tenporal integrity at the level of the
cortex.

The RGDT involves a nunber of smaller tests involving
mul tiple frequenci es where the gap threshol ds are averaged.
Qur study considered only the final subtest, the click
stinmuli of 230 uSec duration followed by inter-stimulus
intervals of 0 to 40 nsec that are presented in random
order. The stinulus pairs are recorded with a 4.5 second
interval to allow for subject response. The clicks were
derived froma one nsec. conpression (positive) section of
white noise. The stinmuli were adjusted enpl oying
Sanpl i tude Cakewal k software on a Conpaq conputer at the
studi os of AUDI TEC™of St. Louis (Keith, 2001).

The gap detection threshold is defined as the gap
interval at which the subject consistently identifies two
tones at a specific inter-pulse interval. The random GAP
test was scored by determning the lowest mllisecond at
which the subject was able to detect a tonal gap. Thi s
met hod vyielded inconsistencies for sone children, so all
tests were re-scored to require that the child show two
consi stent responses at the area closest to threshold. A
normal gap detection threshold for both tones and clicks is

considered to be between 2 and 20 nsec, however, no
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normati ve data have been reported for click gap threshol ds
to date (Keith, 2001).

Tap test: The QuickTap test was suggested by Charles |

Berlin, Ph. D. This test is thought to test gap detection,
pattern recognition and working nmenory in one quick step.

A series of tapping sounds are presented with one every
120-150 nsec. After each of three series of taps are
presented, the listener is instructed to think back and
descri be what they heard. The total of the test taps added
anpunts to thirty. For this study, the subject received a

raw score based on the sumof their three responses.



AAA:

APD:

APTO:

ASHA:

Bl:

BS:

CAPD:

CSs.

DD:

DP:

GDP:

MAPA:

MSAAT:

MSC:

PP:

TAP:
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Appendix G
Acronym Key
American Audiology Association
Auditory Processing Disorder
Auditory pattern/temporal ordering
American Speech Language and Hearing Association
Binaural Integration
Binaural Separation
Central Auditory Processing Disorder
Competing Sentences
Dichotic Digits
Duration Patterns
Gap Detection Perception
Multiple Auditory Processing Assessment
Monaural Version of Selective Auditory Attention Test
Monaural Separation Closure
Pitch Patterns

QuickTap Test as suggested by Charles|. Berlin, Ph.D.



Appendi x H

A Bonus on Handedness

9%

Al though this section does not pertain to the research

questions of this study, part-way through the data
coll ection process the researcher began collecting data on
handedness. CQut of 89 children for whomthis information
was obtai ned, 79 were right-handed (89% of the sanple) and
10 were |l eft-handed (11% of the sanple).

The follow ng table shows the nean APTO scores for
left vs. right-handers. It was found, that there was a
trend for left-handers (N=10) to score slightly better in
all tenporal areas than right-handers (N=79). The
information reported here is not related to the research
questions of this study, however, it may be useful for

future studies or for general information.

Mean APTO scores for left vs. right handers.

Tenporal Tasks | Right- Handers |Left-Handers
APTO N=79 N=10
PP 11.1 14. 3
DP 9.7 11.1
TAP 22.9 24.1
GAP 12.2 7.7
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Raw Dat a
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