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The ability to identify and reproduce sounds of specific frequencies is remarkable and uncommon.
The etiology and defining characteristics of this skill, absolute pitch~AP!, have been very
controversial. One theory suggests that AP requires a specific type of early musical training and that
the ability to encode and remember tones depends on these learned musical associations. An
alternate theory argues that AP may be strongly dependent on hereditary factors and relatively
independent of musical experience. To date, it has been difficult to test these hypotheses because all
previous paradigms for identifying AP have required subjects to employ knowledge of musical
nomenclature. As such, these tests are insensitive to the possibility of discovering AP in either
nonmusicians or musicians of non-Western training. Based on previous literature in pitch memory,
a paradigm is presented that is intended to distinguish between AP possessors and nonpossessors
independent of the subjects’ musical experience. The efficacy of this method is then tested with 20
classically defined AP possessors and 22 nonpossessors. Data from these groups strongly support the
validity of the paradigm. The use of a nonmusical paradigm to identify AP may facilitate research
into many aspects of this phenomenon. ©2004 Acoustical Society of America.
@DOI: 10.1121/1.1758973#
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I. INTRODUCTION

Most individuals perceive melodic sequences witho
being able to identify absolutely the notes involved. For e
ample, most people could recognize Beethoven’s Fifth Sy
phony but would not know that the first note is a ‘‘G.’’ Thi
example illustrates that the perception of tonal sequence
generally dependent on the ability to recognize the relati
ships between notes, rather than on recognizing the e
frequency of each note. When further refined, this skill—
ability to identify or produce musical intervals accurately—
referred to as ‘‘relative pitch’’~RP!.

A small subset of the population is also capable
quickly and accurately labeling tonal stimuli on the basis
their fundamental frequencies~without the use of a referenc
tone!. This skill is generally referred to as ‘‘absolute pitch
~AP!, or, colloquially, as ‘‘perfect pitch.’’ This phenomeno
has been of interest to musicians and scientists alike
many years, in large part because of the musical advant
it may endow. For example, it may be easier for AP posse
ors to transcribe or remember a piece of music because
can directly identify each of the notes that are played. Si
larly, it may be easier for them to sight-sing difficult pa
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sages by producing each note individually rather than try
to tune challenging intervals. AP possessors may also be
ited in several important ways. Strict adherence to the ab
lute frequencies of tones as found in the equal-tempe
scale could hinder a possessor’s ability to remain in tu
with a choir that drifts flat or to maintain proper intonatio
on intervals that differ from equal temperament. There
also reports of AP musicians who find that their sense
pitch shifts as they grow older, possibly due to changes in
elasticity of the basilar membrane.1,2

A central point of controversy in the study of AP ha
been the relative roles of heredity and early musical exp
ence. While a parsimonious approach might allow that b
genetic and epigenetic factors are involved, few authors
the field have adopted such a moderate stance. Early mo
of AP suggested that ‘‘true’’ AP is a genetically determin
trait3,4 and several recent papers have provided convinc
evidence that AP has a genetic component.2,5–7Other models
of absolute pitch have argued that AP results from ea
learning experiences.8–11 These models generally propos
that early in life some individuals memorize the exact fr
quency of each note in the musical scale, either conscio
or unconsciously, resulting in absolute pitch abilities. In
rect evidence in support of this theory is drawn from t
1793793/7/$20.00 © 2004 Acoustical Society of America
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finding that all reported AP individuals possess extens
early musical training,4,11 and that the degree of AP tends
correlate with years of musical training.9 However, the data
supporting this theory are problematic since AP testing me
ods have been biased towards identifying individuals w
possess musical training. Specifically, most paradigms h
employed a labeling technique in which subjects are playe
series of musical tones and are asked to name the note
cording to the Western musical scale. Performance on su
test is predicated on a basic level of musical expertise an
therefore insensitive to the possibility of discovering AP
either a nonmusician or a musician of non-Western traini
As such, there is no convincing evidence that only musici
possess AP.12

The goal of the present study was to develop a parad
that could distinguish between AP possessors and non
sessors without requiring subjects to have knowledge of~or
at least without requiring subjects to use! conventional mu-
sical nomenclature. The paradigm that we developed for
purpose resembles one used by Siegel,13 in which she asked
AP possessors and nonpossessors to make same/diff
judgments about a target stimulus following a series of in
fering tones. We refined Siegel’s design so as to present
jects a target stimulus followed either by a silent interstim
lus interval ~ISI! or one filled with interfering tones, afte
which the subjects were asked to reproduce the original t
by adjusting the knob of a sine function generator. We
pected that both groups would perform this task with relat
accuracy after a silent ISI. In contrast, a significant body
literature indicates that passive exposure to as few as fou
seven interfering tones should be sufficient to destroy co
pletely a non-AP subject’s memory for the target14–17

whereas AP subjects should remain accurate.13,18,19Thus, we
expected that this paradigm would be able to distinguish
curately between AP and NAP individuals.

Importantly, this paradigm does not require subjects
make use of any musical knowledge or training: subjects
never asked to name musical notes nor are they aske
produce musical notes by name. As discussed by Siegel
do not deny the possibility that a subjectcould apply cat-
egorical labels to the target stimuli in order to maintain re
resentations of them. However, it is important to emphas
that this task focuses strictly on the ability of subjects
encode durable long-term representations of target stim
The extent to which this skill overlaps with the ability t
name notes~and thus corresponds to classically defin
‘‘perfect pitch’’! will be a point of great interest.

II. EXPERIMENT 1

A. Method

1. Participants

At this time, because we were strictly interested in te
ing the validity of our paradigm, only experienced musicia
were included~i.e., individuals who could easily be classifie
as AP possessors or nonpossessors using standard met!.
Nine musicians participated in the original version of th
experiment~3 AP, 6 NAP! and 33 subjects~17 AP, 16 NAP!
took part in an abbreviated version. The 20 AP posses
1794 J. Acoust. Soc. Am., Vol. 116, No. 3, September 2004
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~10 male! had an average age of 23.167.6 and an average o
17.268.0 years of performance on their primary instrume
The 22 NAP subjects had an average age of 21.565.5 and an
average of 11.066.5 years experience playing their prima
instrument.

2. Screening for note naming ability

The following test was used to verify the claims of su
jects who reported to possess AP. The method is simila
those used by Baharlooet al.5 and Gregersenet al. ~personal
communication!. We used a predefined criterion of 80% a
curacy to qualify a subject as an AP possessor.

The test required subjects to orally name 60 musi
notes. The tones were presented in six blocks of ten n
each. Between blocks, subjects were allowed to rest fo
long as desired. Notes were pseudo-randomly selected
replacement from within the range of C2–C7~65.4–2093.0
Hz! such that no consecutive notes were within nine wh
steps of each other and no note values repeated within
five-note span. All stimuli had a duration of 500 ms with a
interstimulus interval of 2100 ms. Subjects were asked
label orally the musical note name~without regard to octave!
of each stimulus~e.g., ‘‘F’’ or ‘‘B b’’ ! during the interstimulus
interval. Responses were manually recorded by the exp
menter and equivalent enharmonic labels were accepte
correct~e.g., ‘‘Gb’’ vs. ‘‘F #’’ !. The test was administered us
ing PsyScope 1.2.1 with a script that was identical for
subjects. To minimize the success of skilled RP musicia
subjects were not given a reference tone and at no time
ing the experiment was any sort of feedback provided.

The first 30 stimuli consisted of sinusoidal tones. T
notes were generated using the ‘‘tone generator’’ function
SoundEditII ~SEII! for the Macintosh. Frequency value
were based on the equal-tempered scale with A45440 Hz.
The next 30 stimuli consisted of piano tones. The tones w
generated using a Roland JV-50 synthesizer. In order to c
trol for note duration and envelope the tones were recor
directly into SEII from a Finale ’98 file. Fundamental fre
quency values were again based on an equal-tempered
with A45440 Hz.

Data were scored in terms of percent accuracy. Accur
was measured for each subject as the proportion of the
stimuli that received correct responses~i.e., omitted notes
were considered incorrect!.

Twenty subjects qualified as AP possessors, perform
with an average of 91%67% accuracy~range: 80%–100%;
chance58%). Eighteen subjects claiming not to possess
performed at 9%66% ~range: 2%–20%!.20

3. Stimuli and procedure

Subjects were played a tone followed by a silent inter
of varying length~either 2, 8, or 32 s!. At the end of the ISI
a nontonal auditory click~similar to the striking of wooden
block; duration;100 ms! was sounded, indicating that pa
ticipants should reproduce the original target frequency
adjusting the knob of a digital sine-wave function genera
Subjects were explicitly instructed that they should try
match both the chroma and octave but that chroma was m
Ross et al.: A nonmusical test for absolute pitch
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important ~i.e., that it was better to reproduce the chrom
accurately in the wrong octave then to get the octave cor
but lose the exact chroma!. Before each stimulus, the func
tion generator was reset to a frequency of 1000 Hz. Subj
indicated successful completion of the task either orally
by tapping their finger on the top of the function generat
The experimenter recorded the participants’ responses m
ally and was not aware of the correct frequency values.

Ten target tones were played for each condition in
fixed order~2s, 8s, 32s, 2s,...!. The target stimuli consisted o
pure tones generated using the frequency generator fun
of SoundEditII ~SEII! for the Macintosh. Targets were se
lected from a set of 120 possible tones. Sixty tones w
notes from the Western, equal-tempered scale (A45440),
ranging from C2 to B6~65.4 to 1975.5 Hz!. A second set of
60 tones was then generated by deliberately mistuning
original notes upwards by a variable amount~ranging from
20 to 80 cents!. The unfamiliar tones had a frequency ran
from 66.4 to 2060.6 Hz. Tones were presented binaurally
a duration of 300 ms. Within each experiment, targets w
pseudo-randomly selected, with replacement, so as to inc
an equal number of familiar and unfamiliar tones from ea
octave. Consecutive target tones were never within a
step~or octave6 1 half step! of each other.

An identical computer script was used for each part
pant. To prevent visual monitoring of the function genera
participants were blindfolded during the performance of
tasks. Individuals were not given feedback on their perf
mance until the completion of all tasks and at no time wa
reference tone provided.

In the abbreviated version of the experiment, subje
were presented eight tones each for 2-, 8-, and 16-s ISI’s
targets were drawn from between C3 and B6. All other
rameters were the same.

4. Data processing

Because we were primarily interested in the encoding
chroma and sought to avoid the confounding influence
octave errors, subjects were instructed that reproducing
chroma exactly should be their priority. Accordingly, ea
response was corrected to the nearest octave. This corre
is consistent both with the majority of AP studies2,13,19,21–23

and with physiological evidence supporting the concept
octave equivalence.24–27 This manipulation is unlikely to
confound group differences given the substantial body of
erature that fails to find differences between AP posses
and nonpossessors in the frequency of octave errors~cf. Ref.
9!. After octave correction, the response distance from
target stimulus was calculated in half steps~hs! away~where
a half step is defined as112 of the distance of an octave!.28

Half steps were chosen as a convenient and familiar un
measure that respects the fact that our perceptual respon
musical sound frequency is logarithmic. It is important
note, however, that this measure is independent of any
cific musical values—it is used solely as a means of qua
fying distance.

Individual performance was judged using constant er
~CE! as a measure of bias and standard deviation~s! as a
measure of variability. Accurate performance would be
J. Acoust. Soc. Am., Vol. 116, No. 3, September 2004
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pected to yield a normal distribution of responses that
centered at zero~low CE and lows!. In contrast, random
performance~i.e., if responses bore no relationship to t
original target! would be expected to produce a uniform di
tribution from 26 to 16 hs. Thus, it would have a low CE
but high variability.

Given the expected distributions for accurate and in
curate performance~and the potential for deviation from nor
mality!, the median of the positive distribution~MPD! was
used to determine whether observed distributions diffe
from the prediction of the null hypothesis. Accurate perfo
mance should have a MPD close to 0 whereas chance
formance would have a MPD near 3. Group performan
was compared to the null hypothesis by calculating a sim
z score from the average and standard error of MPD val
~where z5u32mu/SE). Group differences for CE,s, and
MPD were calculated using standard ANOVAs.

B. Results and discussion

Histograms of combined AP and NAP performance
each time interval are shown in Fig. 1. AP subjects p
formed at (CE6s)20.1460.47, 0.0560.44, and 20.02
60.47 hs and NAP subjects performed at20.0562.14,
20.2362.53, and20.1362.10 hs for time intervals of 2, 8
and 16/32 seconds.29 ANOVA with CE as the dependen
variable30 ~G-G «50.89) showed no significant effect o
group @F(1,40)50.35; p.0.50# or time interval @F(2,80)
50.08; p.0.90#. There was no interaction between grou
and time interval@F(2,80)52.39; p.0.10#. ANOVA with s
as the dependent variable~G-G «50.91) showed a signifi-
cant effect of group@F(1,40)568.26; p50.0001# but not of
time interval@F(2,80)52.41; p50.10#. The interaction be-
tween group and time interval was not significant@F(2,80)
53.13; p50.05#.

The AP subjects performed at (CE6s)20.0460.45
and 20.0360.48 for in-tune and mistuned stimuli, respe
tively. NAP subjects performed at20.2962.10 and 0.08
62.31. None of these differences was significant.

The average MPDs of the AP subjects were (a
6se): 0.3360.03, 0.2960.03, and 0.3360.04 for the three
time intervals, and for the NAP subjects 1.4860.25, 1.55
60.23, and 1.2660.21. All of these values differ signifi-
cantly from the prediction of the null hypothesis. An ANOV
with MPD as the dependent variable~G-G «51.00) showed
a significant effect of group@F(1,40)527.84; p50.0001#
but not of time@F(2,80)50.82; p.0.40#. The interaction
between group and time was not significant@F(2,80)
51.19; p.0.30#.

These data show that the AP group was more consis
than the NAP group in their ability to reproduce the targ
tones. This difference may be accounted for by the exp
mental setup—specifically, because the frequency gener
was always turned on at 1000 Hz and the output funct
was continuous, there was a small amount of tonal inter
ence intrinsic to the task. NAP subjects frequently repor
this to be distracting. In both groups, it is likely that th
interference led to some degree of a gap between subj
ability to remembertones and their ability toreproducethe
tones accurately using the experimental setup. Neverthe
1795Ross et al.: A nonmusical test for absolute pitch
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AP and NAP groups for silent delays of 2, 8, and 16/3
s. Accurate performance would appear as a normal d
tribution that is centered at zero with little variability
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both groups demonstrated that theywere able to reproduce
the target stimulus accurately with our experimental appa
tus. Further, data show that neither group’s performance
minished significantlybelow their own baselinewith time
intervals of up to 32 s. These data are consistent with pr
ous literature in pitch memory.17,31

III. EXPERIMENT 2

In this experiment we tested whether subjects could
produce a stimulus frequency accurately after passive e
sure to interfering tones. Four conditions were used, e
with an increasing number of distracting tones. Given t
neither AP nor NAP performance was significantly affect
by an increased time delay, any decrease in performanc
the present task must be attributed to the effect of the
tracting tones on the maintained memory trace.

A. Method

Experiment 2 differed from experiment 1 by filling th
ISI with a variable number of distracting tones. Four con
tions were created: a 2-s ISI with 1 distracting tone; a 4-s
with 11 distracting tones; an 8-s ISI with 31 distractin
tones; and a 16-s ISI with 71 distracting tones.32 The distract-
ing tones were randomly selected from the 120 stimu
tones and presented for 200 ms each. There was a 20
interval between the target tone and the first distractor an
1600-ms interval between the last distractor and the cue
subjects to reproduce the target stimulus. Again, ten ta
tones were played for each condition in a fixed order~2 s, 4
s, 8 s, 16 s, 2 s,...!. In the abbreviated version, eight ton
each were presented in 2-, 8-, and 16-s conditions. All ot
parameters were the same as in experiment 1.

B. Results and discussion

Histograms of AP and NAP performance for each tim
interval are shown in Fig. 2. AP subjects performed
20.0460.60, 20.3560.97 ~three subjects only!, 0.00
1796 J. Acoust. Soc. Am., Vol. 116, No. 3, September 2004
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60.58, 0.0560.76 hs and NAP subjects performed
20.0562.43, 0.2762.29 ~six subjects only!, 0.2563.19,
0.2263.18 hs for the four time intervals. ANOVA with CE a
the dependent variable~G-G «50.96) showed no effect o
group @F(1,40)50.88; p.0.30# or time @F(2,80)
50.47; p.0.60# and there was no interaction betwee
group and time@F(2,80)50.34; p.0.70#. ANOVA with s
as the dependent variable~G-G «50.89) showed significan
effects of group@F(1,40)5385.66;p,0.0001# and time
@F(2,80)56.16; p,0.01# as well as a significant interactio
between group and time@F(2,80)54.53; p,0.025#.

The AP subjects performed at (CE6s) 20.0360.73
and20.0460.68 for in-tune and mis-tuned stimuli, respe
tively. NAP subjects performed at20.1062.98 and 0.34
62.83. None of these differences was significant. These d
illustrate that stimulus intonation did not have any consist
effect on the performance of either AP or NAP subjects.

The average MPDs of the AP subjects were 0.
60.03, 0.4860.14, 0.3960.04, and 0.4460.06 for the four
time intervals; for the NAP subjects they were 1.636.29,
1.3060.17, 2.7360.17, and 2.8660.19. The AP values dif-
fered from the null hypothesis at all four time intervals. T
NAP group differed from the null hypothesis for the first tw
time intervals but not the third (p.0.05) or fourth (p
.0.20). An ANOVA with MPD as the dependent variab
~G-G «50.77) showed significant effects of grou
@F(1,40)5207.44;p50.0001# and time@F(2,80)59.63; p
,0.001#. The interaction between group and time was a
significant@F(2,80)56.54; p,0.005#.

Because there was a trend towards increased mu
experience in the AP group, additional analyses were c
ducted to evaluate the extent to which total years of mus
experience and the age at which a subject first began mu
training affected performance on our paradigm~see Fig. 3!.
Neither of these variables was well correlated with subje
average performance for the tasks with interfering tones~for
years experience,r 250.16; for age of onset,r 250.36).
Similarly, there was no significant correlation of either
Ross et al.: A nonmusical test for absolute pitch
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these variables for within-group analyses~for AP subjects,
r 250.01 and 0.16 for years experience and age of on
respectively; for NAP,r 250.02 and 0.03!. It should also be
noted, in stark contrast to the idea of a ‘‘critical period
during which training must take place to develop AP~e.g.,
Refs. 11, 33, and 34!, that two of our best AP possesso
~both of whom scored perfect on the note-naming test
near perfect on the reproduction experiments! began training
at ages 10 and 12, respectively.

While these data illustrate clear effects of group, they
not address whether this paradigm would be suitable to
tinguishing between AP and NAP possessors at an individ
level. To this end, data were separately analyzed for e
subject as the average of the two conditions with the high
amount of interference~i.e., the 8- and 16-s intervals in ex
periment 2 with 31 and 71 interfering tones!. The AP sub-
J. Acoust. Soc. Am., Vol. 116, No. 3, September 2004
t,
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jects had an averages of 0.66 with a range of 0.27–1.43 an
a median of 0.59. The NAP subjects had an average of 3
with a range of 2.31–3.82 and a median of 3.19. Thus, th
was a gap of almost one full standard deviation between
worst performance by an AP subject and the best per
mance by an NAP subject; the group medians suggest
even wider gap between prototypical AP and NAP posse
ors.

These data confirm at the individual level the major
fect of the group analysis: AP and NAP subjects were diff
entially affected by the presence of interfering tones. Wit
large number of distracting tones, NAP performance was
distinguishable from chance. Only the AP subjects were a
to remember and reproduce stimuli accurately after the in
sensory trace was destroyed. These data are consistent
previous research13–16,18 and support the notion that thi
f
d
-
by
s.
s-
FIG. 3. Correlation between age o
onset of musical training and standar
deviation of performance for experi
ment 2. AP subjects are represented
squares and NAP subjects by triangle
Solid lines represent the linear regre
sion indicated by the equations.
1797Ross et al.: A nonmusical test for absolute pitch
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paradigm may be an effective way to identify individuals
either possessors or nonpossessors of AP.

IV. DISCUSSION

In this paper, we present a paradigm that is able to
tinguish accurately between AP possessors and non
sessors without requiring subjects to make use of any kno
edge of musical nomenclature. Many previous data sup
the theoretical basis of this paradigm. Principal
Bachem18,35 argued that the fundamental difference betwe
AP possessors and nonpossessors is that NAP individual
able to encode only the height of tonal stimuli whereas
individuals encode representations of both height a
chroma. Further, Bachem was careful to point out that
skill could not be acquired—rather, he characteriz
pseudo-AP~that which could be learned later in life! as the
ability to become particularly adept at encoding heig
However, this skill allows individuals to encode frequency
best to a precision of 5–9 semitones. Given that our pa
digm corrected all responses to the proper octave, this l
of precision would be ineffective. Instead, the accuracy
responses should reflect subjects’ precision at encoding
then reproducing the chroma of the targets. Over the yea
significant body of data has accrued that corrobor
Bachem’s original assertion: AP and NAP individuals a
comparable at performing tasks that involve echoic or sh
term memory, but only AP possessors are able to encode
maintain an accurate long-term representation of stimu
chroma.13–16,18,19,31

Additional theoretical support for our paradigm com
from Takeuchi and Hulse~Ref. 33, p. 353! who discuss the
many factors~e.g., timbre, chroma, and height! that may af-
fect individuals’ absolute pitch abilities, and suggest that s
ceptibility to these factors may be a hallmark of ‘‘lower
forms of AP~this is comparable to Bachem’s description
‘‘limited universal’’ absolute pitch35!. In contrast, Takeuch
and Hulse suggest that the ability to reproduce accurately
absolute frequency of stimuli may be a hallmark of ‘‘highe
forms of AP. Obviously, as originally intended by the a
thors, this would not be a suitable means to test for AP
nonmusicians because it requires subjects to have memo
specific frequency values. However, in conjunction with t
findings of Bachem and others, it is reasonable to beli
that if subjects were given a target to remember, followed
an imposing interval that destroyed their short-term trace
the stimulus, this may be an excellent way of testing for A
Reasonable options for such an interval could be eithe
very long delay~on the order of minutes, hours, or days!,
although this would be experimentally prohibitive for an
large-scale study, or, alternatively, some sort of tonal in
ference~which is known to destroy rapidly the ability o
normal individuals to maintain a tonal representation!.

It should be emphasized that this skill isnot equivalent
to the ‘‘latent AP’’ described by Levitin and others.36–38

Paradigms used by those groups test the ability to evoke
memory of a specific, spectrally complex stimulus that h
accumulated across many repeated presentations. In con
the present paradigm explicitly isolates the ability to enco
an immediate representation of stimulus fundamental
1798 J. Acoust. Soc. Am., Vol. 116, No. 3, September 2004
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quency without the presence of any extrinsic cues. E
where, we expand on the significance of this difference a
present a new model of AP that identifies subpopulatio
within the traditional group of note namers and describes
differential effects of timbre, chroma, and intonation on su
jects’ ability to encode accurate representations of stimu
frequency. We believe this model may help reconcile co
flicting views on the etiology of AP.39

There are several important applications of the new
perimental paradigm presented here. Foremost, use of
paradigm may be able to provide key information in reso
ing the dispute on the etiology of AP. Advocates of the ear
learning theory have argued that musical training is requi
in order to develop AP. Thus, the only way to rigorously te
this theory would be to test for AP in individuals both wit
and withoutmusical training. However, as long as the abili
to name notes is considered the hallmark of AP, such a
will be impossible—only individuals with musical exper
ence will be able to pass the test~cf. Ref. 12!. Perhaps a
better definition of AP—based on Bachem’s origin
description—would be as the ability to encode~and repro-
duce! durable representations of the chroma of perio
stimuli. To prevent confusion with traditional definitions o
AP, we might refer to this skill as the ability to perceptual
encode, or APE.

Obviously, this revised definition would include all in
dividuals capable of passing conventional AP tests. It wo
also include those individuals who are commonly recogniz
as AP possessors but who cannot name notes accuratel
cording to the Western equal-tempered system based on4

5440 Hz—such as musicians of non-Western training or
possessors whose sense of pitch has shifted with age1,40 or
medication.41,42Elsewhere, we have presented data that de
onstrate a dissociation between the ability to name notes
the ability to encode meaningful representations of stimu
frequency.39,43 Importantly, being more inclusive, under ou
definition it should also be possible to test whether mus
training is required to develop APE. Indeed, the paradi
presented here may be ideally suited for this purpose.

V. CONCLUSION

All previous tests of AP have required subjects to po
sess some degree of musical expertise—as such, it has n
been possible to test the hypothesis that early musical tr
ing is required to develop AP. We present a new paradi
that does not require subjects to make use of any mus
knowledge or experience. Data from over 40 classically
fined AP and NAP musicians strongly support the validity
this method.

Because it does not require labeling of notes, this n
paradigm may be usefully applied in several ways—in qu
tifying more accurately than heretofore the prevalence of
in genetically assessing the possible hereditary contribu
to AP, and, perhaps most centrally, in determining the ext
to which musical experience is, or is not, needed to deve
AP. To the best of our knowledge, this is the first test exp
itly designed as a possible way of detecting AP in nonmu
cians. Given the performance of experienced musicians w
Ross et al.: A nonmusical test for absolute pitch
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and without AP, it would be of great interest to discover
nonmusician who is able to perform accurately on this te

ACKNOWLEDGMENTS

The authors would like to thank Linda Bartoshuk, Ro
ert Schultz, Eric Odgaard, David Katz, Junhyong Kim, a
Pawel Skudlarski for their expert consultation on this proj
and Thomas C. Duffy and Thomas Cantey for invalua
musical consultation. This research was supported in par
MSTP Training Grant No. GM07205 from the NIH to th
Yale School of Medicine and NIH Grant No. R0
DC00271-19 from the National Institute of Deafness a
Other Communication Disorders to the John B. Pierce La
ratory. Equipment was donated by Bill Rabinowitz and t
Bose Co.

1P. E. Vernon, ‘‘Absolute pitch: a case study,’’ Br. J. Psychol.68, 485–489
~1977!.

2S. Baharloo, P. A. Johnston, S. K. Service, J. Gitschier, and N. B. Frei
‘‘Absolute pitch: an approach for identification of genetic and nongen
components@see comments#,’’ Am. J. Hum. Genet.62, 224–231~1998!.

3C. D. Seashore,Psychology of Music~McGraw-Hill, New York, 1938!.
4A. Bachem, ‘‘Absolute pitch,’’ J. Acoust. Soc. Am.27, 1180–1185~1955!.
5S. Baharloo, S. K. Service, N. Risch, J. Gitschier, and N. B. Freim
‘‘Familial aggregation of absolute pitch,’’ Am. J. Hum. Genet.67, 755–
758 ~2000!.

6P. K. Gregersen, ‘‘Instant recognition: the genetics of pitch percep
@editorial; comment# @see comments#,’’ Am. J. Hum. Genet.62, 221–223
~1998!.

7P. K. Gregersen, E. Kowalsky, N. Kohn, and E. W. Marvin, ‘‘Early chil
hood music education and predisposition to absolute pitch: teasing
genes and environment,’’ Am. J. Med. Genet.98, 280–282~2001!.

8H. J. Watt,The Psychology of Sound~Cambridge U.P., Cambridge, Pres
1917!.

9A. H. Takeuchi and S. H. Hulse, ‘‘Absolute pitch,’’ Psychol. Bull.113,
345–361~1993!.

10L. L. Cuddy, ‘‘Training the absolute identification of pitch,’’ Percept. Ps
chophys.8, 265–269~1970!.

11K. Miyazaki, ‘‘Musical pitch identification by absolute pitch possessor
Percept. Psychophys.44, 501–512~1988!.

12P. K. Gregersen, E. Kowalsky, N. Kohn, and E. W. Marvin, ‘‘Absolu
pitch: prevalence, ethnic variation, and estimation of the genetic com
nent @letter; comment#,’’ Am. J. Hum. Genet.65, 911–913~1999!.

13J. A. Siegel, ‘‘Sensory and verbal coding strategies in subjects with a
lute pitch,’’ J. Exp. Psychol.103, 37–44~1974!.

14T. Pechmann and G. Mohr, ‘‘Interference in memory for tonal pitch: i
plications for a working-memory model,’’ Mem. Cognit.20, 314–320
~1992!.

15D. Deutsch, ‘‘Tones and numbers: specificity of interference in immed
memory,’’ Science168, 1604–1605~1970!.

16D. Deutsch, ‘‘Mapping of interactions in the pitch memory store,’’ Scien
175, 1020–1022~1972!.

17C. Semal and L. Demany, ‘‘Dissociation of pitch from timbre in audito
short-term memory,’’ J. Acoust. Soc. Am.89, 2404–2407~1991!.

18A. Bachem, ‘‘Time factors and absolute pitch determination,’’ J. Acou
Soc. Am.26, 751–753~1954!.

19R. J. Zatorre and C. Beckett, ‘‘Multiple coding strategies in the retent
of musical tones by possessors of absolute pitch,’’ Mem. Cognit.17, 582–
589 ~1989!.

20N. B. Four NAP subjects did not take this test; however, all four w
accomplished musicians of comparable age and experience to the re
the cohort and were separately tested to confirm that they did not have
J. Acoust. Soc. Am., Vol. 116, No. 3, September 2004
.

-

t
e
by

d
-

r,
c

r,

n

art

o-

o-

e

.

n

t of
P.

21M. Klein, M. Coles, and E. Donchin, ‘‘People with absolute pitch proce
tones without producing a P300,’’ Science223, 1306–1309~1984!.

22E. C. Hantz, K. G. Kreilick, E. W. Marvin, and R. M. Chapman, ‘‘Abso
lute pitch and sex effect event-related potential activity for a melo
interval discrimination task,’’ J. Acoust. Soc. Am.102, 451–460~1997!.

23G. C. Crummer, J. P. Walton, J. W. Wayman, E. C. Hantz, and R.
Frisina, ‘‘Neural processing of musical timbre by musicians, nonmu
cians, and musicians possessing absolute pitch,’’ J. Acoust. Soc. Am95,
2720–2727~1994!.

24K. Ohgushi, ‘‘The origin of tonality and a possible explanation of th
octave enlargement phenomenon,’’ J. Acoust. Soc. Am.73, 1694–1700
~1983!.

25M. F. McKinney and B. Delgutte, ‘‘A possible neurophysiological basis
the octave enlargement effect,’’ J. Acoust. Soc. Am.106, 2679–2692
~1999!.

26P. Cariani, ‘‘Temporal codes, timing nets, and music perception,’’ N
Music Percept.30, 107–135~2001!.

27J. D. Warren, S. Uppenkamp, R. D. Patterson, and T. D. Griffiths, ‘‘An
lyzing pitch chroma and pitch height in the human brain,’’ Ann. N.
Acad. Sci.999, 212–214~2003!.

28d5(12/log 2)log(fresponse/fstimulus).
29Data were tested for both AP and NAP groups to determine if there w

difference in performance for the 16- and 32-s conditions. ANOVA of C
showed no effect of time interval for either the AP@F(1,18)51.22; p
.0.20# or NAP group @F(1,20)50.82; p.0.30#. Similarly, ANOVA
with s as a factor showed no effect of time interval for either the A
@F(1,18)50.60; p50.45# or NAP group@F(1,20)50.04; p.0.80#.

30For this and all other tests~unless otherwise specified! we used a repeated
measures ANOVA, with AP/NAP status as a between-group factor
time interval as a within-group factor. To account for possible violatio
of sphericity, Greenhouse–Geisser~G-G! corrections were calculated an
the correctedp-values are reported in the main text.

31T. A. Keller, N. Cowan, and J. S. Saults, ‘‘Can auditory memory for to
pitch be rehearsed?’’ J. Exp. Psychol. Learn. Mem. Cogn.21, 635–645
~1995!.

32These parameters were chosen to allow for a broad assessment o
effect of interference. It was not our intent to systematically study
interaction between ISI duration and the number of interfering tone
this time.

33A. H. Takeuchi and S. H. Hulse, ‘‘Absolute-pitch judgments of black-a
white-key pitches,’’ Music Percept.9, 27–46~1991!.

34D. Sergeant, ‘‘Experimental investigation of absolute pitch,’’ J Res M
Educ17, 135–143~1969!.

35A. Bachem, ‘‘Various types of absolute pitch,’’ J. Acoust. Soc. Am.9,
146–157~1937!.

36D. J. Levitin, ‘‘Absolute memory for musical pitch: evidence from th
production of learned melodies,’’ Percept. Psychophys.56, 414–423
~1994!.

37A. R. Halpern, ‘‘Memory for the absolute pitch of familiar songs,’’ Mem
Cognit.17, 572–581~1989!.

38E. G. Schellenberg and S. E. Trehub, ‘‘Good pitch memory is wid
spread,’’ Psychol. Sci.14, 262–266~2003!.

39D. A. Ross, ‘‘Auditory Processes of Musical Pitch Perception,’’ docto
dissertation, Yale University, 2004.

40V. T. Wynn, ‘‘Absolute pitch in humans, its variations and possible co
nections with other known rhythmic phenomena,’’ Prog. Neurobiol.1,
111–149~1973!.

41T. Kobayashi, K. Nisijima, Y. Ehara, K. Otsuka, and S. Kato, ‘‘Pitc
perception shift: A rare side-effect of carbamazepine,’’ Psychiatry C
Neurosci.55, 415–417~2001!.

42V. Chaloupka, S. Mitchell, and R. Muirhead, ‘‘Observation of a reversib
medication-induced change in pitch perception,’’ J. Acoust. Soc. Am.96,
145–149~1994!.

43D. A. Ross, I. R. Olson, and J. C. Gore, ‘‘Absolute Pitch Does Not Depe
on Early Musical Training,’’ Ann. N.Y. Acad. Sci.999, 522–526~2003!.
1799Ross et al.: A nonmusical test for absolute pitch


