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ABSTRACT

Shea, Susan L., li.A., December, 1981 Coumunication Sciences &
Disorders

Accuracy cf reccrded ncasures of the VWilleford Central Auvditory

Processing Test Lattery (125 pp.)

Director: iiichael J.ii. Raffin, Ph.D.

Thesis approvec: i ’

A frequently wused test for the &ssessument of central
auditory processing in children is the Villeford Central Auditory
Processing (CAP) test bzttery. On the basis of results frow this
test, children hcve been 1labelled 1learning disabled, auc/or
placed in special education curricula. An evaluztion of eight
nagnetic tape recordings of the CAP bezattery was coupleted.
Findings inciccte significant inter-tape c¢ifferences, inter—test
differences, and inter-chizcnnel differences 1in recording levels of
test itews. All levels were referenced to the celivration tone
et the beginning of each tape. The Lou-Pass Filtered Speech
(LPrS), the Couipeting Sentences (CST) and the Lzpidly Alternating
Sreech Terception (RASP) tests typically vere within 10 ¢B of the
reference tone vith the exception of certain items.
Inter—channel diiferences of 38.4 dD vere not uncommon on the
Dinaural Fusion (EF) test, with the higk-pass channel often being
vithin the noise floor of the tzpe.

The findin:s of the present study incdicate that the cuaiity
control of the nma,netic tape recordings of Villeford”s CAP test
battery 1s inconsistent. It 1is therefore 1likely that, ULased
strictly on the recording levels of some 1items, patients as well
as normal listeners will perforn poorly om the tests involved.
In addition, there 1is little consistency between various tape
recordings of the test, thus precluding the rstional wusage of
this test «c¢linicelly, when a comparison of results between
facilities (or any couperison involving the couparison of scores
cbtained on diiferent tapes) is desired.

1l
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INTRODUCTION

The Central Auditory Processing (CAP) test bettery
(Wiilleford, 1976) was developed as a diaguostic tool for the
assessment of central-auditory pathology 1in young children with
normal peripheral auditory function. This test battery since has
been used, 1in whole or in part, to evaluate the integrity of the
central auditory nervous system (CAHS) in persons presenting
other primary provblews such as veripheral hearing loss,
temporal-lobe tumors, decompression sickness, learning
disabilities, dyslexia anu stuttering (Lynn and Gilroy, 1972;
Lyan et al., 1972; Dempsey, 1977; Pinheiro, 1977; Schultcz,

t al., 1973, 1979; Gusiek and Gerurkink,

1977, Mittenberger,
1980; Vielsh, et al., 1950; Larimore and Villeford, 1980).
Subjects ranged in age from 3 years (Logan, 1979) to 65 years

t al., 1978). Appendix A4 details the underlying

(iiittenberger,

nechanisms assoclated with this test.

A review of puuvlished normative data for ©both children
(Vhite, 1977, Willeford, 1978) and aaults (Ivey, 1969;
Ilittenberg,er, et al., 1979) reveals soue discrepancies petween
norus reported by Willeford (1978) and those reportca by other

researchers. & detailed review of pertinent researcn, ana oi the
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test and associated administrative procedures, may be found in

Appendix A.

Adequate and justifiable reasons for the observed
discrepancies 1n the forezoing research have not been ceveloped
or iteratecd in the published literature. An  indication of a
possible contributing factor was observed when clinicians at the
University of llontana reported that VU-ueter deflections for many
itewns were 1inconsistent with that caused by the refercnce
calibration pure tone of the tape. For eiample willle some 1tews
caused maximun deflection of the VU-ueter incicator (after tne
reference calibration tone had been adjusted to produce & meter
deflection  of 0), other items caused 1o discernible
meter—incicator wmovement, thus leading one to conclude that
inter—item intemnsity diiferences might be in the order of 23 db
(i.e.: the power of some items was nearly 200 fold the power for
other 1items). However, since the clinic tape was several years
old, a new tape was purchased directly from Villeford, anc the
electrowmagnetic characteristics of that tape were evaluated arter
1t was found that it producec similar VU-wmeter behavior. These
meticulous observations mwmight lead the objective observer to

conclude tiat there may exist some si,nificant discrepancies 1in
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the recording levels wused by Willerord om the master tape. It
this is the case, then test interpretatilon pecoues extremely
difficult especially when one attempts to compare clinical
results with those published 2s normative wuata produced with
other tapes, unless the tape-recording levels are identical wiilch

tiiey are not.

Thus, the purpose oi the present study 1s to <Getermine
vhether differences in recording levels of the Willeford CAP test
battery exist between items (within tapes), between tests (witiiin

tapes), or amongst tests (Letween tapes).



Test laterials: ©fignt alleged original tape recordings of

thie CAP test battery were obtainec from various clinics, selected
randomly and representing a geographilcal cross—section of the

country, ana were accepted for inclusion in the present study

only if they were less than 3 years ola. 7Two of these tapes had
never been usea. Details or the tape selection 2ud
cate,orization procedures may be found in Appendix B,

Apparatus anc Calibration: A two- or [four-track tape

recorder was used as the playpvack instrument for tihe recordings

dependin, wupou tne characteristics ot the tape recording
employed. The output of the tape reccrder was ied to an

lapedance-matched loudspeziker, aud output levels were monitored
across the loudspeaker with a tuiicrophone amplifier (Bruel &
Kjaer, Type 2603). The output of the wmicrophoune amplifier was
connected to the input oifi a continuously recording graphic-level
recorder (Druel « Xjaer, Type 2305). The tape recorder was
cleaned and aegaussed prior Lo any measurement, and also was
calibrated to conrorm to specifications promulgated by the
liational Association of Broadcasters (HAB, Standara lHagnectic Tape

Recording and Leproducing, 1965) prior to any measurewent OI eccn
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tape. Details of the <calibration may be found in Appendix C.
Appendix D contains sawples of the hnard-copy tracings obtained on

one tape.

Procedure: Both channeis of each tape were set to a
convenient reference point of C dB relative to the reference
calibration pure tome provided on that tape, prior to obtaining
measurements for eac:a of the tests. Since the KASP is preceded
by a different calibration pure tone, tne reference point of U dB
was readjusted relative (o tnis calibration tone. ileasurements
were recorded for each cnannel, wnere appropriate, and a

permanent tracing maae of t(he smplitude of each recording for

cach of the four tests. A score was computed for eaci: component
of each test as follows: CST —- an average oi the total rms
amplitude in each sentence; LPFS —-- the rms amplitude for each
word; BF -- the rwms amplitude for eacn syllable oI each
sponcdaically stressed word; RASP -- an average of the total

ilnstantaneous peak aumplitudes (not rms) for the phonemes in eaca

sentence.



RESULTS

Analyses of variance (AilGVA) performed for eacn of the four
tests - C5T, LPFS, BF, and RASP -~ revealed significant
differences 1in recorded levels Dbetween itews witnin tests,
between tests withiin tapes, and between tapes within tests. The
raw data upon whicn these analyses are ovased are contained 1in
Appendix L. Details orf the znalyses may be found in Appendix F.
For the purposes of tihe present study, the level of significance
was rounded to the next greaster whole uunper to z2llow the reader
to decide whether this level is zreat enouph for his/her needs.
Significant inter-channel differences also were notea on the BOF
test. Vhile differences were siznificant beyond the .01 level
of significance, mean iltem intensity diflferences were within 10.V
dB for all but the BF test; for the latter, a difference in mean
intensity levels between Channei 1 and Channel 2 was in the order
of 16.6 dB. Ranges of measured intensity levels for 1incividual
items within and between tapes revealed a greater disparity in
recorded intensity levels. 1Iu addition, one tape (Tape #1) was
measurea on three separate occasious by omne examilner to proviae
an estimate of latra-examiner reliability. The largest

discrepancy 1or any item of any <test Dbetween these three
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measureuvients was 3 dB.. Findings for eacna of the four tests are

as rollows:

CST

Fizure 1 depicts a significant three-way interaction that
occurred between items, tests and channels. Channel 1 revealed a
greater wmean intensity range (-1.9 to 4.0; difference of 5.9 d&B)
between itews than Channel 2 (-0.62 to 3.6; difference of 4.22

dB) by approximately 1.7 dB. Tiue largest difference between

itews occurreada ror Test 2, Channel 1 and was 5.4 dB.
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Figure 1

CS8T: Test by Item by Channel interaction.
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Table 1 depicts the ranges of measured 1ntensicy levels
between tapes as well as within tapes. 4 range of 27.5 dB
between the lowest intensity level (-12.0 db - Tape #1) and the
highest (15.5 dbB - Tape #3) between tapes (re: the reference
calibration tome) was noted. The rangze of item—intensity levels

within tapes varied from a minimum of 7.0 dB (Tape #2) to a

naximuw of 13.5 dB (Tape #4).

In addition, on three of the ei_ht test tapes wusec 1n the
present experiment, a Severe error 1n recording technique was
demonstrated for item 25 (for both ciaamnels). Speciilcalily, the
last phoneme of the last wvord was omilited renderin_, that wora

completely unintellijivle.

LPFS

Table 2 depicts the ranges oI mwmeasured 1ntensity levels
between and within tapes. Between~tape measures exnibited a
raunge or 32.0 db - the lowvest intensity 1level Dbeing -17.0 C
(Tape #7) andg the niguest, 15.0 4B (Tape 34). Overall
witnin—-tape differences rangec from 7.5 db (Tape +#1) te 23.0 d3B

(Tape #4).
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Witiiln and between tape comparison
of 1ntensity ranges

I TAPE | RALGE™ I DIFFLREICES |
| I Low | High | I
| ======s========| |sss=s==s======= | ==ss=s=====s== | sss===ssssss=s== |
| #1 P -12.0 | -0.5 | 11.5 I
| == T Rt | = fmemm |
I #2 f | -3.0 | 4.0 | 7.0 |
[——mmr e | |[=mm e R ittt e ittt I
| #3 | | 2.5 | 15.5 | 13.C I
e e en = R bty f——m I
| it | -4.5 I 5.0 | 13.5 |
R ittt Lt I Rt = = |
| #5 X -10.0 | 2.0 | 12.0 |
R ettt | | = | mmm e R e L L |
I #6 | -5.0 I 2.0 | 10.0 |
[==— | === e R I
| #7 [ -7.5 | 1.0 | 3.5 |
e [ == | =~ = I
| #E I 1.0 | 9.0 I 5.0 i
*: Range 1s 1in b re:

retference calilbration tone.
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TADLE 2

LPFS

Within and between tape comparison
of intensity ranges

| TAPE || RALGE* | DIFFEREIICES |
I i Low | High I |
|==============| |==s=ss========= | s===s=s======= |================ |
I #1 I -13.5 | -6.0 l 7.5 |
mmm e T et | ——— | == I
I #2 | -6.5 | 1.5 | 3.0 |
= | | == R it [ ——— I
| #3 P -7.5 | 6.0 | 13.5 |
e e flem—m e [ == m e e i
I il I -8.0 I 15.0 I 23.0 I
jmm e e I R et Tt e = |
I #5 o ~-10.0 I -1.6 I 9.0 I
= f = = | ——— e I
I #6 I -15.0 | -6.5 | 5.5 |
[m—m e e [~== e |
| 7 P -17.0 I -5.5 | 3.5 |
| mm e [ = e e |~ | = I
| i | -7.0 | 13.0 | 20.0 I
*: Range 1s 1in 4B re:

reference calibration tone.
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EF

Table 3 revecls a range in 1intensity 1levels between tapes
for the 40 syllables 1n the order o 60.0 db witu tne lowest
recorded syllable intensity level uweasured at 39.0 dE below the
reference calibration tone (Tape #1) and the highest measured at
21,0 dB above the reference tone (Tape #3). The range of

syllable 1intensity levels witnin a given tape ranged frowm an

overall difference of 27.5 dB (Tupe #7) to 53.5 dabB (Tapec i#4).

To further investigate syllable and word «iscrepancies the
average cifference between low-pass ana high-pass conditions was
computed for eacn syllable as well as for the spondaic word as a
whole. Table 4 reveals that the 1least discrepant range 1n
intensity levels for the two syllables of a word (across filter
conditions) was 2.0 db (Tape #7) with the most discrepant range
between two syllables for a given word being 49.5 dB (Tape #4).
Within a single tape, the intemsity ranges of syllables within a
given word (difference between the most discrepant and the least
discrepant syllaoles within a word) variec from a minimum of 16.0

d5 (Tape #2) to & mexinum of 35.0 db (Tape #4).
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TABLE 3

BF

Within and between tape cowmparison
of 1ntemnsity ranges

I TAPE I RANGE* | DIFFELLUCES |
| | Low | High I I
| #1 [ -39.0 I -5.5 | 33.5 I
R I R R it j=—m e |
| 2 | ~-35.0 I 4.0 | 39.0 [
| = || e ————— e = |
I 113 ,l —29'0 I 4.5 I 3305 I
| = | = | ——— e e Lt |
| b [ -34.0 | 19.5 | 53.5 |
| mmm e I R it [ == | = |
I 35 I -34.0 | 1.0 i 35.0 |
 —r e | |[——— e |~ e |
| #6 [ -32.5 | 3.5 I 36.0 |
|~ [ | = | ——— e it I
I i#7 [ -33.0 I -5.5 I 27.5 I
e —————— | [==m—mr e = ———— —m— e ————— e |
| O J -2 | 21.0 | 49.5 |

Liange 1s in dE re:
reference calibration tone.
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TABLE &

OF

Y/ithin and between tape comparison
of syllable and word ciscrepanciles

| TAPE I SYLLABLE=® | YORD* |
| } LD*w | D% | LD¥* | (D |
| il N 6.0 I 31.5 | 12.5 | 30.3 |
| - [ | === R et [~—— |——————————— i
| 52 I 15.0 | 56.0 | 19.0 | 35.2 |
= | | = e | mmm e e i [~ |
| i Il 16.5 | 32.5 | 20.3 | 31.0 |
|- [ |=m——————— R tnints | m—m === |
I #h bl 14.5 | 49.5 | 20.7 | 43 .3 |
R I e o e | == I
| #5 | 14.0 I 33.0 | 18.5 | 31.7 |
| I e e e [-—————m |
| #6 [ 10.0 | 30.0 I 18.8 | 29.0 |
[=———————— | = = [ e | ———— |
I 77 [ 2.0 | 25.5 | 6.5 | 22.0 I
e et | = m——— e e [ = m [ === |
| 8 f 16.0 | 45.5 I 1.5 | 33.5 I

Difference between low-pass and
high-pass conditiomns.

¥%: LL: least ailscrepant.
HD: wost discrepant.
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Word discrepancies were ovbtained by averasing the
two—-syllable discrepancy for eacin word. Tuus, the least
discrepancy Lor any slven wora, between louv-pass and hi_h-pass
(averaged across the two syllables), was 6.5 dB (Tape 37) whereczs
tne greatest discrepancy was 486.3 dB (Tape #4). lithin tapes,
wora—-level discrepancies varied witain a range of 15 dB (on the
average) from the least discrepant to tne most discrepant (the

actual range of aiscrepancies was frowm 10.2 40 to 13.3 aB).

For all tapes, items recordec on tue uigh bana—-pass cuannel
tended to be recorded wituin 5.0 < orf the noise floor of the
recording instrument if not actually 1in the noise :loor, as wvas

frequently tne cazse.

RASP

Table 5 shows the discrepancies between 1items within and
between tapes. The range of discrepancies for the test items
recorded intensity levels was from -10.0 cE (Tape #¥1) to 14.0 db
(Tape #3). Within tapes, differences 1in recordec intensity

levels rangeu from 7.5 db (Tape #3) to 17.0 &5 (Tape #7).
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TABLE 5

RASP

Yitnin and between tape comparison
of intensity ranges

| TAPE |l RALIGE® |  DIFFLREKCES |
I | Low | Hizh I I
|===s=sss=seses | [s=ssssss—ssssss sssssssssssses |sss=sssssssssses |
| ir 1 I -18.0 l -1.5 | 16.5 |
| mmmm o | [mmmmmmm e R | mmmm e |
| w2 I -1.5 | 11.0 | 1i2.5 |
| =mmm e | [—mmmmmmm e | = R |
| #3 P 2.0 | 14.0 | 12.0 |
| —mmmmmmm oo e | =mmm o m e | == |
l il I 0.5 l 9.0 | 8.5 I
e | [==mmmmmmmmmmm e R B |
| #5 I -4.0 | 6.0 | 10.0 |
R | f=mmmm e m e = = |
| 6 I -7.0 | 3.5 | 10.5 |
| =—mm oo R B B |
| W7 I -5.0 I 9.0 I 17 .0 I
e e | —mmmmm e | —mmmmmm oo |
| #S [ 0.0 I 7.5 | 7.5 |
*: Range 1is 1in ab re:

reference calibration tone.



DISCUSSION

\Villeford”s initial concern in developing the CAP battery
vas to provide a neans of evaluatinz tue nature of
central—-auditory processing problems in children. The wuse of
recorded materials allows the exawminer to control sucn variabples
as presentation levels and environmental conditious. Therefore,
the wusa,e of such carefully coutrolled reccrded weterials should
eallow for the replication by various researchers of nornative
data, contingent on strict adiiereice to the proceuural protocols
us dictated vy Villerord. Altnouszh VWilleford has claiwmea that
tiie tape recordiags of the C.LP test battery were experiwental,
their widespread dissemination throughout the nation (for a fee)
would 1indicate that they are woveiny used as port of routine

clinical armamentaria rather than for strictly research purposes.

That various researchers have attewmpted and failed to
replicate the normative data published by Villeford (White, 1977;
lilttenberger et al., 1979), provides a basis for a healthy
skepticism concerning the reliability of the publisined normative
aata. For example, normative cata ootained on chlldren between
tne a.es orf 6 to 10 years, have revealea scores as low &as 15, on

the DF test (luite, 1977). Willeford (1978), nowever, aescribes
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ils normative data as resulting 1in a lov score of 35i5. The
rather unacceptably large variability 1in scores, as reported by
these two investijators, probavly obviates the <c¢linical
usefulness of the test battery 1in the a«ifferentiation of
performance scores <consistent with pathologiczal conditions from
performance scores consistent with normal auaitory <function

(Plakke, 1978).

While Willeford (1977) aclnowiea,es that the ranges of
normal-performance scores he has obtalned are rather wide - which
he views as a factor '"probably inrfluenced heavily by the deliczte
acoustic properties of the stimuli'" - ne points out that the BDF
test gives "trouble" on "souwe'" equipuent tiaus providing a
rationale ror the significantly vider raages obtailmec by various
investigzators in their collection of normative data (Vnite, 1977;
Hittenberger, et al., 1978). 1lle states that inaccurate pure-tone
measurements, dirty or misaligned tape-recorder playback heads,
lack of constant tape speed (of 7-1/2 ips) thus possibly creating
a "wow" or "flutter", and use of 1/4 track rather than 1/2 track
playback units thus reducing the overall output SPL of tne tape,
wher. taken together, account for tiie variablility of date reported

in publishec reseaich. ile further contencs that '"copies" of



tapes may 1lncur aubbing errors and would =&slso be of reduced
quelity. Plakke (1978) further cautioned regardinz the use of
dubbed tapes as the signal-to-moise (S8/ili) ratio would be reauced.
If difficulties with calibration are insufficient to sccount ior
noted discrepancies, Willeford has provided another point or
information that mway aifect the magnitude of the discrepancies

found. Specifically, he has asserted that the absence of any

culturally deprived areas in rorc Collins, suc:. us those founa in

many large urban areas may have otilased his date.
o

Yet, findings from the present study may be used to support
an alternate explanation for tae ooserved variabilicy in tue
published normative data optained ULy the ~various reseurchers.
While 1ean 1intensity levels of as mucio as 10.0 aB, as noted on
three of the four tests - CST, LPFS, anc RASP - may be of
questionavle cliniczal relevance, statistical differences,
significant at the 0.0l level of significance, were apparent both
within and between tapes on each of the measurea tests. ilovever,
when measured intensity ranges (rather than wneaun intensity
levels) are considerec, significant differences betwveen tapes are
found, thus precluding tne rational use of two «ciiferent tapes

for any glven patient. TFor cuample, measurenents of the CST ou



Tape 1 produced values rangingz from -12.0 <E to -(G.5 dT (a range
of 11.5 d5). While the range or values for Tape 3 (13.0 &) was
comparable to thnat of Tape 1, these values ranged rfrom 2.5 dD to
15.5 dBb. Differences between the two minima and the two maxilna
for these tapes were in the order of 15 db. In addition, the
range of recording levels for tne items woulu csuggest the
possibility of overdriving some instrunentation when the
reference calioration tome 1s usec to caliorate the output of the
instrunients witih a VU-meter reacing of zero (since some items
then peg the meter). llence, the use of two diirferent tapes in
repeated testing with a patieut .oy result in erroneous
interpretation wunless differences in recordin, levels uare taken
into zccount. The only possible wanner for these corrections to
ve applied scientifically, is via tne zeneration of
performance-intensity (P-I) Ifunctions. Since these data are
unavallable, conclusions about caanges in periormance OL patients

based on dirfferent tapes may be 1invalid, and may result in

professional malpractice.

Vhile some clinicians may consider that within-tape mnean
differences of iless tnan 10 db are not sizpniiicant clinically rfor

CST, LPFS, aund LASP, tne greater discrepanciles noked ILor the UF
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test cannot be overlooked. It 1s Irustrating to note that wuille
tiie BF test has been reputed to be one of the wore alagnostically
significant tests of the CAP battery (Nuite, 1977; ‘illeiford,
1976), it is also the wost poorly recorded in the present sauple.
In test presentation, the sensation level 1s referencea to
thresholds obtained with presumably correctly czlibrated
materials. If the BF test is recorded such that the material 1is
39.0 dD less than tune rerecence calibration tcmne (as iu Tape #1),
then the waterials mnominally presented ot 30-dB SL (as per
Willezord”s test instructions) are 1n rfact presentea at a level
of =-9.0 ¢B SL (9.0 4D belowv tie patient”s tureshold). ieuce, 1t
should not bLec surprising to <fiuc that caolldren witu  learning
disabilities do poorly on tiis test. One shoula not ue surprised

te find that wany patients should do poorly.

In an apparent attempt to appease criticisms emerzing from
the observed excessive variability iun scores obtained on the DF
test, Willerfora simplistically recommends an alternate procedure:
one band (either one) is presented at a level of 70~ to £0-db SL.
If difficulty persists the two baunds are then pluyeu, oftemn Just

1 k4

slijutly below the 30-db SL c¢ciling. Cleerly perrormance at

i

70-dB SL will diifer trowm tuoat at 30-dB SL. Tie usase ol yrecter
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sensation levels should be preceded ULy the acguisition of
normative cata since none eilst or are publisied at the present
tinme, In terms of findings <froun tils study, the use oif the
nigh-pass channel - of significantly reducea intensity = is
questlonablie particularily when wost of the stimuli have been
recorded within the noise <iloor orf the recordingz instruwment.
Presentation of tunls distorted wmaterial at hign sensation ievels
would not be expected to ease the tasxk, since w1 1ncreaseu
presentation level will not alter the S/i ratio. Tinainos aave
indicated an ilmprovewent witih tie lncreasea 3L; howvever, these

individuzls still rewained below the 75% criterion for normal.

Finally, i/illeford has recoumencea that racilicties ootain
their own normative data. 4 clinicel consideration that is
arrfected by the need for each individual clinic to generate 1its
own data (since one set of norms may not Le comparavle to another
set oi norms) is the design of therapy. Tadeed, 1t would ve
difricult to devise appropriate therapeutic techniques for a
child wiho, having been identified as abnormal in one clinic,
becomes normal at a differeat clinic. One would expect (from a
valid test) that a child identified as abmormal 1in c¢ne clinic,

also woulu be idencified as abunormal at a airrereut clinic.
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In conclusion, tne findings of the present stucy 1lndicate
that the queality control associlatecu witn Willefora’s recoralnys
of his CAP battery 1s 1incousistent. Thus, the usage of his ctest
battery on patient populations [UST be precedec by tue
acquisition oi normative data on a substantial number of subjects
matched by sex, age, and other relevant factors to eacn patient

population (a suggestion wisely reccmmended by VWillerord). Since

tuere are 200 test items (across tae rour tests), & ilinimum

number of subjects (omne per item) woulu be 200 for eaci watclcd
sroup. In acwdition, 1f 1item, or regression, or correlation
analyses are desirea, a winluut of 10 suocjects per item 1s

warranted (liunally, 1970). Under these concitions, at least 2000
subjects would be necessitated. Clearly, tiils tedious procedure
would mnot be cost efficient, and few clinics would have the
luxury to obtain the wilnimum data necessary. However, 1t 1s
suggested that, because oi its hypotheticcl diagnostic
usefulness, more cata using more carefully controlleu recorded
naterials, be 1nitiated and pursued with vigor and independently

by various interested researchers.
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APPEILDIN &

ULDERLYIILIG DASIS CF LACH TEST

OF THE C.A4.P. TEST BATTLRY

The CAP test battery is composed of four tests cesignec to
assess the intejrity of the aucitory system at various levels ol
the CALS, frowm the brainstem -- Binaural Fusion (3F) and Rapidly
Alternating Speecit Ferception (2ASF); to thalamo-corticuol levels
and the auditory <cortex =—=- Low-Pass rfiltered ES.eecii (LPFS);

through to the temporal loves -- Coupeling Sentence Test (CST)-

The discussion that follows will analyze each oi the four
subtests of the CAP test vattery 1n terms of previous research,
including developments that led to the wmanufacture of each test,
Willeford”s recoumended procedures, a listing of the test itews,
and a summary of the current clinical fincings associated with

each test.
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1. BF

Review of Previous KResearcii

Arnold (cited by Fletcher, 1953) was one of the first
individuals to demounstrate the capaoility of the brain to receive
and integrate two differentially filtered specech sounds, These
sounds are presented simultaneously, with a low-pass filterec
signal to ome ear, and the saue signal ai_h-pass fiiterec to the
other ear (with a cut-off freguency of 1000 iiz). Arnoid was cble
to demonstrate conclusively ennancea aiscrimiunation scores for
this binaural condition (when couparec to discrinilnation scores

for either sisnal presented monaurally).

viatzker (1959) adapcea Arnold”s procewure for wuse 1in the

assessuent of brainstemn integrity. vatzxer ewployea 41
two-syllable German PB words, whicih were ©banda-pass flitered
between 500 and 800 Hz in one ciiannel anu between 1815 anc 2500
Hz in the other channel. The woras thus filterec on each channel
wvere unintelligible. However, when the low band-pass filterec
signal is presented to ome ear and the hijzh baena-pass signal 1s
yresented to Ltie otiier ear siwultaneously, intelli_iovility 1s

enhanced. Words, presentec at a sensation level (SL) previously



determined to result in maximuwm discrimination performance
scuores, were presented in three varyin, conditions: (1) binaural
- the simultaneous presentation of the lov vend-pass rilterea
stimulus to the left ear and the high bana-pass filtered stimulius
to the right ear; (2) diotic - the simultaneous presentation of
both low and high bana-pass filtered stimuli to both ears; and
(3) binaural - repetition of condition (l). ilstixer vieved tue
intesration of the two filtered stimuli as taxing, place wichin
tiie brailnstem, prooavly at the level of the cocule¢ur nuclei and
wmedial geniculate vodies. He postulated that failure of the
integyration was 1ndicative of a loss of ganglionic cells wvithin
the primary auditory centers. Thus, unorrc.al brainstem funcciomn
was 1ndlcated by the demonstration of greater perioruance scores
in the diotilc condition than in either Dbinaural condition. In
addition, he mnoted that fewer mistakes were obtainec on the
secona vilnaural trial than on the rfirst. Brainstem 1nvolvenent
was 1udlccted by ilncreased number of errors, particularly in the
two binaural comnditions relative to errors comaitted wuncer the
diotic condition. liatziter also reported post—-morten
histopathologic finaings that supportec¢ his claiw  that bincural

lntegration occurs st orainstem levels.
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The effectiveness oif Latzker”s test has beea challen,ea

<
A

Lincen (1964) after he failed to replicate iiatzker’s results.
However, Linden, a priori, changed the filter characteriscics,
test protocols, and interpretation grocedures Irom tnose
recommended by hatzker. In spite of these signiricant cuanges,
Linden attributed differences bpetween his results and those of
llatzker as indications of errors 1im ilatzxer”s technigue and
interpretations. In Linden’s test, 15 lists of nine spomnuce
vords eacn were band-pass fllterea ovetween 560 snd 715 iz, and
800 and 2200 liz, and vere presented under varying conultions.
These conditions incluced: (1) wenaural - tirough the low-pass
filter; (2) onaural - through the high-sass filter; (3)
wonaural - through both low- and high-pass Iilters
simultaneously; (4) ©vinaural - througn low-pass filter to cne
ear and high-pass filter to the other ear. ile recoumended a
presentation level of less thau 40-dE SL because he noted
differential effects of presentation 1level as a function of
filter characteristics. Specifically, e observed that
performance scores 1uproved considerably for low banu-puss
stirmull as the sensation level was increased, wnlle perfortance
scores improved only marginally with 1ncreased sensatiou level

for higi bana-pass stimuli. iHe reported results cotained on five
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cases of conrirmed tewporal-lobe dziizze. Of these, t.ere was a
reduction 1in the uionaural conaition for the perroruzuce score or

the ear contralateral to the cortical lesion in every case. In

w

addiition, reduced scores vere obtalnec in the binaural conaition
for tiree or the cases, and one case yielded equzlly reduced
performance scores under all conditions. Lincen also reported

data obtained on 13 patients witih cipanding intracranial 1lcsions

Fh

outside of the tewmporal 1lobe. Ten o these yielced unorr.zl
intelligivilivy scores under the oinaural condition, while two

cases snowved equelly reducec intciligibilicy sccres across all

conditions, and one case resulted in a regaucec :onzural
performance score for Dbotih ears while, at the saue tilue
demonstrating mnormal periormance sceres Ior the binzural
condition. Despite tne occurence of reduced intelligibility in

the bilnaural condition for six of the 18 reported cases, Linden
scored all tne results as being negative since he did not view
the binaural condition as belnyg siguiilcantly worse, thus
flagrantly disregarding the Lact that three of tauese six cases
showed better monzural scores than binaural sccres (Lyun anc
Gilroy, 1972). Linden concluded that latzlker”s test was not a

uselul weasure for tle assessment of CA. S <Tunction. Lyan anc

Gilroy (1972) czutiloned that Lincen failec¢ to provide



documentation of the presence of brainstem lesions in his cases,

anu that perhaps they had only cerebral involveweut.

Furtiuer criticisw of ilatzier”s procedure was initiatec oy
Hayashi, et al. (1966). These 1nvestigators uotec raduced
binzsural scores in 10% (3/30) of their «cases of undefined
retrocochlear patholo,y. llodificztions of liztzker”s tecinique,
to 1nclude six presentation conaeitions of wonosyllavic nonseuse

1

syllables 1iilterea tanrough irequency bands oi 300 to %00 iz, and
1200 to 2400 iiz (they claimec chat liatzwer’s Li_n band-pass Wwas
1500 to 2400 liz) also implemented the rolluving chaa,es: (1)

r

dichotic presentation oi non-uistortec syllables (a diotic
condition); (2) «ichotic presentation orf the signals naving
passeu through the hi.h and low band-pass rilters to both ears
(another diotic <condition); (3) dichotic presentation - high
band-pass to the left ear, low band-pass to tae right ear; (4)
monotic presentation of the high band-pass signal to the left
ear; (5) dichotic presentation — low banma-pass to the lefit ear,
and high band-pass to the right ear; (6) monotic presentation of
the hi,h banc-pass signal to the right ear. Ticse test

conditions were auministered to 78 patilents wvich varyin, corticel

patiiologies. Reduced binaural-rfunction scores were reported 1n
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five cases (including temporal-lobe epilepsy, ccrebellar ataiia,
sensorineural hearing loss, anu two cases with aead trauma).
lormal pattern of binaural fusion (undefiined, out presunably
based upon tihe performance on dichotic conditions) was apparent

in zll cazses of lieniere”s disease and of acoustic trauma. Thus,

tiiey concluded that performance scores for the binsural-fusion
test remain unaffected by cochlear lesions. The; tfurther
reported a "tendency'" of poor binaural <function when the hi_h
band-pass signal 1s ©presentea to the ear contralateral to the
affected cerebral ares. On the ©basis of these data, they

=
v

concluded that binaural fusion would be affected detrimentally by

cortical lesions, as well as bprainstemn: lesions.

In a further study (QOhta, et al., 1967), the same laboratory

2

reported results from 130 cases of '"perceptual" (sic) deafness.
They found tnat of 27 ccses of temporal head injury, seven cases
denonstrated poor binaural fusion. In addition, both cases of
parietal, and neither case of frontal 1injury, showed abnormal
auditory fusion, while only one of four occipital-injury cases
resulted in abnormal bimaural ifusion. They re-ewmphasized that
bincural fusion was a funciliou of corticel ruanction, anu not

restricted to brainsten function. Criticisas of theilr
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conclusions were advanced by 2Plaike (1973) who noted that the
failure to define the subject populations in toth studies
provided 1nconclusive evidence of the presence or absence of

-~

brainstem pathcloygy irom which they drew their conclusions. The
o

criterion used by Hayashi, et al. (1366), for normal performance

was based on a linited sample size (Ii = 10). The criterion to
which layashi and colleagues adherred was not explicitly stated.
In addition, as noted by Plakke (1978)., it is possible that the
hizh band-pass iilter was wide enough tuat binaural fusion became

unecessary to obtailn zdequate perrormance sccres.

lHatzker”s procedure did receive support from Suitu anag
Resnick (1972). These 1nvestigators reported findings in
agreement with those published by liatzxer, on thelr test or
dichotic binaural fusion. This test was desisned to
differentiate brainstem lesions from end-organ or temporal-lobe
pathologies. Test stimuli consisted of three lists of 50 revised
ClIC words (Peterson ana Lehiste, 1962), which were band-pass
filtered (360 to &9G 1z, aud 1750 to 2220 wue) with the peak
ciplitude of the high band-pass signal being 10 db greater than
the amplitude of the lov bana-pass signal. The test consistec or

tiree bLlacural conditioms: (1) dicunctic "&" - hLioh vend-pass



signal to the 1left ear, 1low band-pass to the right car; (2)

diotic - both band-pass bands to both ears; (3) dichotic "B" -

tatl

reversal of ears frow the dichotic "A" condition. Positive crest
findings, indicated by dichotic enhancement of periormance
scores, were vreported in cases of confirmed brainstem lesions.
Negative findings, suggestive of normal brainstem function, were

reported in patlents witch norwmal hearing, bilateral peripheral

hearing loss anc documented cases oi terporal-lobe lesions.

t al, (1972), adaptec Smith and Resnick’s

llofisinger,
technique for wuse with U #6 waterials. Vords were banu-pass
filterecd between 250 and 700 Hz and between 1250 aand 1750 Hz.
They added tvc nonaural conditions (each ezr receiving voth hign
band-pass and low banu-pass signals monaurally) to those of Swith
and Resnick. Test intervpretation was undertaxken separately for
eacii ear, and scores of less than 607 were viewed as abnormal
independent of stimulus presentation paradigi:., Aduinistration of
this test to a group of multiple-sclerotic patieuts revealed

aonormal findings in five of 30 reported cases.

Palva cnd Joikinen (1975) in a modification of the procedure
advocated by Smita and Resnick, changed the band-pass filter

settings to 450 to 720 Hz and 1320 to 2400 z. In cddition, tuey
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automated the presentation paracigm and adhered to the following

order: (1) word %l - presentation of both band—-passecd signals to
the right ear; (2) word #2 - presentation of both band-passea
signals to the left ear; (3) word #3 - presentation of the hLich

band-pass to one ear and the low band-pss to the other ear; (&)
word #4 - reversal of condition 3. Tnis order was repeated until
all 90 test 1itewms haa been presented. Performance scores were
obtained for the rignt ear, the left ear, anc the binaural
stimulation conditions. The most common positive test finding
was ain asynmetry 1in discriminatlon scores between ears as notea
in cases of presbycusis, peripheral hearing losses, and central
lesions (intracranial tumors, mwmultiple sclerosis, and skull
trauma) . According to Palva and Jouwinen (1975), positive
binaural rfindiangs, while noted in several of these czases, were
most evident 1in those patients suffering from intracranial
vascular disorders or head trauma. Palva (1965) cautioned
against interpreting the positive binaural score es indicative of
a brainstewm lesion in the presence of a positive monaural score.
ile asserted that a peripheral lesion would result in the
deterioration of the binaural score, while @ hi her level lesion

would wnot affect this score, 1in the presence of uecreasec

monaural scores.
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Ivey (1969) developed tine 3F which Willeford nov uses 1in his
C4P test battery. For this test, spondee voras wvere selectec on
tiue basis of their relative wunintelligibility when presented
through either band-pass filter, while mailntaining high
intelligivility when prescented through Dbeth band-pass filters

simultaneously.

"In crder to achieve the desired filtering
characteristics the folloviny procecure was usSed.
The original tape was placed on the PR-10 tape
recorder. Channel A" [containin_, the czarrier
phrase] "was passed through a wixer (uniiltered)
and recurded on channels A and B or the Ampex 354.
Channel B" [of the 2?R~10] "was passed through an
attenuator, in order (o make the presentation level
of the words more uniform, tunen the wuniiltered
signal was routed in two ways: 1) tarough a 700 llz
low-pass filter, with a 36 db/octave slope, and
recorded on Channel 4, anu; 2) through a 1900 Lz
high-pass rilter, with a slope of 36 ciL/octave anc
recorded on Channel B of the 354 recorder. These
rejection rates were achieved by cascaaing the 10
dB siope components of two Spencer—-Kenneay ifilters
in the appropriate low- or hi ui—pass condition (see
Figure 3)" [Figure 3B1l].

"To cowplete the filtering of the spondee
words on each channel without filtering the carrier
phrase, the tape vresulting from the foregoing
process was then (lacec on the PR-10. Channel &
stimuli were passed throuzh a 500 iiz high-pass
filter with a 36 dB/octave slope, and then turough
a wixer to be recorced on Channel A oi the 334

rcecorder. Chanuel 2 stiwuli were jpassed through &
2100 lLiz low-pass rilter with & slope of 36
dB/octave znc also passed througn the milxer before

celny recorded on Channel o of the 354. In order
to prevent the carrier phrase frow being filterec,



the nixer was used to couvbine the signals frow
Channels A and 5 when the carrvier phrase was or
(sic) by the manipulation of two silent switches

(sic). The result was series of unrilrtered ccrrier

phrases on both channels, followed by 500 - 700 iiz
band-pass segments of the sponaees oun Channel i,
and 1960 - 21060 iz ©band-pass segments oif the

spondees on Channel B." (Ivey, 1969, pp. ©-10)

A most cursory examination of the block diagram of Ivey’s
instrumentation for the filterin, of the test items reveals some
eleuentary flaws that could have some serious consequences.
Specificelly, accorain, to the £figure he has provided in his
thesis, the "A" output of the Pil-10 recorder appears to be siuply
wire-divided to the outputs ot tiue LP anc of the HP filters. <“he
cbsence of a dividin, networik, since the typical line outputs of
tape recorders vrequire locd iwpedances of 10,000 Chms or wmore,
and tne output impedance of Spencer—Kennedy £filters is 1in the
order of 600 Ohms, thus creates an impedance wiswmatch. Thus the
tape "A" output appears to pe loaded with two 600-Olua loads 1in
parallel wnich would yield a load impedance of 300 Clius. This
impedance mismatch, caused by the cuaission of an

impedance—umatching divicing network, woulc cause the current flow

to increase by a factor of 33.3.



Figure Al

Block diagram of the instrumentation usec by Ivey.
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Figure A2

Corrected block diagram of the imstrumentation used by Ivey.
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This increased flow oI current through the circuit coula
overload some electronic cowmponents and result in a filtering
effect of various frequencies, as well as introducing unwanted
distortion products 1n the signal being recorded. In zddicion,
it 1s unlikely that an attenuator would be providea with one
input and two output connections, since the attenuator would then
become unbalanced 1in terms of output iupedances. Thus, 1t 1is
likely that a dividing network was introducec at that point.
Furthermore, the input impedances of wmost attenuators are in the
order of 600 Ohms, and without an 1nmpedance-matchiny cevice, tne
output 1wpedance of the tape recorder woula wilsuatch tuat of the
input of the attenuator resulting in additional
frequency-selective Iiltering anu added uistortion products. A
block diagram of appropriate instrumentation to accomplish the

stated goals of Ivey has been included in Figure A2,

In addition, the text quoted above 1indicates that the
carrier phrase from the "A" output of the PR-10 recorder was fed
to a mixer and then to both the "A" and the "B" inputs of the 354
tape recorder. In point of fact, this 1is a physicel
lupossibility, since a mixer has two or more inputs and only one

output. Thus, it is most likely that Ivey fed the "4" output of
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the PR-10 through a dividing network (one input and two or unore
outputs), although the inaccuracies of the teut ana of the fi.ure
he provides tend to make sowme researchers skeptical of 1Ivey’s
ability to connect various instruments appropriately. It should
be recognized that Ivey”s wistakes were cpproved as consistent
with state-of-the—-art research by the faculty that constituted
his thesis committee of which Willeford was a wmember. If the "A"
output of tne PR-10 were wired as shown in Figure L1, then the
carrier phrase would undergo some selective filtering effects and
distortion ccused by the impedance miswatcn. If the "L" output
of the PR-10 were wired as shown on Figure ©5Bl, then the test
items would wundergo selective filtering both prior to znd alter
the passage through Ivey’s sets of filters, and were recorded
with attendant distortion products. Ivey”s block diagram also
would lead one to believe that one mixer was sufficient for the
mixing of all signals, which clearly is i1mpossible. In other
fizures scattered throughout 1Ivey”s thesis, there 1is never
mention of dividing networks, but only of mixers, when most of
the needs according to the text required the 1introduction Of
dividers., The instrumentation block-diagram shown in figure D2
was desizned to avoid the problems that Ivey may have experienced

vithout realizing. In aoddition, uo documentation of proper



tape-recorder calibration, and raintenance vas provided ov Ivey.

The demomstrated lack of care and attention to proper
techniques yraphically exemplified by Ivey may have resulted in
the production of signals that would not be eusily replicable in

any other laboratory.

In summary, althou,n general patterns of performance on this
task, by patients suffering from various pathologies, nave teen
reconlzed 1n the literature, the absence oL consistent
instrumentation, psychophysiczl methodoloyy, interpretation
criteria aud documentation of pathologies wmay wake ccouparisons

across the various researchers tenuous.

YUilleford”s Recomnended Procedures

Two 20-word lists of selected spondee words (Ivey, 1969)
filtered 1into two narrow frequency bpands - a low band-pass
segment (500 - 700 lz) and a high band-pass segment (1900 - 2100
Hz) are presented bimaurally with one ear receivin_ tlie low band,
and the other car the high band. The procedure is repeated with
each ear receiving the band-pass sezment not previously presentec
to that e:r. Words are presented at 30-dB sensation level (5L)

(re: pure-tone chireshold for 500 iz and 2000 Hz for low and nign



band-pass respectively) (Villeford, 1976). Scoring for 4 yiven
ear 1s assigned arbitrarily to the ear receiving the low

band-pass segment.

Table Al contains the test items for the Binaural Fusion

test.
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TABLE Al

DILAURAL FUSIOW

List 1

bagpipe
woodchiuck
baseball
bioodhound
churchbell
daylight
ralnpow
drugstore
bonbon
buckwheat

List 2

doormat
footstcol
horsesince
stairvay
housework
lifeboat
mishap
nutmeg
platform
watchword

11.
12,

13.
14.
15,
16.
17.
18.
15.
20.

11.
12,
13.
14.
15.
16.
17.

&l
oo

19.
20‘

aovetail
shoelace
bedroom
eyebrow
neatball
bluejay
birdnest
northwest
althouzh
padlochk

V1gwail
dolihouse
wildcat
scarecrowv
soybean
therefore
whizbang
workshop
yarastick
bobwhite

rage 5z
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Findings Associated with Uilleford”s Test

Abmorially recuced scores (less than 75%) have been noted in
teenagers and a&adults suffering from brainstem patholoyy - whicu
may Or may not be secondary to temporal-lobe 1iavolvement (Lynn
and Gilroy, 1972). 1In aadition, abnormally recuced scores also
have been found in pacrients a&aiflicted with peripheral hearing
loss associated with decompression sickness (ilittenberger, ct
al., 1978). Willeford (1973) and Dempsey (1977) reported tnat
children with aucitory problems failea this test nore frequently
than any of the other subtests of the CAP test battery. Dewpsey
added that all children identified as severely learning disavled
failed either the DF or the LPFS tests. Velsa, et al. (19€0),
nave suggested that the BF test anc tine LPF3 test were the wost

sensitive tests of the battery for the detection  of

central-auditory pathology among dyslexic children,
2. RASP

Deview of Previous Research

The use of alternating speech as a ueasure of central
auditory function was sugpested by Bocca (1960, cited in bocca

anc Calearo, 1963), although Calearo (1960, cited in bLocca and



Calearo, 1963) originally nad ceveloped the test ior the
detection of malingerers. Tlie test incorporated sentences whicu
were switched periodically from one ear tc the otuer so that cach
ear received half of tue sentence. The switcnlng rate was varied
between 2 and 40 alternatioms per seconad. Findings ior
normal-hearing listeners typicalily revealed 100% discrimination
independent o¢f the svitching rate. Lesions contfined to the
temporal auditery cortex did not appear to atffect the accuracy of
discrimination, lowvever, 1n cases of dififuse cerebral patholo,y
and brainstem i1nvolvement, discrimination scores wvere reduced
(Bocca and Calearo, 1963). Bocca (1960, <cited in Locca and
Calearo, 1963) thus considered the test to ve effective 1in the
differential dJilagnosis of brainstew pathology from peripheral or

cortical lesions.

Lynn and Gilroy (citee in Vinkelaar and Lewis, 1976)
nodified Bocca and Calearo”s procedure so that the dwell time of
the signal was 300 ws. Although the segments, when presented

monaurally, were wunintelligible, when fused together during

binaural presentations, they became vreadily icentifiec by
normal-hiearing listeners. Scores of less chan 90% (based on 10

test items) were considered to reflect abnormall, large &mounts



of breakdown, and were thougnt to be relatec to vrainstei.
pathology. Willeford”s recommended grocedure virtuelly is
identical to that practiced by Lynn and Gilroy. Lovever, the
test sentcnces used by “Willeford are diiferent from those used by
Lynn ana Gilroy. The e:ifects of that difference rewcin

undocumented.

Villefora s lLecoumended Procedures

Three lists of 10 sentences cach are presented zt 30-dB SL
with half of the sentences veglnning in each ear. The stimuli in

each senternce alternate bLetween the two ears every 300 ws.

Table A2 contains the test items for the vapidly Alternating

Speech Perception test.
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10.

TABLE A2

2APIDLY ALTERUATING SPZzCh PERCLETION
(Roman numerals indicate the channel receiving the

i1

1T

i1

I1

1I

1L

I1

II

very first sound)

List 1

The fire eungine raced down the street.
Do you want to 3o to the pienic?
There were many trees uround tie house.
ily dog always does what I ask.

he 1s afraid to .o home alone,
The bird flew out of its case.
Tue puppy chased the bi, rece ball.
The tree branch oroke oif 1n tie stora.
Did you get the tickets for the gaue?

WVhere did you put the yellow swezter?

List 2

Ve camped in the woods last nignt.
TJould you join me for cokes after school?
The mayor was elected yesterday.

The secretary gave uae the wrong nuuber.

w

(o))



(o)

co

lO.

I1

II

I1

II

II

TABLE A2 (continued)

There are many kincs of Iish in the ocean.
The cnildren enjoyead playlng at the ceach.
The horse raced around the traci.

Put a dozen apples in the sack.

There was dew on the gsrass this wmorning.

Plants will begin to _row in the sgring.

List 3

le spilled the gravy on tue tavle.

The woon shines brightly in the sky.

The officer gave nlu a ticket for speeding.
iy father takes me fishing every fall.

He fell in the lake snd yelled for uel,.
Did the ccrnera flash scare you?

She carried the parrot on her shoulder.

The garbage man comes on ‘ednesday.

The bird built a2 nest in the tree.

I like to drink cocoa for uwreakfast.

Pize 57
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Findingzs Associated with Villeford”s Test

Viiile votn the ZASP and the ©BF tests are sensitive to
brainstewm—level function, collective data (Lynn anc¢ Gilroy, 1977)
have been interpreted to indicate that the 1ASP has the added
potential of dirierentiating between higher ancd lower brainsten
disorders. Specirically, researchers, including Lynn and Gilroy
(1977), have associated abnormal findings on the o[&aS? with
lesions of the cauaal regions o:f the pontine area of the
brainstern. Despite the lack of diiferential sensitivity of the
RASP for children zfflicted with auciltory perceptual disorders
(Dempsey, 1977), this test has resulted in zbnorwal findings for
individuals witi peripheral hearing loss (Lynn and Gilroy, 1972;
dittenberjer, et al., 1978), in individuals following

t al., 1979), and in a

decompression sickness (lilitenberger,
small percentage (approximately 137%) of dyslexic children (llelsh,

et al., 1980).

Lynn end Gilroy (1977) cautioned that abnormally reduced
perrormance scores on the LRASP test also have bLeen obtained from
individuals uiflicted only with peripheral hearing 1lmpairuents.
They postulated that abrnorr.el findings in these cases could be

related to iwmpairec pincneaic discriuilnation or pnonemic



regression (resulting frow a peripheral sensorineural hearing
impairment). In &ddition, they also mnoted sligntly reauced
performance scores 1in individuals affected by cirfuse (bilateral)
disorders at the cerebral level (id est, neuromal atrophy, with
ventricular enlargement resulting in corpus czllosuwm distortion

as associated with cases dlagnosed as deuentia).

Review of Previous Rescarch

Early vwork undertaken by Bocca, et al. (1954, 1955) led to

the development oL a procedure for assessing the integrity of the

auditory systew at the cortical level. Through monaural
presenrtation of low-pass filtered speech, poorer
speech—discrimination scores vere yielded in the ear
contralateral to the <cortical 1lesion. The procedure itself

lncorporated lists of ten phonetically balanced, disyllabic,
neaningful words which were low-pass filtered such that all
frequencies gyreater than 6§00 Hz practically were eliminatea. b
series of 1lists were presented monaurally and an articulation
curve plotted for each ear. Discrimination scores of 70 - 04,

oilateraily, were viewed as normal. In cases of temporal-love
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tumors, 1in the absence of peripheral involvement, Jiscriuinacion
scores were 25% poorer in the easr contralateral to thue
temporal~lobe tumor (Docca, 1953). 1In their 1955 study, Docca et
al, used a low—pass filter with a cut-off frequency of 1060 liz.
The range of articulation scores for their alleged normel
listeners 1increased to 60% to &0%. However, the test appearcc
sensitive only to lesions confined to the auditory area of the
temporal lobe. In additiom, lesions outside the auditory area

failed to result 1in significantly decreased perforizaiice scores.

Later rescarch (Calearo anc Antounelli, 1963) incorporatiny
32 unilateral temporal-love lesion patients, ten with
tewporal-lobe epilepsy - which involved partial temporal
lobectomy including the auditory cortical area - was consistent
with earlier fipdings, with the ear contralateral to the
temporal-lobe lesion demonstrating scores that werc 20x to 30%
reduced compared to the 1ipsilateral ear rezardless of the
hemisphere involved. In 11 cases 1involving tewuporal—-lobe
surgery, discrimination for filtered speech decreased for tae ear

- . . - N - . - L4 s -
contralateral to Lhe side of the lesion even wiien BHeschl’™s gyrus

was not reuwoved (Czlearo and Auntonelli, 1968).
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Jerger (1960) reported findings that were in agreewent with
those of Bocca et al. (1954, 19255) in spite of having nodified
Bocca’s procedures. Jerger incorporated English PB word 1lists
that were low-pass filtered at 500 Hz with a rejection rate of
17-dB/octave. In two reported cases of temporal-lobe patnology.
Jerger (1966) noted that discriwmination scores for the ear
contralateral to the lesion were 30% poorer than those <for the
ear ipsilateral to the lesion. Ile (1964, cited in Jerger, 1973)
further reportec results for four groups of patients with CiiS
patholoy,y. These results indicated (1) mormal findings for the
group witn lesions restricted to the brainstem not involving the
auditory systenr (i = 7); (2) a reduction in intelligibility of
approximately 20% rfor the ear contralateral to the lesion in the
group with brainstem lesiouns involving the CALS (Li = 7), as well
as the group afflicted with wunilateral temporal-lobe lesions
involving the auditory cortex (Heschl”s gyrus) (U = 6); and (3)
for the group with cortical lesious not involving the auditory
cortex, a reduction 1n discrimination scores, but to =z lesser

extent than for groups with lesions involving the CALS.
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Lynn and Gilroy (1972) further modified Bocca’s procequre by
using Northwestern University (ilU) Auditory Test #0 low-pass
filtered at 500G Hz with a rejection rate of 34 dB in the first
octave. llormal scores ranzed from 4G% to 70% with interaural
differences of less than 3%. Findings for cases of temporal-lobe
pathology provided further confirmetion of the decrease in
discrimination ability for the ear ccntralateral to the cortical

lesion.

Thie low-pass filtered speech test used by Willeford 1in his
CAP test Dpattery and 1listed in Table A3 was developed by Ivey
(1969). 1lie used the Peterson and Lehiste (1962) words which were
selected on the Dbasis of previous research (Billingslea, 1963)
which analyzed the intelligibility of low—-pass filtered
consonant-nucleus—cecnsonant (CiIC) words (500 Kz, 13-dB/octave
rejection rate). While Billingslea (1963) reported that the ten
CiiC word 1lists resulted 1in homogeneous performance scores under
Iiltered conditions, he cautioned that a marked difference
existed in the intelligibility of individual items witiiln each
list. 1Ivey (1969) elected to set as a criterion for selection
only those items which normal-hearing listeners couid identiry

correctly 95% of the time under those filter conditions created
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by Billingslea (1963). The vrationale for this selection
procecure was that tue tasi thus would be relativel; easy; rfor
individuals wilthout central-auditory dysfunction. Two 50-word
lists were recorded on one chaunel of the tupe with tune carrier

phrases monitored to peaxk at a 0-VU ueter reading.

Willeford s Pecoruaended Procedures

Two 50-word 1lists of specially selected monosyilabic
(University of i.ichigan) CIC words (Ivey, 196%¢) - words selected
so that they remain incelligible following electronic filtering
with a cut—off frequency of 500-iliz and & rejection slope of
13-db/octave — are presented at 50-dB SL (re: either the
pure—-tone average [PTA] or the spondee threshold [ST]). The

0-dl SL (re: either the PTA or ST) was

w

presentation level of
selected on the basis of performance-intensity (P/I) functions on
normal-nearing adults, where it was mnoted that scores either
peaked or asymptoted at this level (Gawbino, 1963; Willeford,
1977). A difference in difficulty between List 1 and List 2
detected by Ivey (1969) and later confirmed by Willeiord (1973),
prompted tne instigation of a correctiom factor of 10k to bDe

added the scores obtained £row List 2 to cowpensate for tue
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Table i3 contains the test items rfor che Low-Pass rilteroc

Speech test.
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1. home 11.
2, root 12.
3. hide 13.
4, more 14,
5. lap 15.
6. phone 16.
7. pole 17.
3. mwine 18&.
9. burn 19.
0. ride 20.
1. wood 11.
2. nhash 12.
3. dab 13.
4, work 14.
5. chum 15.
6. hush 16.
7. hate 17.
S. which 18.
9. joke 19.
0. limb 20.

LOW-PFASS FILTLERED

jar
much
kid
Var
have
rain
curve
patcn
rmoon
car

wveak
mire
loop
jet

wihat
chin
job

turn
uove
word

21.
2.
23.
24,
25.
20.
27.
20.
29.
30.

List 1

head
write
hire
zone
dumnb

. book

toad
choose
shock
such

List 2

wash
vine
love
par
juice
dock
hole
wheat
shade
neat

SPLECH

31.
32.
33.
34.
35.
36.
37.
33.
36.
0.

31.
32.
33.
34.
35.
306.
37.
36.
39.
4G.

bite
lot
dine
talk
coat
shine
bone
hot
search
lash

wish
pau
roon
tone
DUy,
tube
bun
white
pile
nose

41.
42,
43.
44 .
45.
46.
&7.
4a.
49,
50.

41,
42.
43.
L4,
45,
46.
47.
45,
49.
50.

coln
lag
tire
cash
lucic
wap
neck
watch
fine
wash

should
loan
ligut
vire
sure
wet
dish
hair
well
pull

f

@]

(e))

w



Findingss Associated with Willeford“s Test
fo]

Abnormally reduced scores (less than 74%) or betwecen—ear
difference scores greater than 10%, suzgestive of cortical

patholosy have been reported in cases of peripneral hearing 1loss

(t{ittenberger, et al., 1978), learning disabilities (Willerord,
1974; Pinheiro, 1977; VWhite, 1977) - includin; marked spacial
problems (Musiek and Gerurkink, 1980) - and dyslexia (Velsh, et

al., 1980), stuttering (Larimore ana Willeford, 1980), auc

following decoupression sickness (liittenber_,er, et al., 1979).

Studies on performence obtained on this task with learniug
disabled cihiildren indicated that left-ear performance tended to
be slightly less than normal while rignt—ear performeance was
"borderline" normal (Pinheiro, 1977). reduced left-car
performance also was apparent amongy a group of stutterers
(Larimore and Willeford, 1980). In addition, of the four tests

wvithin the CAP battery, the LPFFS test was the one :i0ost often

failed in isolation (White, 1977).



Review of Previous Lesearch

The origins of the CET way be traced to early wori oy
Broadbent (1954, 1962), Broadbent and Gregory (1964). Kinura
(1961), Shankweiler (1966), and Shaunkweller and Studdert-zenneay
(1967) waich made use of various dichoticzally sresented material
including diglts, musicel notes, nousense syllables, spondeuically
stressed words, synthetic ana ''matural" sentences. Reduced
performance scores on dichotic tasks have Leen associated with

cortical patholopy (Kimura, 1961; latz, 19862; Katz, et al.,

1963; 1Ivey, 1969; Jerger anc Jerger, 1574; ileith, 1977; Lynn

£t al., 1972; ‘viilleford, 1977).

Early resulis, making use of dicnotic digilts, suggested a
sensitivity of this test paradigm to corticzl patholopy (Kimura,
cited in Brunt and Goetzinger, 1963). A laterality effect wes
first noted among normal-hearing listeners by Kimura, and was
nade evicent with the right ear typically demonstrating superior
performance scores over those achieved with the left ear. This
right-ear advantage (LEA) was evident in children zs youni as ©

7y e Ty * - . . o " _ ~ -1y 958
yecrs of age (Ximura, cited in Drunt ane Goetzinger, 190¢).



Serlin, et al. (1973), however, have indiczted that the 324 ccon

be demonstrated reliably in children as youn; as 5 years of age

The use of consonant-vowel (CV) syllables, in a dicnotic
presentation paracigm, has been advocated by other researchers
(see for example Berlin and Lowe, 1972). A variety of interaural
time—-delays has been added to the strictly dichotic siwultzaneous
onset condition, and these have been combined to form the Dbasis
of Berlin”s dichotic nonsense syllavle test (Berlin ond Lowe,

1972). Interaural time-delays of 30, 66 and 90 wns have been

used, and these have been purportec to vyield «n AEA  to
normal-hearing rigint-handed individuals, and also to pe
differentially sensitive to various ccrtical pathologies

(Koffsinger anc Hurdsiel, 1979). The relative performance of tue
rizht ear compared to that of the left ear has been used to
differentiate lesions of the left anterior, left ©posterior, anc
right temporal lobes, as well as lesions of the deep lert
parietal lobe, corpus callosum, anterior commisure and thalauus
(Berlin and Lowe, 1972; Berlin, 1976; Berlin, 1901; Dermody

and lloffsinger, 1976; lioffsinger and Kurdziel, 1979).
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Further investigations by Tobey, et al. (1979), undertacern

with learuing disabled children, failed to demonstrate
differences 1in perforuance (either in the magniiuce of
performance scores, the ear showing dominant performance, or the
error pattern) between the disabled children zncg a control STroup
of mnorwmal chnildremn. While identification of lagging stimuli was
easier for ovoth groups of children, as the stiwuli”s interaural
time-delays becziie more disparate, only the normal children were
able to improve correct icentificction of the leading stimuli.
The 1learuning disabled <children, wnile able to maintain correct
identificstion of the laggzing stimuli, failed to show an
improvement 1n their ability to correctly identify the leading
stimuli, thus resulting in an apparent exajserated lag etffect.
This pattern of performance by the learning disecbled children was
interpreted as being indicative of a reduced temporal processing
ability, although the site of lesion that would result in sucn a

deficit was not established.

One of the commonly used coumpeting-message tests 1involves
tihe use of spondaically stressed words, only portioms of whicn
are presented in & crude dicliotic paradigm. This test has GLeen

ldeatified as the Staggered Spondsic Vord (SSU) test (Hatz,
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1962). The original ideal purpose of this test was to zssist  in
the identification of central pathology even in the prescnce of
concomitant peripheral impairment. Tue 40-~item test consists of
pairs of spondaically stressed words presented one each to che
rizht and the leit ear of the listemer. The spondee pairs are
time staggered at the ears such that one word lezds the other by
one syllable. Thus, the second syllable of the first word 1is
presented approximately simultcneously with the first syllable of
tne second wora. Cowplex scoring procedures associatec with this
test entail the comparison oI each ear’s monolic perioruance
score, anc each ear”s crude-dichotic perforuance score over the
40 test 1items. The ear receivin_, the leadiug stimulus varied
frowm item to 1item. Scoring patterns of the two ears are
considcred, corrected, and cowupared to normative deta that are
largely wunpublished and which have originated virtually
exclusively from Katz® laboratory. Attempts to obtainm original
raw data have met with failure. Ideally, it would appear that
this test 1s semsitive tc¢ lesions oif the auditory cortex.
Differentiation of high- versus low-brainstci: patholo,y alsc Las

becn alleged.
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The Synthetic Sentence Identification (SSI) test  was
developed by Speaks aunc Jerger (1965) and comsists of third-oruer
sentential approximations. The test since has Gteen wmodified
(Jerper, et al., 1968) to 1include coupeting messages. The
purpose of this test was to provide the examiner witn an
instrument that would task the i1nformation handling capavilities
of the auditory system in & more rigorous rashion than 'nmotural
sentences. This added rigor was thought to be wmore lisely to be
sensitive to CALIS lesions. Puclished research (Jerger and
Jerger, 1975) indicates that this test, when wused with =
contralateral cowmpetin; message, is sensitive Lo tecuporal-lobe
lesions. ilowever, when this test 1s used with an ipsilateral
competing message, 1t appears to be sensitive to brainsten—~level

lesions.

The wubiquity of the competing test paradigm, and its
apparent dlagnostic uselfulness, led Willeford to develop the CST
subtest of uis CAP test battery. Specifically, Willeford (1973)
claims to have designed the test primarily for the assesswment of
the integrity of the CAl!S. The use of '"matural" sentences was
sdvocated im an attewpt to simulate language coustructions heard

iln everyday conditions, and the language level of the test 1teus



was purported to be adequate for usage with very youn, childreu.
In addition, it was thougat that individuals wich low-level
intelligence or with severely impaired literacy could cope with
the task required for the valid administration of the test,

although no data were [ound to support tiils centention. o nunicer

of researchers (Treisman, 1964; Beriin, et al., 1972; Speais,
1675; Derlin and lleleill, 1576) have cdemonstratced that the

presence of a competing signal vhose content was siwuillar to that
of the primary signel i1ncreased the zmounc of coupetition thus
waking the task wore difiiculec ane, at the sawe tiac, wore
sensitive to Cand lesiomns. Beceuse of these observations,
VVilleford constructed competing stiwmuli that were similar 1in

lenzth and conteut to those of the priaary signals.

WVilleford”s ilecommended Procedures

Two different sentences are presented, simultaneously, one
to each ear with the primary sentence presented at 35-db 8L to

.

one ear and the competing senteunce at 50-d0 SL (8/C=-15) to the
other ezr. Tue procedure then is reversed and a seconc list of
sentences is presenced so that the ear recelving the competing
messase  in tne first conditionm now 1s recelving the prinery

wessase,
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Table A4 contains the test icems for tie Coupeting Sentences

test.



TAELE A4
COIPETLLG SLLTEZELCES

(a = primary siznal,
b = competing messzze)

TEST lic. 1
I think we”ll have rain today.
There was frost on the ground.

This watch keeps good time.
I was late to work tocay.

171 eupecting a phone call.
Please answer the awoorlell.

The bus leaves in five :lnutes.
It is four blocks to che library.

Illy mother is a yood coox.
Your brother 1s a tall voy.

Please pass the salt und pepper.
The roast beef is very good.

There 1s a car behind us.
This roau 1is very slippery.

Leave the keys in the car.
Fill the tank with Jas.

It"s always hot on the Fourth of July.

Curistias will be here very soon.

Yile had to repalr the car.
You should really take a taui.

Pazse 74



10.

a.
D.

ae.
D.
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TABLE A4 (continued)
TEST lo. 2

The ice-crezwm sundae 1s very jood.
We have chococlate anu stravoerry toczy.

Fasten your seat belt.

Get ready for tcke-orff.

I think you need a band-aid.
You should see a doctor.

This 1s tue latest style.
That fits you perfectly.

I will be vcack zfter luuch.
You un.ay take tnis Saturday off.

I have seen thils wovie before.,
This movie is mot like the booxk.
Alr=-uail will pet there faster.
Pieasc answer on & postcard.

@

I thiuk ve have met beforve.
You probaebly don’t remewber me.

This train 1s goiny west.
A4ll the cars are alr-conditioned.

The chilaren are playing baseball.
Footoall is an exciting jaue.



Findings Associated with Willeford”s Test

Abnormally reduced performance scores (less than 90%) have
been documented 1in patients afflicted with lesions of the
posterior left temporal-lobe (Lynn and Gilroy, 1972), of the deep
left parietal-lobe concomitant with corpus-callosum involveuwent
(Lynn and Gilroy, 1972), and in some }patients suffering from
frontal-lobe 1lesions (Lynn and Gilroy, 1975). In zddition,
patients exhibiting 1learning disabilities (i/illeford, 1976;
Pinheiro, 1977; liusiek and Gerurkink, 1983}, and patients with
vascular and degenerative disease (Lynn and Gilroy, 1975) have
demonstrated abnormal and significant results. However, this
test did not appear to be sensitive to lesioms of the :zuterior
temporal lobe (Lynn and Gilroy, 1972), nor tc central-auditory

pathologies associated with dyslexia (VJelsh, et al., 1980).




APPEIIDIZ D

CATEGORIZATICH OF ERECQEDINGS

All the magnetic-tape recordings wused during the present
experiment were acquired [rom various clinics, and/or inaividuals
within the past chiree years. The eight recordings acquirec for

ueasurenent purposes were dilivided into two czate_ories.

1. "OLD" -- Tape recordings were placed in tuis category if the
length of time duriung wihich they had been usea could not be
ascertained, oxr if they were knowm to nave been used more

tnan five times.

2. "LEW" -- All tape recordings placed in this category either
had never ©been used (H = 2) or naa been usec less than five

times (Ii = 2).
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APPELDIXN C

PLAYBACK CALIDRATION OF TiE

TAPE LECOEDER USED

Frior to any of the calibration measurements, the tape heads

of the recorder/regroducer (akai, licdel 172Z) were cleaned auc

degausse¢ 1m accordance wiltn procedures sygecifiea by the
manufacturer. A  cotutercial head cleaner vas used to clean the

heads, wiilie concentrated alconol was used to clean tine tape

paths, capstan anu roller.

SPELD CALID.,ATION

The speed of the tape-drive unit was calibrated wusing a

five—winute timing tape anc¢ stopwatci. Tape speec cdeviation of

[&]

a

<,

less than 0.3% for the preferred tape speed of 7.5 in/s
considered acceptable anc is in accordance with che
specifications promulgated by the ilational Assocliation of
Broadcasters (W.4A.D., 1965). The range of the cvera,e speec of

the recoruer/reproducer was 7.52025 in/s to 7.475%75 1in/s. Tais

error 1n the speed of the tape recorder will result in a Ledie LUt



frequency deviation of 2.7 Hz at 1000 i=z. The speciric speed
deviations cssoclated with the reccrder/reproducer as determined
prior to the measurement of each tape is contained in Tables Cl

through CO.

A block diagrawi of the 1instrumentation used for the
calibration of <the tape recorder/reproducer 1is contained in
Figure Cl. The output of the tape recorder was fed to the inpui
of aun impedance-uiatched loudspeaker. Tne output of the recorder
also was monitored across the speaker with a wicrophnone awplifier

(Bruel &« Kjaer, Type 2603).
o

Prior to tlie playback level calibraticn, the tape heads uere
aligned wusing a commercial reproduce/aligonment calibration tape
(Ampex, Mo. 01-31321-01), with 50- ard 313G-us equzlization.
The tape heacs were aligned for mazimuwm outiut voltage using a
1500C-iiz tone. The 700-iiz reference calibration tone recorded at
Flayback level (10 dB below operating level) om the czlibration
tape was used to adjust the reproduce level of the recorder to
obtain a 0-6d3 (relative) reading on the weter oI the mlcrophoue

o L] —- - . “ - .- = - s P 1
awplifier. Jias and equalization adjustments wvere accomplished
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so that the output levels of the tape recorder at all other test

Las¥)

frequencies would fall within the specifications. Resulis o

tnis calibration are contaluec in Tables Cl turough Cl.



Fi_ure Cl

Blockk diagram of the instrumentation uvsed for the calibracion

tae tape recorder and for the acquisition of data.

oL
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TABLE Cl

Results of tape recorder playback calibration
for Tape #l. (speec deviation = -0.27%)

CUANNEL 1 CIIALKEL 2 |TOLEXALCT RE: |

| (ilz) : (relative dB)t (relative ¢B)[il4L standards |
| | ! | (relative dB)|
|- | e e = | —mmmm o |
| 15G00 ! +0.5 ! +0.2 | +1 to -3 |
A T A R
A e 1 e T
R S S
A — P e
A A A
T e ;
T e e S :
P e 0w T :
T e T A S P S )
T e T R o PR
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Results of tape recorder playback calibration
for Tape #2. (speed deviation = +03.27%).

HOLIIRAL FREQUELCY CEALINIEL 1 CUlALNEL 2 |TOLILALCE RI:

[SEN ]

I | I I
| (ilz) | (relative &B)| (relative GE) |45 stzacards|
| | | | (relative ¢i)|
l=========:=:======= ]============== l==:=========== |=======.-_'==:=== I
| 700 I O | 0 [ i
e = ettt j—mm e |
I 15060 | +0.5 | +0.2 | +1 to -3 |
= | = | = [-———— - |
| 12000 I +1.0 I +0.3 | +1 to -2 I
= R Rty | = I
i 10000 | +0.4 I ~1.0 I +1 |
fmmm [ jm—m e e {
I 7500 | +0.3 | 0.0 | +1 l
| = | = = ————————— —m |
I 50660 | +0.9 i +0.3 | +1 I
[=——m e | mmm e | e | mmm e |
| 2500 | -0.1 | +0.1 | +1 |
| [ [~ [-—=———m I
| 1000 | -1.0 | -0.6 I +1 |
| = - | = | R s I
| 500 | -0.5 I +0.2 I +1 !
e | ——— e [~m—m |[-——————————— i
I 250 | +0.5 | +0.9 | +1 |
| = |- e | ————— |
I 1GO f +0.4 | +0.6 | +1 |
o - = [mmm | = |
| 50 | +0.5 I +0.3 | +1 to -3 I
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TAELE C3

Results of tape recoraer playback calibration
for Tape #3. (speed deviation = -0.17%).

| WOLINAL FREGUENCY | CHAULEL 1 | CHANNEL 2 |TOLERAIICS il: |
| (iiz) | (relative GE)| (relative dB) AL stancards|
| | | |(relative d2)|
l=================== I=======_—.====::= l=====:====:=== I =TS = '
| 700 ] 0 [ 0 S |
[ mmm e fmm—— | [ = |
| 15G00 | 0.0 | -0.7 | +1 to =3 |
= [————— [ === ————— | mmm e —— |
| 12000 | -0.1 | -0.3 | +1 to -2 |
= f=——— = Rt s I
| 10000 | 0.0 | -G.9% | +1

et il e |~ e e [ —m I
| 7500 I +G.7 I +0.1 I +1 I
fmmm e fm————— | = | m = |
I 5000 I +1.0 I +0.6 I +1 I
et jmm—— e ——— == = |
I 2500 I +0.4 i +G.38 I +1 |
R D e it E b L = = I
| 1000 I -1.0 | -0.2 | +1 |
[~ e [~ e ——— | =—— I
| 500 | -0.4 | +0.3 | +1 I
= [~ |——————————— f———m———————— |
| 250 I +0.5 I +0.9 | +1 I
e e | = m e | = m e |
| 100 | +0.5 ] +0.7 | +1 |
| = | == em R e I
| 50 | +0.9 | +0.3 | +1 to -3 I
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TASLE C4

Results of tape reccrder playback czlibration
for Tape #4. (speed deviation = -0.03%).

CHANNEL 1 CLAINZL 2 |TOLERALCE LE: |

| (Hz) : (relative dE): (relative dB) |UAR standarus |
i | | | (relative <) |
S S P S
R | e e |- - | = mmm e |
| 15GG0 I -0.7 ! +C.1 [ +1 to -3 |
R S SPE RI E
T T eoee T e
B R e
T 00 N Y
R S
AT T e e T e
A S e S
T e I e R
T e S PR ;
AR s T e e
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TAELE C5
Results of tape recorder nlayback calibration

for Tape 5. (speed deviation = -0.07%).

| HOMINAL FREGUELCY | CHANNEL 1 | CHALIIEL 2 |TCLEIALCT RE: |
| (iiz) | (relative dB)| (relative dB)|lAb stencdards |
I | l [(relative ¢b)|
| 700 | 0 l 0 I |
o | === |———mm | = e |
| 150C0 | -0.4 I -0.1 | +1 to =3 |
|——~—— |- o | -——————————— |
| 12000 i +0.5 [ +0.2 | +1 to -2 |
[~ |- | -~ | = I
I 100060 l +0.3 | -6.5 l +1 l
[ = =~ [——————— |-—————————— |
| 7500 i +0.6 1 +G.2 | +1 I
== | === = = |
I 5G00 | +0.9 | +1.0 | +1 I
| = e it - |
| 256¢ | +0.2 | +0.3 | +1 |
[ e Rttt | = = |
| 1000 | -1.0 | ~0.4 | +1 |
| = e [ oo | f o !
| 500 | -0.6 I 0.0 { +1 |
fm—m e [ e e = |
| 256 | +0.4 | +G.7 | +1 |
e |—mmmmm oo e R |
| 100 I +0.5 | +0.0 l +1 |
| = | == |-~ | ———mm o I
I 50 I +0.1 l -G.3 | +1 to -3 |



TABLL Co

Results of tape recorder playback calibration
for Tape #6. (speed deviation = +0.13%).

CHALNEL 1

CilALEL 2 |TOLIZRAIICE RE:

| (1iz) : (relative dB)i (relative <) ]iias stanCards:
i | | [(relative dD) |
| == e | = | = e —— |
| 15000 | -0.2 | -0.3 | +1 to -3 |
T oee s T TR T e
T A R T S R
A A S
A S
AP e— A I T
T e e P PR i
A — R S |
AP AT RSP ':
A B e :
™ T e T T T e T o e s
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TADLE C7

Results of tape recorder plaj;back calibration
for Tape #7. (speed deviation = —-0.035).

| EOMINAL FREQUEINICY EARIIL 1 CIALUKEL 2 |TOLERLLCE RE: |

| (iz) : (relative dD)t (relative cB)|IIAB standards|
| | | [(relative <L)
H T L e
| —mm oo |~ | == e R |
| 15000 | -0.8 f ~-1.0 ! +1 to -3 |
T aeee TP S
A T s e T
J e —— A v
A e e AT
T e T e e T
T e R P
A R P ;
A IS e
T e Ty T T T ;
e S P



TABLE CC

Cesults of tape recorder playback calibration
for Tape #3. (speec deviation = -0.03%),

| [iOLIIHNAL FREQUEZICY | CILALIIIEL 1 } ClLIAIGLIEL 2 | TOLEALCE LI |
| (liz) | (relative dL)| (relative di)|LAD standards |
| | | |{relative dp)|
J 700 | 0 | 0 — |
[ = = [ === |~ |
| 150G0 i -0.9 i -1.0 | +1 to -3 |
| - e | = j=—— |- |
| 12660 | +0C.1 | -0.9 | +1 to -2 |
| m e | ——m e | | |
| 106600 | 0.0 I -3.9 | +1 |
[ [ == | R ittt I
J 7500 i -0.4 | -G.1 l +1 I
[m——— e e [~ e | ~em e |
| 5G00 | +1.0 | +0.6 l +1 |
| == | e it j=——m I
I 2500 | +0.8 | +0.5 | +1 I
[mmm e e T e | —mmm I
| 1000 | -0.7 i -G.4 | +1 i
| ——m e o - | - i
| 560 | +0.1 i +0.2 | +1 |
e j—mm [ | m—m——————— i
| 250 | +5.9 | +1.0 l +1 |
| === | m— ettt |~ |
| 100 | +1.0 [ +0.7 | +1 :
= | mmm e jmm—— -—————————=

| 50 | +0.5 | -0.1 | +1 to -3 |



APPENDIX D

rJ
t1
=

DATA ACQUISITION

The instrumentation described in Appendix C was used o
acquire the data for tue present experiment., Additilonal details
may be founu in the “PROCEDURES” section in the body of this
docunient . The poteantiowmecter range 1is 50 dD. The rectiiier

o

response was set Lo “RIIS” for all tests except Lthe [4A3P2 iu  which
case the response was =djustecd to “PZAR”. The writin, speed was
200 taa/s and the paper speed was 30 win/s. Usin; these instruuent
settings, nard—-coupy tracings were obtainceus o0f the recording
levels of itews on the tape recordings. As an  exaaple orf the

morpholosy of these tracings, some results zfor Tape #5 are

contained in Figures Dl through D&4.



Figure D1

Tracings for the LF, Items 6 through &, List 1, Tape 5.
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Figure D2

tne RASP, Channei 1, Items 7 through O, List 1, Tape

Tracings Lo

#5.
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Fijure U3

Tracings for the LPFS, Itews 33 through

w

t 1, Tape 5.
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Figure D4

reference calibration tone)

dB (re:

20

15

MWe-have -choecolate.—— -

10

Get-ready for

Ii .Ilyw!

take=ofE,

5

e i
touay-

—
|

-10

-15

-20

-25C

-30

11 _ [ - ]
a —

Item

66 238eq



4%
I
9
[0}
ot
.
(]

APPLEIDIA B

/W DATA

Data arc compiled by tape, and tie tape number is indicated
by a one-digit arabic numeral ran_ing from 1 to & as the first

datuw point of tnhe first line of dat of the tape. Tapes

Iy

nubered 1 throu,n & are ccnsidered "QLD", and tcpes nuubered 5
thirough & are considered "LEW" (see Appenuinx 1L1). Zacu  actua
point vrepreseuts the recorded 1level for the i1tem of interest
relative to the calibratioun tone level preceulny the test. Lacu
datum point 1s a real constant variaple zilocated ¢ string of
decimel digits immcdilctely followed by a decimel point followed
by a one-digit decimal <£fractiomn. Lacli  dotum  point tihus 1is
represented by a five-dijit number (inclucing the decimal point

as a digit).

Thie foruats used for the several tests of the CiP test

battery are as follows:

1. CST: Two lines of 15 daca points each plus ome line of 11U
data points. The first 1line of data commences itad o

one-digit tape identificaztion number. The first catum point



Puge 101

1

reprecernts the value of chanrel 1, iditew 1, vesc 1. Tie

(i

second datum point represents tne value of channel 2, itew 1,

test 1. The next two polnts are associated witi values

M

obtainca for the second itew of test 1 (chanuels 1 and 2
respectively). The last datum point 1s the value of channel

2, item 10, test 2.

LPFS: Six lines of 15 cata points each are followea by one
line of 10 cata points. The first datuw poiut represents tie
recorded level of itcew 1, list 1. The neit point represcnts
the level of itewr 2, 1i1st 1. The last dJatum point of the

last line represents the valuc of 1tem 50, lisc 2.

BF: Ten lines of 15 data points eacn are followeu by cne
line of 10 data points. The first datuw polnt represents tue
recording level of syllable 1, channel 1, item 1, 1list 1.
The second datuw point is associated with syllable 2, channel
1, item 1, list 1. The next two poimts ave consistent with
the first and second syllable respectively of channel 2, item

1, list 1. The next two data points are associatec wiCn

syllables 1 an¢ 2 of channel 1, itew 2, lisc 1. The last

1

X

datuwm point is tue recording level of syllable 2, channel

itew 20, list 2.
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R4aSP: The data are contained in four lines of 15 dcta points
each. The first datum point represents the value associated
with channel 1, item 1, list 1. The neit represents channel
2, itewm 1, list 1. The third datum point represents channel

1, item 2, list 1. The last datum point represents channel

2, item 10, list 3.

The data thus formated are shown 1n Table &l.



1-01.5-02.
-005

-02,

49.
-09.
-11.5-
-05.0-
-10.0-
-12.0-
-05.0-
ﬁl.

-29 5-13. 0
-34,0-37.5-1

OOWQCOOO\J!OOO

O

l—deL;Jl-—'i—'UJbJOI'—'OCJP—‘H!—‘l—'OC‘
1CDI\>CI\U1Y\>U1-L\0'\C:®\OCOI\NOMCJ

M

.

O
«O=
0-
e 5=
.5
.0-
5~
5=
.5=
.-
$ 5=
.0-
.0-
5=
5-
.0-
.=
5-

-03.5-37.5-34 .0~

-12,5-07.5-31.0~2
=02.0-04.5000.5-0
.0-12,5- (J4
.5-0G3.

-05.5-0
-03.5-04.5-03

-U4,5-02,

-04.5-C2.0-

I\JPOIQC\\IHUJCJ

O

~

UOOb‘mor—-ub,n—w—-p—aop—ay—-,—.ocoo

kﬂkﬂ\l\h\l.{,\\ll—*,‘.\C\thr

=
OOOQ\HOOLWUTWOUK{IOWUUWOCLHWOOC)'

OOI-—‘C\OOL-)bJr—'c)LJb)t-r—aLol—'o»-ﬂocb—u—-'n—-c)
O\bCJMO \II.\O(JC'L«)\.HOC“\ICO"O\O\OIr-—‘C_lr\Ji-‘C)

ot
Lﬂ

L] * & L] e &
MU OOULNOOUMOCCULOOUUTULLWLLO C WL LU
1
QOO0 LLOFLFLLWOFLLFOOEEEFEOOOOO

w
|

| 1
OC OO LWLWFHFEFLWLWOFWLWWEREOOFRFRREOO
L ]
|

G N m)obco\n»~ C

I
|
3

!
|

LY =

~
Py
.

LWL ~NoOoOFRENWLNOLEFOOOMNEONNO

UIU'IUTC\.;'IUILHCYCZ'C?U’\GLHU‘IOWC3U1C:"OU'IU'\U1U1

tor

OOOOL-JC,‘.»D—'L:Jb)C)b—‘L\JL-J’—‘Oi—-‘C‘)l—*l—"—'l—'

NN OO W N

2.0-01.0-02.5-02.
1.5-35.0-02.0

06.0-05.0-05.0-11.0-08

3.0-05.5-08.5-C¢S

3.5-00.5-01.5000.6-01.5-01.0- 0/

5-02.0-03.

.G-10.5-CC

2.
J.u.\)x..
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-01.5-01. 5
Ol 5-01.

.0-11.0-08.5-12.0
.0-12.5-12.5

2.0-10.5-10.0-10.5-11.0-12,5-12.5-03.5
2.3-05.5-11.0-12.5-12.0-10.0-11.5-0¢.9
1.0-09.0-10.5-10C. O 11.5-0%9.5-13.5-0¢.5
%.6-16.0-10.5-05.5-09.5-10.,5-12.5-35.5
1.5-11.5-09.5

€.5~-33.0-37.0-11.5-10.5-36.0-56.0-08.5
¢.v-10.0-30.5-33.0-12.5-11.0-34.0-3G.¢C
5.5-0%.5-0%.5-34.5-32,0-07.5-12.5-34.5
1.0-33.5-08.5-05.0-34.0-37.0-22.5-07.0
4.0-37.5-34.0-09.0-00.5-30.0-39.0-07.0
5.06-13.5-27.5-38.0-12.0~-12. 5-;u.0—26.5
6.5-07.0-11.5-33.0-556.5-006. 5=33.5
3.5—37.0—06.0—13.0—34.5—37.0—07.5—05.5
3.0-32.5-351.,0-6C.5-13.5-25.5-34.0-G6.5
7.0-14.0-34.0-32.0-05.5-11.0-306.5-3C.0
4.0-05.0-08.0

4,0-03.5-04.5-04.0-0G5.0-03.0 .5-04.0
5.0-03.0-01.5-¢5.0-03.0-05.0 .5-04.5
5.5-03.5-05.5-03.5-05.0~-04.5 .0-03.0
4,0-05.5-02.0-02.5-05.5~03.C .5-04.5



TABLE El (comntinued)

2000.0-00.5000.0-62.0CC2.06001.000G.5-0G.5001.5601.G001.0-03.00GG. 5~

000.5600.0001.0-02.0000.5-01.5601.50C1.6000.5001.0001
¢03.0001.5-0G.5003.0062.5001.0003.5604.0002.0002.5

-01.5000.0-06.0-01.0-84.0-63.5-01.5-02.0-60.5-02.0-02.
-02.0-00.5-02.5001.0001.5-63.0-G6.5-06.5000.0-01.0-C0.

-04.0-04.0-03.0-05.0-01.0-065.0-01.0-06.0~-02.0~03.5-02

~03.0-03.5-03.5-04.5-02.5~02.5-07 .0-G4 .0=01 . 5-03.0-05.
~02.0-02.0-01.0-03.5~02.0-01.5-01 .0~04.0-02.5-04.0-03.
~03.0-02.0-01.5-01.5-02.0-02.0-02.6-02.6-03.0-02,0-0Z.

-01.0-03.0-63.5-05.0-02.0-05.5000.0-04.5-03.00060.¢
-27.0-32.0001.5-04.5-32.5-25.0~-01.00600.5-25.0-35.0-06

-09,0-27.3-30.5-04.5-01.0-29.0-31.0-02.0-02.5-27.0-35.
000.0-05.5-30.0-34.0-04.5-02.5-530.0-33.0-05.06-02.5-30.

-32.0004.06802.0-30.0-34.0C00.0-06.0-20.0-36.01001.0-02

-32.0-30.0-36.06-01.5-30.06-30.0-01.0-05.0~-34.0-31.50G0.
-01.5-20.5-34.,0002.6-00.5-531.0-29.0-02.0-06.U-33.0G-55.
000.0-12.0-27.5-25.5-01.0-062.0-33.0-53.0v003.6-GZ2.0-33.
-27.0-01.0-05.0-32.5-27.0001.5-02.5-25.5-33.5-01.0-03.
-28.5-34.5-02.0-00.5-52.0-531.5000.5-05.0-256.0-256.0~-01.
-01.0-32.5-31.5601.5~10.0-31.v-29.0002.0-05.0-29.5-30.

-02.06000.06-26.6-32.0002.0-G6.0-33.6-31.5G50.0000.0

007.0011.0010.0604.0605.5802,C0035.5005.0062.00C5.0-Cy
(03.0003.0005.6067 .5606.0011.00603.0007.0665.0005.5607
009.0006 .5005.5007 .0007 .G005.5005.0007 .6-G1.5019.0G06
007.5605.500%.0003.0009.5006.00606.5007.06509.5007.5009

rd
»

01.5-01.0
.5000.5-01.5003.4C0062.0
0-02.5-02.5-01.0-05.5
5-03.5000.0-05.0-06.0
.0-04.5-05.5-04.0-02.0
0-05.5-¢02.5-01.6-02.0
0-04.0-02.0-05.5-01.5
0-02.5-04.6-05.0-03.0
.0-03.0-31.5-32.5000.0
0-UZ2.5-02.5-30.0-33.5
5-20.5-06¢.5-04.5-32.0
«0U-30.0-35.5-15.5000.5
0002.5-55.0-55.0001.0
6-03.0-06.0-23.0-27.0
5-25.5002.5-02.0-2G.5
0-29.5-51.5600.5-05.5
v=-03.5-25.0-53.06602.0
0~04.9-04.0-30.0-256.0
.5008.5005.0010.0005.¢
.5007 .5007 .50006.0000 .5

.5004.5009.0007.00G04.5
.0009.56G5.5685.0Cu3.0



TABLE £l (continued)
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3014.5012.0014.0011.0014.5013.0013.0013.0015.6014.0014.5011.5013.5612.0014.5

014.0013.0613.0014.00153.5016.5614.0012.0013.0012
014.0014.5015.0013.0002.5613.0007.5012.0011.0G07
001.5002.0-05.0000.5-04.0-04.5-01.5-01.5-00G.5-G02
-01.0-01.5-64.6002.5-63.5-02.0-01.5-06.0GCC0.00CO
-04.5-03.5-02.5-05.5-03.0-05.5-6G1 .0~-05.5-04.5-04
-02.0-02.0-04.6-05.0-062.0-03.5-07.6-0G5.5-03.0-05
000.0-04.0004.0000.5002.5G02.G0062.5002.5C003.0-01
001.5004.0004.0004.0004.0063.5G03.5G04.0003.30003

(02.5604,0002.0000.56003.0000.0006.00C0.5002.5002.

-25.5-26.5004.0-03.06-27.0-27.5-02.0060.0-22.0-25
-09.0-24.,5-23.5~05.5-01.0-25.0-29.0000.G0C0.0-28

-02.0-04.0-27.0-25,0-04.5-03.0-27 .0-25.5-07.G-07
-30.00063.0001.,0-27.0-27.5-01.5-03.0-26.5-25.000C3
-27.0-27.06-05.0-02.0~-28.0-25.5-061.0-05.5-25.0~-27
001.0-27,0-27.50C5.0C000.0-27.5-27.5001.6-0G5.0-%3
-61.5-10.0-26.0-27.6002.0-00.5-26.0-29.06G04 .0-01
-26.5000.0-01.5-27.0-25.5001.5-01.0-20.5-27.5002
-25.0~26.5000.06002.5-27.5-27 .5003.0-04.0-25.5-25
002,0-25.0-26.6002.5-06.0-26.0-25,0004.0-04.5-23
-(1.0001.5-25.5-26.5603.5-06.5-26.0-27.06C2.5C03

007.0014.0012.00C2.5005.5016.0011.0010.5012.0013
007.5005.0011.0004.5003.5006.5G11.6011.3G07.0010
011.600$.0008.00106,5010.G007.0008.50106.6013.50G9
005.0011.0007.5008.5009.0008.5611.0610.50607.5010

.0014.0015.5613.0014.06013.5
.0

.6-02.,0-01.5-05.0-02.0-G4.5
.0-01.5-04.0000.0-06.0-07.5
.0-02.5-04.0-05.5-04.5~-02.0
.0-05.5-06.0-03.0-04.0-02.0
.0001.5001.0002.5-01.0003.5
.0004.0003.C0001.0000.35C00.0

Wi

.5-07.0-02.5-2
.0-27.5-02.5-¢C
«0=27.0-26.5-0

~

.0003.u004.,.5-20.5-20.5003.0
.0-26.0-07.5-03.5~-25.0-27.0
.0-26.0~-27.0004.06-01.06-25.0
.0-03.5-27.5-27.5004.0-07.0
.5000.5-03.0-206.5-27.5602.,5
.0-26.0000.5-03.0-25.0-2¢C.5
.0

.5005.0010.5007.0615.5G52 .0
.0010.0014.00G5.5005.5C1G.5
.0010.5012.0012.5005.0007.0
.0013.5010.0012.0C10.G011.0



TABLE E1 (continucd)

fcge

100

4609.0005 .5006 . 0304 . 5004 . 5007 . 5003 .0006 .GG05. 3608 . 5004 . 5005. 0054 .00C2. 5002, 5

005.5065.5005.5604.5005.5C064.06G06.5006.5G07 .0007.5G05
007.5007 .5006.5005.5004.5007.5-01.0005.0-00.5684.0

-(2.5-01.5-G7.5-01.5003.5601.5-00.5-02.5006.5-03.5001
-(3.0-04.5601.0000.0-01.0-02.0-03.6-06.0-02.5-00.5-01
-04.0-65.5-04.5001.0001.5600.5-G2.5-05.0002.5-01.5300
-02.0-04.5-05.G000.0-04.6-04.0-068.0-06.0-03.50C02.5-07.
-03.5-03.5-04.0002.0~- 03.5002.0001.0001.5—u3.J -06.0-04.
-05.0-01.0-6G2,50061.5-03.,9U-03.5-03.5-04.000C.5-04.0001.
002.5-03.5-04.0-06.0001.6-07.0002.0-03.5~- u5 dOlS.u

-26,0-36.0018.5-04.0-25.0-27.5~-01.00006.0-27.0-29.5-03.

016.5-27.0-29.0-04.0-00.5-27.0-30.5011.0011.0-26.0-30.
015.0-04.0-531.0-31. U014 ¢-01.0-27.5-30.0016.501C.5-29.
-30.0-12.0~-03.5-31.5-33.0002.6002,0-50.0-52.00CS.5-01.
-27.5-36.0-63.0-61.0-27.0-27.5012.0-G5.0-25.5-20.5-03.

601.5-31.5-31.5001. O 01.5-27.5-31.5-01.06-07.5-50.0-30.

001.0-01.06-24.0-26.0-01.0-04.0-50.0-30.0003.4GCC1.0-26.
=27.5-01.5-65.0-25.0-27.5601.0-062.5-29.5-32. OuOO ¢000.
-24.0-29.0-03.0-061.0-20.0-31.50609.5-06.0-15.5-25.5-0l.
000.0-27.0-3G.0000.0-10.0-22.5-29.,00600.G6C01.0- 26. =31
-02.0002.0~-29.5-29.5015.00600.0~-30.0-29.0016.5-01.0

w3.0006.5005.5601.0002.0803.506C5.6006.0001.5602.0001.

006.5003.5002.5000.5001.5CG04.0063.0004.5005.0004.0009.
005.5004.0003.0004.0007.G003.5004.0005.5-02.0004.5006.

003.0005.5001.5004.0004.0006 .G001.5004.5504.5006.0006.

.5-03.5002.5-32.
.0001.0001.5-01.
.5-06.0-05.000CC.

.5006.5007.5007.5007

| (o)
OO O CODOm

5-06.0-04.06C00.
5-04.0-03.0-G3
6-03.5-05.5-05

<

O O
|

0 L LY O

5-01.5-31.0-25.5018.
0~ 07 G-01.0-29.0-350.
5-27.5019.5-04.,5-30C.
0- Jl 0-34.0-00.0010.
G662.0-51.0-52.06000.
5-62.0-C5.5-25.0-32.
5-29.5002.6001.5-20.
5-23.0-29.00C1.0-06.
0002.5-30.5-50.00vzZ.
.5-05.5000.0-25,5-2y.,

0003.0601.0GG32.0003
0063.50605.0004.5004
0001.6006.506084.00C7.

5004.00605.5003.500Z.

-
L

O COoOowuwm

v T G Ul O w

.0
.5
5



5001 .0-03.0-63.3-10.0~00.5-02.5~C4.C=03.5
201.5-02.0-03.5-02 .5~04.0-05.0-60.5-01.5-02.0-02.0-03.5-01 .0-05. 5-(2
-02.0-01.0-01.5-G1.0000.0-01
~03.5-01.5-6&.0-02.5-06 . 5-06 . 0— oz.J—oq 0-G2. o 03.5-03.5-04
-04.0-02.5-05.0-01.0-05.0~05.0-02.
-06.0-—05.5—04.5—07.0—03.0—07.5 o:.o -07.5- u5.u 06 .5-Uk . 5-0
.0-06.0-03.5-05.0-07 . G-

-04,5-05.5-05.5-07 .0-0%.

-04,0-106.0-03.0-06.0-G4.0- 04 0= b4 U-06.6-05.0-06.5-05.0-0
-05.5-04. O 04 .0-04.0-04.0-03.5-05.0-04. O 04.5-04.5-G4.0-C
-05.0-07.5-04.0-07.5-02.5-06.
00 0-06.0-30.0-27.5-04.0- UZ.J 27.
0-29.5-31.0~-04.5-G4.,

~04.0-

-04;0202

NS~ o

(S>3 wn 2 «b]

.0-07.0-0G3.

5-3
0-03.5-30.0-
5600.5-063.0
0-26 Z
5-30.5-2¢6.
5-62.0-3
5-G0.5-11. 5
0-31.000C.

001.5005.0004.0-01.5003

.5-02,

.0—31.5—33.5 O6.J 2;.5 59

~

\Z

C>
o
x
C
c>
c
U\

C‘
o
U’1
Lp
.._.
U1
U
C
U
O
3

SCOZ.SUOZ 5UU1.J Cl.UCOG
002,5004.0661.5003.00063.6002.5605.¢002.5601.500C3
004.5004.0002.0002.5003.0001.5001.5G02.0-04.0002.5-30.5003.0006.0004.
005.0003.5000.5000.0004.5602.0005.0605.G003.0004.0005.5002.0004.0001.5

TABLE 21 (continued)

-02.0-04.0-03.0-06.5-0U2.u-u7.5-

.5002.6-03.50C00.000G.C

-G5.0-03.0

C7.5-21.5-32,5-11.0-37.5-2

C
\_]
(.
‘.J
L
C
l‘

\C‘
U

O Ol.

(@]

-0z.5-02.5-0

U\G\\IG\C\I\

5 22.5-35.0-05.0-30.C~

-27.0-32.0-35.,0-04.5-29.0-32.
.0-36.0-06.0-04.5-30.0-31.0- Uu.b 10.0-49.0-29,0-03.5-05.5-32.
30.5-33.0-03.0-07.5-27.5-29.0-00.5-G2.5-29.0-32.5-15.0~-C2.
30.0-63.0-07.5-52.5-50.5-01.50060.5-34.0-3
. 31.0-25.06-063.5-
.5-062,0-03.5-31.5~51.5601.0-04.,0-25,0-32.¢000.5-04.
0-01.5-04.5-51.0-32.5-02.5-05.0-20.5-31

U—u3 C u5 0-26

.5-00.
.5=-32.
.o—-06.5-51.

C_
C

.G001.00C3. LOL04 .
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G
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Uh U
.0-02.5
02.5-57.0
U7.5-CC.5
U6 .C-04.0
03.0-04.¢C
U8 .0-04.0
67.5-CG7.5
31.0-CZ.5
G
5.0~ 0
3.5-01.0
3.0-32,0
0-27.5
5-10.5
5-306.5
5-27.5
-0G.5
olz.5
J002.5
0G.C
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APPEIDIX F

STATISTICLL AHALTCLS

Analyses of variance (ALOVA) vere zuinistered for ceta from
eacii of the four suvtests of the Willeford CAP test battery (C27,
LPTS, BF, anc RASP) using a computer prograi cevelopeu Ly Ullrich
and Pitz whick was Lased ou desiyns elaborateu by Uiner (1371).

The prograw was processed by a LiCsystew—20 computer.

~

Table Fl contains the ALICVA swaacry for the cnalysis reiated
to the CST. This znalysis revealed a significant iateraction of
Test (L = 2) by Item (v = 10) sy <Cuarnnel (4 = 2). This
lnteraction is 1illustrated 1im Figure 1 in tie zain body of tue
text. Although this interaction is signiiicent beyond the 0.0G65
level of significance (see Tavle Fl), the clinical usefuluess of
this interaction rewmains in doubt. Specificezlly, it appears that
test items recorded on Channel 1 cover a sli,utly larger range of
values than those recorded on Channel 2. The test itews for Test
2, Chaunel Z uppear to exhibit u lesser ranse of values cili ony

otlier conditiomn. The nean recordings levels are not siznificzutly

different clinically (less than 2.5 db). cnd .wost or tae test



items are recordec at levels cthat are witiiina 2.0 UL 0F one

e
S 5.25 ¢b.

F

another, and the extreme rause of ciscrepancy
Statiscally significant interactions of Test by Channel, Test oy
Itew, and of Item by Channel also were ceuwonstrated. lowever,
the extreme ranses of tne mean differences zfor eaci of chese

) Do
«J du

(€3]

two-way interactions vere 0.3 ¢h, 2.5 d, and
respectively. These differences are wnot consideree clinically
relevant, siuce curreunt audiometer stanuards (AiLiST, 1969) allow a
2.5 &b error 1in calibration. The <cnange in perriori:ance that
would result from thkese discrepciicies remalns uncertain. Tie
only waln effect that was founc toc uve si nificant was the Iten
effect which would inaicate that some iteuns ure recorded at
significantly Jdiffevent levels than otner ivems. Examination oOf
the data failed to reveal a comsistent jpattern oI toese
recording-level discrepancies, and it has vecn assumed that

during testing, this would become a rancom erfect.
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Table FZ contalans the AHOVA sutmiary for the analyses relateo
to tie LPFS. These analyses revealed ¢ significant List (i = 2)
by Item (Ii = 50) interaction. This result would indiccte taat
the vecording levels of test items varied cs a function of the
list nuwmber (List 1 versus List 2). The Trauge oI rTecoraing,
levels for test items of List 1 was -9.4 oB to -2.5 di (a ran,e
of 6.9 dB). The range of values for the test icei.s of List 2 was
-9.9 dB to U.1 ab (a range of 1G.0 db). Althou,h tie <irfferences
in the recording levels of test 1ltews for eacl. test agppear
significaut beyoud tie 0.00001 level of sigaificance, riie amount
of overlap between the levels of test itews in List 1 ana ticse
of List 2 would =:mezke this statisticzl significcnce of little
clinical use. Thesc znalyses zlso reveal tuat the wein eifect
for Itewm indicate that sowe itcus are recorded at si_niiicantly
different levels than otaer items. .Although tihe range of means
encompases 5 to 10 dB, the clinical relevance of tnis erfect 1is

questionable, sincc lesser ranses would oUe incicctive of

coewpressed speech,



Ttew (I) {Item 1 versus Item 2, ...

LEFS: ALOVA summiary taple.
Group (G) ["OLu" versus "WEW"], List (T) [List 1 versus List 2],

| T=I

2330.7400

13279.36G00C

1.2403
310.1140

1CC.4130
51G.1140

66.7777

063.4210

1313.65G0
959.1040

102.6030
$59.1046

| 2330.74G0
| 2213.3000
[ ——
| 1.2403
| 51.06G57
S
[ 100.4130
| 51.6857
| mmm e
I 23.4404
| 2.9368
l
I
I
|
l
|
I
I
|

» versus Item 507.
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Tuble F3 coutains tie Ali0OVA sunmary for the énalyses relcred
to the BF¥. These analyses reveal a List (ii = ) Ly Itew (i = 20)
by Channel (il = 2) by S8yllable (ii = 2) interaction. This
iuteraction woule then indicate that every factor consicdered
interacts 1n sowe way Wilith cvery other factor. It way be
explained by virtue of the fact that the low-pass filtered items
on one channel were consistently recorded¢ at a hi her level tlan
the high-pass <filtered 1items, aund that tie discrepancy vetween
the hi hi-pass filtered items cnd the low-pass iilterec ite.s was
different for ceacu tape, as well as betweea List 1 and List 2 of
a plven tape. TFurthermore, tue awount of discrepaucy also varieu

-

witi each 1itew. Tor clinicel purposes the aunclyses that appeer
most relevant iuclude the lack of a significent ,roup efrect
indiceting that tae &average recording level was tie sawe [or
"LEU" tapes as it was for "OLD" tepes. In addition, there was no
significant list effect, which way lead one to conclude that the
average recordinz level was the same for List 1 as it was I1or
List 2. By contrast, there were Sipnificaut effects for Itew,
s ;

Channel, Syllaole, List by Ictem, List vy Channel, List oy Item oy

Channel, Item by Syllabie, List by Itew by Syllable, Channel by

S5yllable, Itewm by Cuannel by Sylluble. The signiilcant

erfect siuiply indicates tne oovious: that -4.1 ao 15



FPage l1C

sipnificantly different from -2Z5.1 G, which is to say tnat <che
high—-pass chiannel reccording level is si,nificantiy less thcu tuat

of the low-pass channel. Although & siznificent siuple eifect

-

ve

L

for syllavle is demonstrate ond tie 0.005 level of
significance, tnere 1s only a 1.5 db difference oetween tne first

syllaeble recording level anc that of tine second syllable. Tuis

difference was not taken as clinilcally relcvant.
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BF: ALOVA summary tzable.
Group (G) ["OLD" versus "LEU"], List (T) [List 1 versus List 21,
Item (I) [Item 1 versus Itew 2, ... , versus Item 20], Channel
(C) [Channel 1 versus Channel 2], Syllavle (S) [Syllable 1 versus
Syllable 2].

I SOUKCE | SUIL OF SQUARLS |iiBALl SGULRE| DF  |F-RATIO|  2ROD. |
| G | 2.6281 | .6251 | 1 | 0.001) ¢.974G |
| Lrror | 15056.2G00 | 2505.37G0 | 6 | ! |
|~ | | o = e e |
| T l 2.36323 | 2.3623 | 11 G.0% | u.7850
| Lrror | 155.2140 | 25.36%0 | 5 | | |
= | —mm e f—mmmm e e e e |
| GxT | 13.40706 | 3.4070 | 1 | G.52 | C.5034 |
| Error | 155.214G | 25.3G%0 | 6 | | |
[~ [mm——— - fmmmm |=———— [——~———- [——mm———— l
| I | 879.4G60 | 46,2645 | 19 | 5.39 | 0.0GCO |
| Errox | $595.475C | 7.8550 | 114 | | |
|- | —om oo |——m e |-——-—- |- | -——oem e |
I Gl | 77.3715 | 4.6722 4 19 | 0.52 ] 0.94%6 |
| Error | 395.4750 | 7.3550 | 114 | | |
R | jmmm jm————- [————m—— | == I
| rxI | 591.5740 | 31.1355 | 19 | 2.87 | 0.00C4 |
I Error |  1235.2500 } 10.8356 | 114 | | :
R [——— e | —m— - ——— |-~ et | =——m———=

l GxTx i 35.4592 | 1.0684 | 19 | G.17 | ©.999° |
|  Error [ 1235.2500 | 10.0356 | 114 | : :
R . [mmm e [mm— f = == |

I C [199500.0000 [199960.0000 | 1 |376.35 | 0.00601 |
|  =Zrror | 3136.6200 [ 531.10306 | 6 | } :
T e T | == === |

| GxC | 1423.05G0 | 1428.05G0 | 1] 2,69 1 0.15C5 |
| Error | 3136.6200 | 531.1030 : 6 ! : I
R e Rttt Rl Al R
I T%C | 102.9440 | 102.544C | 1] 1.086 | G.2444 |
|  Error l 372.2320 | 62.0337 ; 6 [ i |

| | i



TALULE F3:

(continued)

Peape 12¢

|  SOURCE  |SUii OF SQUARES |LEEAL SQUARE
/ / /
/ / /
= [ = [
| GxTx | 9.9741 | 9.9741
I Error | 372.2320 | 62.0337
| ———————— |- | —————
| IxC | 1086.7400 | 57.1668
| Error | 9G1.5110 | 7.9030
fmrm e [ o e [ ==
l GxIxC ! 71.6367 | 3.7704
I Error | 901.5110 | 7.9030
R jmm— | ————
| TxIxC | 635.1G5C0 | 56.0621
I Error |  1403.3100 | 12.3097
= ———————— | = [mm—————————
| GuTxIxC | 62.5379 | 3.2941
| Error | 1463.3100 | 12.3057
| e | = | =
l S | 969.5250 |  969.5250
| Brror | 135 .4440 | 23,2406
[ = | ————— | ——————
| G«S | 0.8000 | 0.58C00
| Error | 139.4440 | 23.2406
jm—————————— |- ———— j———————————
| TS | 96.25G3 I 96.250
| Error | 62.5517 | 10.4753
R j———————————— |~ —————
I GxTxS J 4 ,3945 | 4,3945
| Exrrorx | 62.3517 | 10.4753
R | mmm e |—m— e —————
I IxS i 567 .3630 | 45,6770
I Exror | 451.7120 | 3.9624
R et E |——— | =
[ G 1S | 71.3406 I 3.7543
i ETror | 451.7120 | 3.9624
| |

— e mm s e e e s e e — e s . — —— — — —— T — — — —— — —— — — —— —— —— t— —— o W ——
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(continued)
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Table F4 contaius tihe ALOVa suwmary for tae anal ses rclated
to tne RASP. Results from these enclyses reveal tuaat thore is o
significent interaction of List (i = 3) oy Item (i = 10) by
Chenmel (i = 2). This interaction would cppear to indicate that
recoruing levels for test items diifer as a function of Channel
the recording levels of which differ as a ifunction of list.
Ezxawinatiou of the cata reveals a total ran,e of 1wean recording

level wvalues oif -06.0 ¢b to 6.1 di. Thereiore, the lar;est

=F

diiference in this 1uteraction 1s in the order of 6.7 ab, which
may not Dbe comsidered clinicually relevant. In spite of tne
rather small total range of values, the three-way 1lnteraction was
sisnificant Dbeyounu the 0.001 level of signiiicaice. Two-uay

S

5y Itew anu ¢f Itea by Cuannel also cre

'
!

interactions of List
ceisonstrated Dbeyond the 0.0l level of significauce. In neiltuer
case is the mean difference wuonsgst these variables greater than
5 d3, and there is wmuchh overlap 1in tie values. Therefore,
altiouyh statistical analyses reveal significant interactloas
which should alert tie clinician to be aware of inter-relctions
among st these variables during the administratioa of the lists,
the clinical rclevunce of these intcractlions wmay ve Of
questioncble value. In addition, si.nificant main eriects of
he cvifference oeineen uweln

List and Itew are deuonstrated.
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R

recorcin, levels for the tihree lists (acros

w

5 tapes) wes 1053 than

i

1 45 at the extrene. The difference veiwvcen meai. recorcin,

levels for the varicus test items (collapsed across all otaer

variables) was 1less <than 2.5 L. however, ciifereunces uvetween

w

individual items witinin & test anu/or withian a channel were

larjer as discussed 1n tue waln text of tuls report.



versus List

Itew: 10}, Channel (C)

RASP:

Itena

TALLS T4

ALCVA suiwacty teble.
Group (G) ["OLD" versus "WEU"], List (T) [List 1

(1) [Itein 1 versus Icew. 2, ...

oo OF SQUARES JHIBAL SGUALET
= I g a5
561.16%0 561.1690
7971 .4500 1325.5
54.3760 47.13880
36.5074 3.:2150
4.0021 2.00616
36.53574 5.2150
235.04G0 20.5600
162,1230 3.uv023
17.1125 1.5014
1¢2.1230 3.002Z5
165.3840 ©.L36¢
4GS ,1210 3.70602

[Channel 1 versus Cliannel 2]

’

Pase 12z
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{continued)
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