A nonmusical paradigm for identifying absolute pitch possessors
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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 pitaR), 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.
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I. INTRODUCTION sages by producing each note individually rather than trying

Most individuals perceive melodic sequences withoutfto tune challenging intervals. AP possessors may also be lim-

being able to identify absolutely the notes involved. For ex-'teOI in severa! important ways. Strict z?\dherence to the abso-
ample, most people could recognize Beethoven's Fifth Sym!Ut€ frequencies of tones as found in the equal-tempered
phony but would not know that the first note is a “G.” This Scalé could hinder a possessor’s ability to remain in tune
example illustrates that the perception of tonal sequences With @ choir that drifts flat or to maintain proper intonation
genera”y dependent on the ab|||ty to recognize the re|ationon intervals that differ from equal temperament. There are
ships between notes, rather than on recognizing the exa@{SoO reports of AP musicians who find that their sense of
frequency of each note. When further refined, this skill—thepitch shifts as they grow older, possibly due to changes in the
ability to identify or produce musical intervals accurately—is elasticity of the basilar membrané.
referred to as “relative pitch(RP). A central point of controversy in the study of AP has
A small subset of the population is also capable ofbeen the relative roles of heredity and early musical experi-
quickly and accurately labeling tonal stimuli on the basis ofence. While a parsimonious approach might allow that both
their fundamental frequenciéwithout the use of a reference genetic and epigenetic factors are involved, few authors in
tong. This skill is generally referred to as “absolute pitch” the field have adopted such a moderate stance. Early models
(AP), or, colloquially, as “perfect pitch.” This phenomenon of AP suggested that “true” AP is a genetically determined
has been of interest to musicians and scientists alike fofrait®* and several recent papers have provided convincing
many years, in large part because of the musical advantagesidence that AP has a genetic comporfeht.Other models
it may endow. For example, it may be easier for AP possessf absolute pitch have argued that AP results from early
ors to transcribe or remember a piece of music because th%‘arning experienceés!t These models generally propose
can directly identify each of the notes that are played. Simithat early in life some individuals memorize the exact fre-
larly, it may be easier for them to sight-sing difficult pas- quency of each note in the musical scale, either consciously
or unconsciously, resulting in absolute pitch abilities. Indi-
dElectronic mail: david.a.ross@yale.edu rect evidence in support of this theory is drawn from the
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finding that all reported AP individuals possess extensivg10 malg had an average age of 23:7.6 and an average of
early musical trainind;** and that the degree of AP tends to 17.2+8.0 years of performance on their primary instrument.
correlate with years of musical trainifigdowever, the data The 22 NAP subjects had an average age of 255 and an
supporting this theory are problematic since AP testing methaverage of 11.€ 6.5 years experience playing their primary
ods have been biased towards identifying individuals whanstrument.
possess musical training. Specifically, most paradigms have
employed a Iapeling technique in which subjects are played 3 Screening for note naming ability
series of musical tones and are asked to name the notes ac- ) ) )
cording to the Western musical scale. Performance on such a 1he following test was used to verify the claims of sub-
test is predicated on a basic level of musical expertise and #C€tS who reported to POSSESS AP. The method is similar to
therefore insensitive to the possibility of discovering AP in those used by Baharlcgt al> and Gregerseat al. (personal
either a nonmusician or a musician of non-Western trainingc®mmunication We used a predefined criterion of 80% ac-
As such, there is no convincing evidence that only musician§Uracy to qualify a subject as an AP possessor. _
possess AP The test required subjects to orally name 60 musical
The goal of the present study was to develop a paradigrﬂOtes- The tones were presented in six blocks of ten notes
that could distinguish between AP possessors and nonpo§ach. Between blocks, subjects were allowed to rest for as
sessors without requiring subjects to have knowledgéoof long as desired. NoFes_ were pseudo-randomly selected with
at least without requiring subjects to §s@nventional mu- réplacement from within the range of C2-@55.4-2093.0
sical nomenclature. The paradigm that we developed for thi§2) Such that no consecutive notes were within nine whole
purpose resembles one used by Siédat, which she asked steps of each other _and.no note valges repeated W|t_h|n any
AP possessors and nonpossessors to make same/differdi€-note span. All stimuli had a duration of 500 ms with an
judgments about a target stimulus following a series of interiNterstimulus interval of 2100 ms. Subjects were asked to
fering tones. We refined Siegel's design so as to present sufPel orally the musical note na})nﬁmthc_)ut regard to octave
jects a target stimulus followed either by a silent interstimu-Pf each stimuluge.g., “F” or “B *") during the interstimulus .
lus interval (ISI) or one filled with interfering tones, after Nterval. Responses were manually recorded by the experi-
which the subjects were asked to reproduce the original ton@'€nter and eqtuvalent tharmonlc labels were accepted as
by adjusting the knob of a sine function generator. We exCorrect(e.g., “G™ vs. “F ™). The test was administered us-
pected that both groups would perform this task with relativd"d PsyScope 1.2.1 with a script that was identical for all
accuracy after a silent ISI. In contrast, a significant body ofSUbjects. To minimize the success of skilled RP musicians,
literature indicates that passive exposure to as few as four §HP€Cts were not given a reference tone and at no time dur-
seven interfering tones should be sufficient to destroy comlnd the experiment was any sort of feedback provided.
pletely a non-AP subjects memory for the tafdet’ The first 30 stimuli qonssted of sinusoidal tones._ The
whereas AP subjects should remain accutat&°Thus, we notes were generated using the “tone generator” function of

expected that this paradigm would be able to distinguish acoCUNdEditll (SEIl) for the Macintosh. Frequency values
curately between AP and NAP individuals. were based on the equal-tempered scale witks 440 Hz.

Importantly, this paradigm does not require subjects tol he next 30 stimuli consisted of piano tones. The tones were

make use of any musical knowledge or training: subjects ar@enerated using a Roland JV-50 synthesizer. In order to con-
never asked to name musical notes nor are they asked Hj)' for npte duration and envelope the tones were recorded
produce musical notes by name. As discussed by Siegel, wdirectly into SEII from a Finale '98 file. Fundamental fre-

do not deny the possibility that a subjemtuld apply cat- dueéncy values were again based on an equal-tempered scale
egorical labels to the target stimuli in order to maintain rep-With A;=440 Hz. _

resentations of them. However, it is important to emphasize ~ Data were scored in terms of percent accuracy. Accuracy
that this task focuses strictly on the ability of subjects toWas measured for each subject as the proportion of the total
encode durable long-term representations of target stimulftimuli that received correct responsg., omitted notes

The extent to which this skill overlaps with the ability to Weré considered incorrect

name notes(and thus corresponds to classically defined  TWenty subjects qualified as AP possessors, performing
“perfect pitch”) will be a point of great interest. with an average of 91% 7% accuracyrange: 80%—100%;
chance=8%). Eighteen subjects claiming not to possess AP
Il EXPERIMENT 1 performed at 9% 6% (range: 2%—20%*°
A. Method 3. Stimuli and procedure

1. Participants Subjects were played a tone followed by a silent interval

At this time, because we were strictly interested in test-of varying length(either 2, 8, or 32 s At the end of the ISI
ing the validity of our paradigm, only experienced musiciansa nontonal auditory clicksimilar to the striking of wooden
were includedi.e., individuals who could easily be classified block; duration~100 mg was sounded, indicating that par-
as AP possessors or nonpossessors using standard methotisipants should reproduce the original target frequency by
Nine musicians participated in the original version of thisadjusting the knob of a digital sine-wave function generator.
experiment(3 AP, 6 NAP and 33 subject§l7 AP, 16 NAB  Subjects were explicitly instructed that they should try to
took part in an abbreviated version. The 20 AP possessomatch both the chroma and octave but that chroma was more
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important (i.e., that it was better to reproduce the chromapected to yield a normal distribution of responses that is
accurately in the wrong octave then to get the octave correatentered at zerdlow CE and lowo). In contrast, random
but lose the exact chromaBefore each stimulus, the func- performance(i.e., if responses bore no relationship to the
tion generator was reset to a frequency of 1000 Hz. Subjectsriginal target would be expected to produce a uniform dis-
indicated successful completion of the task either orally ottribution from —6 to +6 hs. Thus, it would have a low CE
by tapping their finger on the top of the function generator.but high variability.
The experimenter recorded the participants’ responses manu- Given the expected distributions for accurate and inac-
ally and was not aware of the correct frequency values.  curate performanc&nd the potential for deviation from nor-
Ten target tones were played for each condition in amality), the median of the positive distributidiMPD) was
fixed order(2s, 8s, 32s, 2s,)..The target stimuli consisted of used to determine whether observed distributions differed
pure tones generated using the frequency generator functidrom the prediction of the null hypothesis. Accurate perfor-
of SoundEditll (SEIl) for the Macintosh. Targets were se- mance should have a MPD close to 0 whereas chance per-
lected from a set of 120 possible tones. Sixty tones weréormance would have a MPD near 3. Group performance
notes from the Western, equal-tempered scalg=#40), was compared to the null hypothesis by calculating a simple
ranging from C2 to B§65.4 to 1975.5 Hg A second set of  z score from the average and standard error of MPD values
60 tones was then generated by deliberately mistuning thevhere z=|3— u|/SE). Group differences for Chy, and
original notes upwards by a variable amourgnging from  MPD were calculated using standard ANOVAs.
20 to 80 centp The unfamiliar tones had a frequency range
from 66.4 to 2060.6 Hz. Tones were presented binaurally foB. Results and discussion

a duration of 300 ms. Within each experiment, targets were Histograms of combined AP and NAP performance for
pseudo-randomly selected, with replacement, so as to 'nCIUdeeach time interval are shown in Fig. 1. AP subjects per-
an equal number of familiar and unfamiliar tones from eachf rmed at (CE:¢)—0.14+0.47, 0.05 0.44, and —0.02
octave. Consecutive target tones were never within a haI_f?0 47 hs and NAP s.ubj_ecfs ,pen.‘orme.d 210 05+ 2 14
step(or octavex 1 half step of each other. —0.23+2.53, and—0.13+2.10 hs for time intervals of 2, 8,

tA’; 'de”t'ca'tcc.’mp:“er sort Wafstﬁsid fotr. each Parichand 16/32 seconds. ANOVA with CE as the dependent
pant. o prevent visual monitoring ot the Tunction generator, ., 1,80 (.G £=0.89) showed no significant effect of

participants were blindfolded during the performance of a”group[F(l,40)=0.35; p>0.50] or time interval[ F(2,80)

tasks. Individuals were not given feedback on their perfor-_ 4 5g. p>0.90]. There was no interaction between group
mance until the completion of all tasks and at no time was aand' tin’1e inte:rva.[F(Z 80)=2.39; p>0.10]. ANOVA with o
reference tone provided, as the dependent variab{&-G ¢=0.91) showed a signifi-

In the abbreviated version of the experiment, subject% n _ i
. ; t effect of groupF(1,40)=68.26; p=0.000] but not of
were presented eight tones each for 2-, 8-, and 16-s ISI's arﬁf”e interval[ F(2,80)=2.41; p=0.10]. The interaction be-

targets were drawn from between C3 and B6. All other Pateen group and time interval was not significafi(2,80)
rameters were the same. —3.13; p=0.05|

The AP subjects performed at (Gkr)—0.04+0.45
and —0.03+0.48 for in-tune and mistuned stimuli, respec-
Because we were primarily interested in the encoding ofively. NAP subjects performed at 0.29+2.10 and 0.08
chroma and sought to avoid the confounding influence oft2.31. None of these differences was significant.
octave errors, subjects were instructed that reproducing the The average MPDs of the AP subjects were (avg.
chroma exactly should be their priority. Accordingly, each £se): 0.33:0.03, 0.2%-0.03, and 0.330.04 for the three
response was corrected to the nearest octave. This correctitime intervals, and for the NAP subjects 148.25, 1.55
is consistent both with the majority of AP stuciéd!%21=23  +0.23, and 1.26:0.21. All of these values differ signifi-
and with physiological evidence supporting the concept ofcantly from the prediction of the null hypothesis. An ANOVA
octave equivalenc& 2’ This manipulation is unlikely to with MPD as the dependent variali&-G & =1.00) showed
confound group differences given the substantial body of lit-a significant effect of groupF(1,40)=27.84; p=0.000]
erature that fails to find differences between AP possessotsut not of time[F(2,80)=0.82; p>0.40]. The interaction
and nonpossessors in the frequency of octave efcbrfef.  between group and time was not significaf(2,80)
9). After octave correction, the response distance from the=1.19; p>0.30].
target stimulus was calculated in half stéps) away(where These data show that the AP group was more consistent
a half step is defined a of the distance of an octay®  than the NAP group in their ability to reproduce the target
Half steps were chosen as a convenient and familiar unit ofones. This difference may be accounted for by the experi-
measure that respects the fact that our perceptual responsentental setup—specifically, because the frequency generator
musical sound frequency is logarithmic. It is important towas always turned on at 1000 Hz and the output function
note, however, that this measure is independent of any speras continuous, there was a small amount of tonal interfer-
cific musical values—it is used solely as a means of quantience intrinsic to the task. NAP subjects frequently reported
fying distance. this to be distracting. In both groups, it is likely that this
Individual performance was judged using constant erroiinterference led to some degree of a gap between subjects’
(CE) as a measure of bias and standard deviatignas a  ability to remembertones and their ability toeproducethe
measure of variability. Accurate performance would be extones accurately using the experimental setup. Nevertheless,

4. Data processing
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both groups demonstrated that thewgre able to reproduce +0.58, 0.05-0.76 hs and NAP subjects performed at
the target stimulus accurately with our experimental appara- g o5+2.43, 0.27-2.29 (six subjects only 0.25+3.19,
tus. Further, data show that neither group’s performance dig 22+ 3.18 hs for the four time intervals. ANOVA with CE as

minished significantlybelow their own baselinevith time dependent variabl&-G £ =0.96) showed no effect of
intervals of up to 32 s. These data are consistent with previgroup [F(1,40)=0.88; p>0.30] or time [F(2,80)

. . . 31
ous literature in pitch memory: =0.47;p>0.60] and there was no interaction between
group and timg F(2,80)=0.34; p>0.70]. ANOVA with o
IIl. EXPERIMENT 2 as the dependent variahlé-G £ =0.89) showed significant

effects of group[F(1,40)=385.66;p<<0.000] and time

In this e>§per|ment we tested whether subjects C.OU|d re'F(2,80)= 6.16; p<<0.01] as well as a significant interaction
produce a stimulus frequency accurately after passive expo-

. . " etween group and timd=(2,80)=4.53; p<0.025.
sure to interfering tones. Four conditions were used, eac .
: ; ) ) . . The AP subjects performed at (Gk) —0.03+0.73
with an increasing number of distracting tones. Given that N . . S
neither AP nor NAP performance was significantly affecteg?"d ~0-04+0.68 for in-tune and mis-tuned stimuli, respec-
. . . tively. NAP subjects performed at 0.10+2.98 and 0.34
by an increased time delay, any decrease in performance on,, 83. None of th differen W ianificant. Th dat
the present task must be attributed to the effect of the dismus.tra.te t%aet} gtimjlig intoenzticc)reisdidarfof EaveC Ezm)-/ coﬁziiteita
tracting t th intained t . . .
racting tones on the maintained memory trace effect on the performance of either AP or NAP subjects.
A. Method The average MPDs of the AP subjects were 0.31
Experiment 2 differed from experiment 1 by fIIIIng the +0.03, 0.48-0.14, 0.39-0.04, and 0.44 0.06 for the four

ISI with a variable number of distracting tones. Four condi-ime intervals; for the NAP subjects they were 1:629,
tions were created: a 2-s ISI with 1 distracting tone; a 4-s ISf-30+0.17, 2.73:0.17, and 2.860.19. The AP values dif-
with 11 distracting tones; an 8-s ISI with 31 distracting fered from th_e null hypothesis at all four t|me mtervgls. The
tones; and a 16-s ISI with 71 distracting toriéghe distract- VAP group differed from the null hypothesis for the first two
ing tones were randomly selected from the 120 stimuludime intervals but not the third p>0.05) or fourth
tones and presented for 200 ms each. There was a 200-na0-20). An ANOVA with MPD as the dependent variable
interval between the target tone and the first distractor and §3-G €=0.77) showed significant effects of group
1600-ms interval between the last distractor and the cue fdiF (1,40)=207.44;p=0.0001 and time[F(2,80)=9.63; p
subjects to reproduce the target stimulus. Again, ten target.0-003. The interaction between group and time was also
tones were played for each condition in a fixed orges, 4  Significant[F(2,80)=6.54; p<<0.00§.
s,8s, 16 s, 2 s,)..In the abbreviated version, eight tones Because there was a trend towards increased musical
each were presented in 2-, 8-, and 16-s conditions. All othe@XPerience in the AP group, additional analyses were con-
parameters were the same as in experiment 1. ducted to evaluate the extent to which total years of musical
experience and the age at which a subject first began musical
training affected performance on our paradi¢ggee Fig. 3.
Neither of these variables was well correlated with subjects’
Histograms of AP and NAP performance for each timeaverage performance for the tasks with interfering tdifes
interval are shown in Fig. 2. AP subjects performed atyears experience;?=0.16; for age of onsetyr?=0.36).
—0.04+0.60, —0.35+0.97 (three subjects on)y 0.00 Similarly, there was no significant correlation of either of

B. Results and discussion
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FIG. 2. Experiment 2: Histogram illustrating the dis-
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these variables for within-group analys@er AP subjects, jects had an averageof 0.66 with a range of 0.27-1.43 and
r2=0.01 and 0.16 for years experience and age of onsef median of 0.59. The NAP subjects had an average of 3.18
respectively; for NAPy2=0.02 and 0.08 It should also be with a range of 2.31-3.82 and a median of 3.19. Thus, there
noted, in stark contrast to the idea of a “critical period” was a gap of almost one full standard deviation between the
during which training must take place to develop A?g., worst performance by an AP subject and the best perfor-
Refs. 11, 33, and 34that two of our best AP possessors mance by an NAP subject; the group medians suggests an
(both of whom scored perfect on the note-naming test anéven wider gap between prototypical AP and NAP possess-
near perfect on the reproduction experimgiisgan training  ors.
at ages 10 and 12, respectively. These data confirm at the individual level the major ef-
While these data illustrate clear effects of group, they ddect of the group analysis: AP and NAP subjects were differ-
not address whether this paradigm would be suitable to disentially affected by the presence of interfering tones. With a
tinguishing between AP and NAP possessors at an individudarge number of distracting tones, NAP performance was in-
level. To this end, data were separately analyzed for eactlistinguishable from chance. Only the AP subjects were able
subject as the average of the two conditions with the highedb remember and reproduce stimuli accurately after the initial
amount of interferencé.e., the 8- and 16-s intervals in ex- sensory trace was destroyed. These data are consistent with
periment 2 with 31 and 71 interfering toneThe AP sub- previous resear¢fi2®!® and support the notion that this

Age onset vs. standard deviation

4
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2
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paradigm may be an effective way to identify individuals asquency without the presence of any extrinsic cues. Else-

either possessors or nonpossessors of AP. where, we expand on the significance of this difference and
present a new model of AP that identifies subpopulations
IV. DISCUSSION within the traditional group of note namers and describes the

differential effects of timbre, chroma, and intonation on sub-

In this paper, we present a paradigm that is able to dis: s’ ability t q i tati £ stimul
tinguish accurately between AP possessors and nonp =cts abiliy 1o encode accurate representations ot stimulus
requency. We believe this model may help reconcile con-

sessors without requiring subjects to make use of any knowl:

edge of musical nomenclature. Many previous data suppon'cur_;_gr]1 views on the eltl_ologytoffﬁ? licati fth
the theoretical basis of this paradigm. Principally, ere are several important applications ot the new ex-

Bachent®3 argued that the fundamental difference betweerPerim_emal paradigm presente_d here._Foremo_st, use of this
AP possessors and nonpossessors is that NAP individuals a‘?é“ad'gnf' may be able t_o provide key information in resolv-
able to encode only the height of tonal stimuli whereas AP"Y the dispute on the etiology of AP. Advocates of the early-

individuals encode representations of both height and{earning theory have argued that musical traini_ng 's required
chroma. Further, Bachem was careful to point out that thid" order to develop AP. Thus, the only way to rigorously test
skill could not, be acquired—rather, he characterizeolhis theory would be to test for AP in individuals both with

pseudo-ARthat which could be learned later in lfas the ?nd W'thOUtTUS.'CaI tral.r(;mg. dthwer:/ eIT as |ionfg :;’ the ﬁb”'tty t
ability to become particularly adept at encoding height.0 name notes IS considere € halimark o » Such a tes

However, this skill allows individuals to encode frequenc atWiII be _impossible—only individuals with musical experi-
g y ence will be able to pass the tegff. Ref. 13. Perhaps a

best to a precision of 5-9 semitones. Given that our par tter definiti t AP—based Bachem’ qinal
digm corrected all responses to the proper octave, this lev etter  definition 0 —Pased on bachéms origina
escription—would be as the ability to enco@ad repro-

of precision would be ineffective. Instead, the accuracy o

responses should reflect subjects’ precision at encoding anq]L.'Ce durable representations of the chroma of periodic

then reproducing the chroma of the targets. Over the years imuli. To prevent confusion with traditional definitions of
significant body of data has accrued that corroborat7 P, we might refer to this skill as the ability to perceptually

Bachem’s original assertion: AP and NAP individuals areenc%js,.or AIPEth ised definiti Id include all i
comparable at performing tasks that involve echoic or short- Viously, this revised detinition would include ail in-

term memory, but only AP possessors are able to encode arql(:'ividuals capable of passing conventional AP tests. It would

maintain an accurate long-term representation of stimulu§'0 include those individuals who are commonly recognized
a13-16.18,19,31 as AP possessors but who cannot name notes accurately ac-

chroma. X
Additional theoretical support for our paradigm comesCordlng to the Western equal-tempered system based,on A
from Takeuchi and HulséRef. 33, p. 35Bwho discuss the =440 Hz—such as musicians of non-Western training or AP
AN possessors whose sense of pitch has shifted with*Age

many factorge.g., timbre, chroma, and heighhat may af- o
Y se.g 9 Y medicatior***Elsewhere, we have presented data that dem-

fect individuals’ absolute pitch abilities, and suggest that sus . - .
onstrate a dissociation between the ability to name notes and

ceptibility to these factors may be a hallmark of “lower” the ability t d inaful tati f stimul
forms of AP (this is comparable to Bachem’s description of € abiity g(isenco € meaningiul representations ot stimuius
frequency’>*® Importantly, being more inclusive, under our

“limited universal” absolute pitcf). In contrast, Takeuchi o . )
and Hulse suggest that the ability to reproduce accurately th%efm_'t'on I shogld also be possible to test whether mus_|ca|
absolute frequency of stimuli may be a hallmark of “higher” fraining is required to d_evelop AF.)E' Indee_d, the paradigm
forms of AP. Obviously, as originally intended by the au- presented here may be ideally suited for this purpose.
thors, this would not be a suitable means to test for AP in
nonnjL_Jsicians because it requires subjects t_o haye memorizg;_j CONCLUSION
specific frequency values. However, in conjunction with the
findings of Bachem and others, it is reasonable to believe All previous tests of AP have required subjects to pos-
that if subjects were given a target to remember, followed bysess some degree of musical expertise—as such, it has never
an imposing interval that destroyed their short-term trace obeen possible to test the hypothesis that early musical train-
the stimulus, this may be an excellent way of testing for APing is required to develop AP. We present a new paradigm
Reasonable options for such an interval could be either ¢hat does not require subjects to make use of any musical
very long delay(on the order of minutes, hours, or days knowledge or experience. Data from over 40 classically de-
although this would be experimentally prohibitive for any fined AP and NAP musicians strongly support the validity of
large-scale study, or, alternatively, some sort of tonal interthis method.
ference (which is known to destroy rapidly the ability of Because it does not require labeling of notes, this new
normal individuals to maintain a tonal representation paradigm may be usefully applied in several ways—in quan-
It should be emphasized that this skillnst equivalent  tifying more accurately than heretofore the prevalence of AP,
to the “latent AP” described by Levitin and othei$:®® in genetically assessing the possible hereditary contribution
Paradigms used by those groups test the ability to evoke th® AP, and, perhaps most centrally, in determining the extent
memory of a specific, spectrally complex stimulus that hago which musical experience is, or is not, needed to develop
accumulated across many repeated presentations. In contra&g. To the best of our knowledge, this is the first test explic-
the present paradigm explicitly isolates the ability to encodetly designed as a possible way of detecting AP in honmusi-
an immediate representation of stimulus fundamental frecians. Given the performance of experienced musicians with
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and without AP, it would be of great interest to discover a?M. Klein, M. Coles, and E. Donchin, “People with absolute pitch process

nonmusician who is able to perform accurately on this test
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