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Abstract—Clinical assessment of the perceptual characteriskey words: hearing disorders, pitch perception, reliability of
tics of tinnitus usually includes an attempt to match the pitch cresults, tinnitus.

tinnitus to a pure tone. A standardized clinical protocol for tin-

nitus pitch matching does not yet exist, and there is a history

unsuccessful attempts to obtain such measures reliably. TINTRODUCTION

present study was designed to evaluate new protocols for ide
tifying the perceived pitch of tinnitus, with the objectives of
reducing testing time and improving test-retest reliability. Twc
protocols (“Octave” and “Binary”) were developed, each of

Tinnitus is the perception of sound that does not
have an acoustic source outside of the head. Most peo-

which was patterned after the testing procedure previous\pIe have experienced tlnnltus_at least as a transient
developed at the Oregon Tinnitus Clinic and used to asse€VeNt: Although prevalence estimates vary, an average
thousands of tinnitus patients. Both protocols use compute€Stimate is that 40-50 million Americans have chronic
automation to conduct testing; the protocols differ according ttinnitus. Of these, 10-12 million seek professional
their specific testing algorithms. Twenty subjects with nonhelp, and 2.5 million are debilitated by their tinnitus
fluctuating tinnitus were each tested over two sessions. Resucondition.

of testing revealed that both protocols could obtain pitct Although there are many causes for tinnitus, the
matches within 20 to 25 min. Reliability of responses was goomost common is noise-induced hearing loss. Tinnitus is,
for some S_ubjeCtS but nOt OtherS, and the Binary pl‘OtOCOl ge\thUS, a common Comp|a|nt among veterans. Accord|ng to
erally provided more reliable results. VA Central Office, Analysis and Statistics Service, over
115,000 veterans with service-connected tinnitus receive
This material is based u i in tinni i ili

Rehabilitation Research ang%nevvg%rgmztri?psoerrt\?ige b()(/:s\éeltgzn:n;\gagrsR ovgr $110’00.0.’000 .per yearin tinnitus dlsablllty Compen_
597-0160). sation. Providing tinnitus management for veterans is
Address all correspondence and requests for reprints to James A. Henry, Pthindered by a lack of standards for both tinnitus assess-
Rehabilitation Research and Development, National Center for Rehabilitativmem and treatment that could otherwise be adopted for

Auditory Research, VA Medical Center (NCRAR), PO Box 1034, Portland, OR X K R .
97207; email: henryj@ohsu.edu. VA application. Our efforts are directed toward providing
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such a standard of care for veterans who have clinicalMETHODS
significant tinnitus.

The present study was designed to address tiSubjects
need for clinical methodology to quantify, accurately =~ Twenty subjects participated in this study, including
and reliably, the phantom sensation of tinnitus. Thi3 females and 17 males, with a mean age of 60.1 y (range,
need was identified in 1982 by the National Academy24—-78; SD, 10.6). Subjects were selected based on hav-
of Sciences (1) who specified several lines of relateing tonal, stable tinnitus, to minimize any variability in
research that were “necessary as a basis for establishthe tinnitus that might confound interpretation of the reli-
a standardized test procedure.” Unfortunately, starability analyses. Seven of the subjects had previous tinni-
dardized test procedures have still not been universaltus-matching experience, and the remaining 13 subjects
adopted. Recently, Tyler (2) wrote, “The quantificationwere naive to any form of tinnitus assessment. Each sub-
of a symptom is fundamental to understanding itd.ect returned for a second experimental session within
mechanisms and treatments. If we can't measure it, w2 Weeks of the first.
cannot study it.” Tyler went on to explain in detail why

it is important to measure tinnitus. The interested reac Subi qd i ic S
er is referred to Tyler, as well as other publication: ubjects were tested in an Acoustic Systems

addressing the value of clinical tinnitus assessmellgmlA double—walled.soun'd bOOth.' The tes.ting equip-
(3,4) ment has been described in detail (7). Briefly, there

‘were four major system components: (1) The main
computer, located in the control room, controlled all
parameters of testing. (2) A laptop computer (Compaq
Concerto), located in the sound booth, provided the
automated-testing interface between the individual
ty of the measures has generally been poor (5) Ibeing tested and the main computer. The notebook
. . . . _computer was enabled for Microsoft Windows for Pen,
particular, there is a lack of studies demonstratini . . o :
reliable pitch matches with a technique that can ballowmg the subject to use a pen-pointing device to
used clinically indicate responses on a touch-sensitive video screen.
We recent'ly reported a prototype system that pe|(3) A custo_m—built, _s_ignal—conditio.ning module was
formed computer-automated tinnitus loudness anused for signal_mixing, attenuation, and earphone
. . . . buffering. (4) Etymotic Research ER-4B Canal
p'j[,::hh trrr:atchmtg t(G)I The f'tCh'matChmt? metSOdftusefPhoneTM insert earphones were used for signal trans-
vn\?ethodeus%r(;)f%ryg\e/ersgg ?/g]ar\gﬁ ﬂﬁ’s C?rrggeon jT_inenritL'duction. Calibration procedures for this equipment
. - . have also been described previously (7).
Clinic. The initial study with the automated system P y (1
documented the feasibility of obtaining reliable tinni-prgcedures
tus loudness and pitch matches with the use of conyitial Evaluation

puter automation. However, testing time ranged fron At the start of the first session, standard audiometric
38 to 79 min to obtain a pitch match. There was, thereeyaluation was performed, including case history, tympa-
fore, large variability in how subjects responded to thtnometry, and measures of hearing sensitivity at
uniform testing protocol, and testing time clearly hacg.25-8 kHz. Instrumentation and procedures for the ini-
to be shortened for this technique to attain clinical utiltjg] evaluation were as described in Fausti et al. (8).

ity. The automated procedure for pitch matching wa:  Matching tinnitus to tones in the contralateral ear is
modified to shorten testing time while maintaininggenerally considered to be less challenging for the tinni-
optimum response reliability. Two versions of thetys patient than ipsilateral matching (7,9). Therefore, one
modified protocol were designed for the present studyear was chosen as the “tinnitus ear” for each subject, and
the “Binary” and “Octave” procedures. Subjects weréthe contralateral ear was chosen as the “test ear.” If one
evaluated over repeated sessions to determine the teear had more predominant tinnitus, that ear was chosen as
retest reliability of pitch matches obtained with thestthe tinnitus ear. If the subject had symmetrical tinnitus,
protocols. the tinnitus ear was chosen randomly.

Equipment

At clinics where tinnitus measurement is con
ducted, there is almost universally an attempt to dete
mine the tinnitus pitch with the use of some variatior
of a tone-matching procedure. Many methods for tin
nitus pitch matching have been reported, but reliabili
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Experimental Protocols response buttons appearé&dglre 1(b)). Subjects were
The entire testing protocol was under computer corthus required to listen to both tones before making a
trol, including instructions for responding, and all testincresponse choice.
was repeated at a second session. For the pitch-matching task, the lower frequency
Instructions to Subjects tone was presented first, followed by the higher fre-
There were three interleaved response tasks for tiquency tone and the subject was instructed to choose the
testing protocols: threshold testing, loudness matchintone that was closest to his/her tinnitus pitch. In gener-
and pitch matching. Instructions for responding were dis@l. if the higher frequency tone was chosen, the program
played on the patient’s video screen each time the tamoved to a higher test frequency, while selection of the
changed. The instruction screen for threshold testing wdower frequency tone moved the program to a lower

shown previously (10), as was the instruction screen fdrequency.

tinnitus loudness matching (7). The instruction screen fc
pitch matching is shown iRigure 1(a).

Test Frequencies

Available test frequencies for the pitch-matching
tasks were in the range 0.5-16 kHz, each separated
one-third octave. For both pitch-matching protocols
automated hearing thresholds were obtained, followed t
loudness matching, at each frequency that was used 1
pitch matching (not all test frequencies were used fc
pitch matching).

Common Procedures for Pitch Matching

The basic testing algorithm was designed to repli
cate closely the clinical testing protocol for tinnitus pitch
matching as described by Vernon (11). Hearing thresho
evaluation, tinnitus loudness matching and tinnitus pitcl
matching were sequenced to ensure that pitch-matchii
tones were presented only at levels that were previous
matched to the tinnitus loudness. For each of the tw
pitch-match protocols, an adaptive two-alternative force
choice (2AFC) procedure was used to determine the fr
guency of a pure tone that subjects identified as closest
their perceived tinnitus pitch (11,12). For each tone pai
tones were presented consecutively for 4 s each with
intertone interval of 1 s.

The automated program sequenced through the te
frequencies in order of increasing or decreasing fre
guency, dependent upon the responses of the subje
Pitch matching did not occur until thresholds and loud
ness matches had been obtained at the first two test fi
guencies. At that time, pitch-matching instructions
appeared on the screeRidqure 1(a)) and the subject
selected “Go” when the instructions were read an
understood. The computer screen then showed th
tones were being presented during pitch matching, i.e

When the final pitch match had been selected, the

computer program entered a special loop to test for
“octave confusion,” a common mistake that tinnitus

(1)

Twwwum Pach-Much

1. You will hear teoe kones, one after the othes, each Rsting
wmawral apconds

2. Decide which tone spands chossst in pich to your Bnnibas.
3. Toumchi the boa which ndicabes youm response choloe.
4. Hyou understarnd, fowch "Go’.

5. To spaak with the asdiologist, touch Helg™

Go

H'E"IJI

(b)

T s Pl obiadod o

Choose the lone thal sounded closest In plbch fo yous tine s,

Tana 3

=1

| Rapaat

Hedp

“Tone 1" appeared on the screen during the presentati(,:igures 1

of the first tone and “Tone.2" during_ thg presentation Oscreen displays (on notebook computer of subject) for tinnitus pitch
the second tone. Following termination of Tone 2matching;(a)) instructionsyb)) response screen.
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patients make during pitch matching, described bMovement to new frequencies was then in octave steps,
Vernon and Fenwick (12). Octave confusion was checkeand the computer further bracketed the pitch match to
at the frequency one octave higher than the final pitctwithin an octave. When this had been done, testing pro-
matched frequency, then at the frequency one octaceeded as with the Octave protocol, i.e., through the
lower (only if these test frequencies were available)bracketed-frequency range to determine the pitch
When the program switched to these octave frequenciematch with a resolution of one-third octave, followed
the threshold and loudness match were obtained (if théoy octave-confusion testing.

had not been already), and pitch matching occurred wit

the use of the two frequencies separated by one octave

Pretesting Evaluation to Determine Subjects’
Understanding of Pitch and Loudness

Before testing with the automated system, subject
received pretesting to confirm their understanding of th
concepts of pitch and loudness, and training regardir
these concepts if there was confusion. The pretesting pr

RESULTS

For each of the two procedures, one pitch match was
obtained during each of two sessions. All pitch matches
are shown infable 1, with the across-subjects means of
the pitch matches displayed in the bottom row of the
tocol is shown in the Appendix. table. I_Dair(?d t-tests were calculated to _evaluate if there

were significant differences across sessions between the
“Octave” Procedure _ o mean pitch matches for each procedure. The t-tests

The computer algorithms for obtaining sequenceyeyealed that the means of the Binary procedure did not
thres_holds and loudness matches have been descrityjffer significantly (p=0.2952), while the means of the
previously (7). For the Octave procedure, thresholdgciaye procedure were significantly  different
and loudness matches were first obtained at 1 kHz, th‘(pzo.0198). Thus, for the group of subjects, the mean

at 1.26 kHz. Pitch matching, with the use of the 2AFCyjtch matches between Sessions 1 and 2 were significant-
procedure, was then done with the Ioudness—matchqy different only for the Octave procedure.
tones from each of the first two test frequencies. If th 14 eyaluate within-subject reliability of responses,
higher frequency tone was chosen as closest in pitch e calculated differences between individual Session 1
the subject’s tinnitus, the computer then obtained and Session 2 pitch matches for each procediaield
threshold and loudness match at the next higher octap). For the Binary procedure, the Session 1 pitch match
(2 kHz) and at 2.52 kHz. With each 2AFC selection Owgas subtracted from the Session 2 pitch match, and the
the higher of two test frequencies, the computer went imean of these differences was 742 Hz. When the same
the next higher octave frequency and repeated this prcajculations were made for the Octave procedure, the
cedure. The 2AFC selection of the lower frequency of mean of the differences was 2394 Hz. Thus, for both
tone pair indicated that the pitch match had been bl’anrocedure51 there appeared to be a trend for pitch
eted to within the octave below the pair. At that pointmatches to be higher in frequency during the second
the computer conducted the same protocol through ttsession.
bracketed frequency range, from lower to higher fre  The directionality of the individual differences,
quencies, to determine a pitch match to the closest onhowever, was random between subjects; thus, the trend
third octave frequency. This was followed bywas not significant. To determine the magnitude of these
octave-confusion testing. differences, disregarding directionality, the absolute val-
“Binary” Procedure ues of the differences were calculatd@lle 3). The
With the Binary procedure, the computer startecneans of the absolute values of the differences were 2246
testing at 3.18 kHz. A threshold and loudness matcHz for the Binary procedure, and 3247 Hz for the Octave
was obtained at 3.18 kHz, followed by a threshold anprocedure. Thus, the magnitude of the differences was, on
loudness match at 4 kHz. Pitch matching, with the usaverage, larger for the Octave procedure, but the differ-
of the 2AFC procedure, was then done, and the freence between the two means was not significant (paired
quency choice determined whether further testint-test, p=0.3282).
would occur below 3.18 kHz or above 4 kHz. Thus, the Pearson product-moment correlation coefficients
initial frequency choice resulted in binary bracketingwere calculated between the Session 1 and Session 2
either to the lower or to the upper frequency rangepitch matches for each procedure. The Pearswmas
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Table 1. Table 2.
Tinnitus pitch matches for each subject. Individual differences in pitch matches between sessions.
Pitch Match (Hz) Pitch Match Difference (Hz), Session 2
Binary Procedure Octave Procedure minus Session 1
Subject  Session 1 Session z Session 1 Session 2 Subject Binary Octave
1 620 3,180 1,000 2,520 ; iggg ;gig
2 5,040 6,340 4,000 6,340 3 ’940 —’960
3 1,580 2,520 1,580 620 4 1,900 1500
4 2,000 800 2,000 500 5 ' 0 3 ’160
5 3,180 3,180 3,180 6,340 6 2520 2 520
6 2,520 5,040 2,520 5,040 7 1’300 —4,820
7 5,040 6,340 8,000 3,180 8 2’080 3’740
8 8,000 10,080 6,340 10,080 9 3’300 5’920
9 12,700 16,000 10,080 16,000 10 2‘960 1’660
10 5,040 8,000 6,340 8,000 1 —51840 ’ 0
11 6,340 500 500 500 12 81700 3.000
12 4,000 12,700 1,000 4,000 13 ' 0 ' 0
13 16,000 16,000 16,000 16,000 14 _5 040 0
14 10,080 5,040 10,080 10,080 15 ' 0 820
15 5,040 5,040 3,180 4,000 16 0 10.700
16 12,700 12,700 2,000 12,700 17 ~1.300 11’ 440
17 6,340 5,040 1,260 12,700 18 11660 ' 0
18 6,340 8,000 8,000 8,000 19 —1, 660 ~1.260
19 8,000 6,340 2,520 1,260 20 2,560 9’580
20 620 3,180 500 10,080 ’ !
Mean 6,059 6,801 4,504 6,898 Mean 742 2,394

0.757 (20.0001) for the Binary procedure, and 0.58¢ly peaked than normal (indicating more data in the cen-
(p=0.0053) for the Octave procedure. tral part of the distribution), while the Octave differences
To provide an overall perspective of response reliawere more normally distributed.
bility for both procedures, distributions of the between: Reliability of the responses can also be depicted as
sessions pitch-match differences are showhigure 2. confidence intervalslable 4 shows confidence intervals
For this analysis, the test frequencies, in Hz, were cowith the percentages of the numbers of differences falling
verted to theifrequency positionn ascending order so within each specified interval. For example, 30 percent of
that differences between frequencies would be spacthe intersession differences were within (plus or minus)
logarithmically, roughly equivalent to their relative spac-one-third octave for the Binary procedure (20 percent for
ing on the basilar membrane. The shapes of the distribthe Octave procedure). Seventy percent of the differences
tions can be described by their coefficients of skewneswere within one octave for the Binary procedure (50 per-
and kurtosis. Skewness wa$.807 and 0.597, and kur- cent for Octave).
tosis was 2.267 and 0.161 for the Binary and Octave prt Testing time was recorded for each procedure. The
cedures, respectively. Thus, the distribution of theOctave procedure required an average of 24 min and 20 min
differences with the Binary procedure was negativelfor Sessions 1 and 2, respectively. The Binary procedure
skewed, indicating that the negative differences (reflecrequired an average of 24 min and 25 min, respectively.
ing pitch matches becoming higher in frequency durin
Session 2) were greater than the positive difference

(pitch matches becoming lower in frequency). DISCUSSION
In contrast, the distribution for the Octave procedurt
was positively skewed. The kurtosis values are scaled This study follows a previous investigation that

that a value of zero indicates a normal distribution. Thdemonstrated repeatable tinnitus pitch matches with the
distribution for the Binary differences was more positive-use of our computer-automated system (6). The previous
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Table 3.
Absolute values of individual differences in pitch matches 12
between sessions. 10 f
Absolute_VaIue of Pitch Match g —
Difference (Hz), E 6 [
Session 2 minus Session 1 o =
Subject Binary Octave E ;
1 2,560 1,520 ﬁ 0
2 1,300 2,340 c
3 940 960 . =2 =
4 1,200 1,500 zZ 4
5 0 3,160 @ g
6 2,520 2,520 o
7 1,300 4,820 o -B )
8 2,080 3,740 D Binary
9 3,300 5,920 G _q
10 2,960 1,660 RE
1 5,840 0 = 12 —
12 8,700 3,000 D -‘H:| _
13 0 0 =
14 5,040 0 S 0 e—
15 0 820 ‘ﬁ 6 ~—
16 0 10,700 O 4
17 1,300 11,440 o 2 E
18 1,660 0 'y
19 1,660 1,260 = D e e
20 2,560 9,580 Q 927
= ="
Mean 2,246 3,247 E‘ -4 EIEEECSmI
o -0 —
-8 ]
and present investigations each used adaptations of 1 -40 Octave
manual tinnitus-matching procedure that has receive 192 |
extensive use at the Oregon Tinnitus Clinic (13,14). In th
previous study, the computer-automated protocol we 0 1 . 3 4 5

designed to replicate the testing procedure used with tl

manual method. The starting test frequency was 1 kHz, al Number of Occurrences

testing proceeded in ascending 1-kHz frequency steps

approach gradually the frequency of a tone that most closFigure 2.

ly matched the perceived tinnitus frequency of the patienDi_stributior_]s of differences in pitch matches between sessions._ _For

Such a procedure can be tedious to arrive at a pitch mat"'s 2nalysis, each test frequency was coded as a *frequency position,”

. i.e., position 1 represents 500 Hz, position 2 represents 820 Hz, etc.

that most often occurs in the 4-8 kHz frequency rang

(15-17). Testing in the previous study required up t

79 min, which would not be too unexpected for a slov

responder with a very high tinnitus frequency. nitus pitch to within a quartile of the test-frequency
To increase the speed of arriving at a pitch matctrange. Results of this study revealed that the Binary pro-

we evaluated two new pitch-match procedures in the prcedure generally provided more reliable between-session

sent study. With the “Octave” procedure, matching tonepitch matches than the Octave procedure. Collapsing

started at 1 kHz, but then progressed in octave intervzacross both sessions, the overall average time to obtain a

to bracket the tinnitus pitch. The “Binary” procedurepitch match with the Octave procedure was 25 min, and

started at a middle audiometric frequency (3.18 kHz), an22 min for the Binary procedure. Clinically, this time dif-

the order of frequencies was designed to bracket the tiference would not be considered significant.
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Table 4.
Confidence intervals for between-sessions differences in tinnitus pitch matches.

Interval (re: frequency position) in
Which Between-Sessions Pitch-Match

Differences Occurred Percent of Differences*

From To Frequency range Binary protocol Octave protocol

-1 1 + 1/3 octave 30 20

-2 2 + 2/3 octave 55 30

-3 3 + 1 octave 70 50

-4 4 + 1 1/3 octave 80 70

-5 5 + 1 2/3 octave 80 75
-10 10 + 3 1/3 octave 95 95
-15 15 + 5 octave 100 100

* Each 5% represents one subject.

Individual Differences in Pitch-Matching Ability implemented for this investigation. The protocol tested
Matching the pitch of tinnitus might appear to be ethe ability of a subject to differentiate between “louder”
straightforward task that should be accomplished easiland “softer” tones, and between “higher” and “lower
Studies that have obtained repeated pitch matches, hopitched” tones. If the subject had difficulty making these
ever, have shown that it is extremely difficult to obtaindiscriminations, the protocol also provided a minimum
good reliability of responses (5). In general, pitch matchof training.
es for tinnitus are not as reliable as loudness matches, ¢ The pretesting protocol was conducted just before
individuals vary greatly in their ability to match their tin- each subject’s first evaluation with the automated system.
nitus pitch. There can be large differences betweeEvery subject was able to respond correctly to the pretest-
“musical” versus“nonmusical” subjects in their initial ing tasks, and most subjects responded correctly the first
ability to make frequency discriminations (18). Thustime each task was presented. Only a few had difficulty,
individuals with musical training or who work in and upon reinstruction, they were able to perform the
acoustics generally have more natural pitch-matchintasks with accuracy. The pretesting protocol confirmed
ability, while naive listeners can have difficulty differen-that patients understood the difference between pitch and
tiating the higher pitched of two tones (19). For thosdoudness and that they could differentiate higher pitched
who are untrained, however, their inability can improvetones from lower pitched tones, and louder tones from
with practice, and even supposedly “tone deaf” individusofter tones. This is important when performing tinnitus
als can perform good frequency discrimination withmatching because accurate responding requires an under-
enough practice. standing of these concepts. We are currently developing
New patients are also likely to be unfamiliar withthe pretesting as an automated program that will be pre-
tinnitus evaluation techniques and terminology, whictsented by computer before testing with the automated
could cause them to respond inappropriately, especialtechnique.
during the initial phases of the automated program. | There is the further concern of patients with signifi-
particular, if patients confuse the terms “loudness” ancant hearing loss who may have reduced frequency-
“pitch,” they will not be capable of performing tinnitus resolving ability. Clearly, such individuals may be limited
loudness and pitch matching (14). Because of the practiin their ability to make reliable frequency judgments about
effect for some individuals and the potential confusiortheir tinnitus pitch, even with training. Anecdotally, we
regarding testing terminology, it is critical to provide tin-have encountered patients for whom all frequencies above
nitus patients with tone discrimination practice beforea certain value (e.g., 3 kHz) sound similar. It will therefore
conducting tinnitus matching. be necessary in the future to devise a means of determin-
For this concern to be addressed, a pretesting pring at which frequencies a patient can make frequency dis-
cedure, shown in the Appendix, was developed ancriminations, and to limit testing to those frequencies.
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Tinnitus Pitch-Match Reliability standardized clinical method for obtaining such measure-
Obtaining reliable tinnitus pitch matches has been ments reliably.
vexing problem for decades (5). The majority of thes: Most previous tinnitus pitch-match protocols have
studies have reported between-sessions pitch matctrelied on an upward progression of test frequencies to
that were highly variable, and only one study has doclapproach the tinnitus frequency gradually. This can be a
mented reliable pitch matches within sessions (20). Thetedious process, and thus far, reliability of pitch matches
historically consistent findings raise the concern that iobtained with such methodology has not been demon-
studies report tinnitus pitch matches without repeatestrated. The present experiment was designed to shorten
measurements, the accuracy of the single measuremetesting time by using larger steps to bracket initially the
must be questioned. tinnitus frequency to a specific range. We then used
According to questionnaire responses from a largsmaller frequency steps within the identified range to
population of tinnitus patients, the sound quality of tinni-determine the more precise tinnitus frequency. Results of
tus varied for about one-third of the patients (21)this testing provided further validation that computer
Variations over time, concerning pitch, timbre, or loud-automation can be an efficient means of performing tin-
ness of tinnitus, thus present additional sources of unrenitus matching.
ability. Some patients describe multiple tinnitus sounds ¢ Although this methodology has shortened testing
which one of the sounds must be identified as the prd¢ime considerably from our previous investigation (6),
dominant sound for tone matching. Such individuals mafurther work is needed to design protocols that can be
have difficulty “remembering” their predominant tinnitus conducted even more rapidly. Also, there is need for fur-
sound for repeated tone matching. ther improvement in pitch-match reliability for this
Patients with tinnitus that varies or that has multitechnique to offer utility for routine clinical application.
ple components will present the greatest challenges Table 4 shows confidence intervals for the intersession
obtaining reliable matches. If the tone matches shodifferences with each method. For the Binary and
variability, that variability must reflect a true change inOctave procedures, respectively, 70 percent and 50 per-
the patient’s perception of their tinnitus. A tool thatcent of the intersession differences in pitch matches
could actually reflect such perceptual changes would koccurred within one octave. A reasonable goal would be
invaluable for a range of clinical and research purposeto achieve approximately 95 percent of intersession dif-
(2). However, current methods of tinnitus assessmeiferences within one octave. Refinement efforts will,
have not reached the level of achieving reliable pitcltherefore, target shorter testing time and improve relia-
matches, even when the patient’s tinnitus does not flubility of responses. Accomplishment of these goals
tuate. Therefore, the first step in developing a reliablcould result in standardization of tinnitus evaluation
pitch match procedure will require documentation oftechniques that would ultimately improve hearing
reliability with patients who have stable tinnitus. Thehealth-care services.
technique could then be used to measure actual tinnit

fluctuations.
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APPENDIX

PRETESTING EVALUATION TO DETERMINE PATIENTS’
UNDERSTANDING OF “LOUDNESS” AND “PITCH”

Hearing Thresholds Pitch

1. Instruct subject for threshold testigiu will hear soft  10. Instruct subject to choose the “higher pitched” tone of
beeping tones. Raise your hand when you hear a ton  each pair of tonesvou will hear two tones, one fol-
2. Obtain hearing thresholds at 1000, 1260, and 4000 + Ion{eﬁ tby the Othtf]r' ,‘;\]ftehr you h?[arr] b?ttT] totnes, tell me

(to closest 5 dB). which tone was the higher in pitch of the two.

11. Present 1000 Hz tone at 10 dB SL, followed by
Loudness 4000 Hz tone at 10 dB SL. Log choice of the subject.

3. Instruct subject to choose the louder of each pair (1 |nstruct subjectListen to two tones again, and
tones:You will hear two tones, one followed by the  choose the higher pitched of the two.

other. After you hear both tones, tell me which ton:
was the louder of the two. 13. Repeat Step 11, except reverse the order of presenta-

tion, i.e., 4000 Hz followed by 1000 Hz. Log choice
4. Present 1000-Hz tone at 10 dB SL, followed by  of the subject.

1000-Hz tone at 20 dB SL. Log choice of the subject .
14. If subject chose correctly for each of the two tone

5. Instruct subjectListen to two tones again, and pairs, repeat Steps 11-13, except use 1260 Hz instead
choose the louder of the two. of 4000 Hz.

6. Repeat Step 3, except reverse the order of presenis | supject chose correctly for all presentations, log
tion, i.e., 20 dB SL followed by 10 dB SL. Log choice g pject as “understands pitch.”

of the subject. _ _ .
16. If subject chose incorrectly for any presentations, ask

the subjectls it clear to you how to tell whether one
sound is higher in pitch than anotf?e

7. If subject chose correctly for each of the two tone
pairs, log subject as “understands loudness.”

8. If subject choses incorrectly for at least one of the firs 5 |t ihe subject responds that it is clear, retest as nec-
two presentations, ask the subjdstit clear to you essary for Steps 11-14.

how to tell whether one sound is louder than another _
b. If subject reports that he/she doesn’t understand

a. If the subject responds that it is clear, retest as fi “pitch,” instruct: The pitch of a sound refers to

Steps 4-6. whether it is a low sound (such as a man’s voice)
b. If subject reports that he or she doesn’t understar or a high sound (such as a woman'’s vaicé)en
“loudness,” instructA louder tone pushes harder retest as necessary for Steps 11-14.

on your eardrum than a softer tone. For example17_ |t subject does not respond correctly for three total

a jet engine is louder than a whisper. Think abou resentations (i.e., 3 times Steps 11-14), subject is
making your radio louder by turning up the vol- logged as “doesn’t understand pitch.”
ume.Then retest as for Steps 4-6.

9. If subject does not respond correctly for three tote
presentations (i.e., three times Steps 4-6), subject Submitted for publication November 2, 2000. Accepted
logged as “doesn’t understand loudness.” in revised form December 15, 2000.
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