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Levitin’s findings that nonmusicians could produce from memory the absolute pitches of self-selected

pop songs have been widely cited in the music psychology literature. These findings suggest that latent
absolute pitch (AP) memory mav be a more widespread trait within the population than traditional
AP labelling ability. However, it has been left unclear what factors may facilitate absolute pitch reten-

tion for familiar pieces of music. The aim of the present paper was to investigate factors that may con-
tribute to latent AP memory using Levitin’s sung production paradigm for AP memory and

comparing results to the outcomes of a pitch labelling task, a relative pitch memory test, measures

of music-induced emotions, and various measures of participants’ musical backgrounds. Our results

suggest that relative pitch memory and the quality and degree of music-elicited emotions impact

on latent AP memory.
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Absolute pitch (AP), the ability to label a note by
name or produce a pitch of choice without a
given reference (Ward, 1999), has traditionally
been regarded as a rare skill. AP is estimated to
be present in less than 0.01% of the population
(Profita & Bidder, 1988) and about 15% of pro-
fessional musicians (Baharloo, Johnston, Service,
Gitschier, & Freimer, 1998). However, a growing
body of literature suggests that the retention of
latent AP information from familiar music may
be much more prevalent in the human population
than previously assumed (e.g, Halpern, 1989;
Levitin, 1994; Schellenberg & Trehub, 2003).

In a study by Levitin (1994), 46 nonmusicians
performed significantly above chance n reprodu-

cing the absolute pitches of familar, self-selected

pop songs from memory. A total of 40% of partici-
pants sang at the original recorded pitch level of a
self-selected song on at least one of two trials,
and 44% sang within two semitones of the correct
pitch on both trials. Levitin subsequently proposed
a two-component theory of AP ability, including
pitch labelling and pitch memory. He suggested
that, although pitch labelling may be unique to
those traditionally accepted as AP possessors,
there may be a greater degree of latent AP
memory ability present in the population than pre-
viously assumed.

Levitin's findings sparked great interest in the
psvchology community through their divergence
from the large body of prior evidence for AP as a
rare skill by suggesting that some degree of AP
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gender, age, musical training, time spent listening
to music, or time spent singing aloud on perform-
ance on the latent AP task. Hence, the main motiv-
ation of the present paper is to replicate the
mcidence rate of AP sung productions reported
Levitin's paper and to identify correlates and con-
tributing factors.?

Although Levitin (1994) suggested a distinction
between AP labelling and AP memory, it is left
unclear whether these are related or independent
abilities. In the present study, we aim to assess
whether there exists a  positive relationship
between these two AP components. As our aim 1s
to test both musicians and nonmusicians, we
sought a different assessment from a traditional
pitch labelling task for AP, which cannot be
emploved with nonmusicians unfamiliar with
note-naming terminology. Therefore, we use a
decay task for single tones, which has been shown
to be a correlate of AP labelling ability (Siegel,
1974). In the decay task, participants are asked to
retain a single presented pitch in memory and
compare 1t to a second pitch presented after a
time delay filled with intervening tones.

To provide a more comprehensive view of the
relationship between latent AP and general pitch
memory, the relationship between latent AP
memory and relative pitch (RP) memory is also

assessed. RP memory involves the encoding of

the relationships between consecutive pitches (the
contour and interval structure) in music. RP is
commonly considered the predominant musical
memory strategy used by the general population,
in contrast to AP (Ward, 1999). It has been

suggested that traditional AP possessors may not
develop RP skills to the same degree as their
non-AP  counterparts (Mivazaki & Rakowski,
2002). As such, we aim to investigate whether the
same negative relationship exists between RP and
latent AP. Our results will thereby provide a
clearer understanding of how latent AP relates to
other more widely understood pitch memory strat-
egies, and whether some shared mechanisms
underlie latent and explicit AP.

It is also highly plausible that latent AP for indi-
vidual songs 1s influenced by unique memory
associations, which vary for different participants
across different songs. We aim to assess one key
aspect of this research question by Investigating
whether music-elicited emotions impact perform-
ance on the latent AP task. Research suggests
that emotionally charged stimuli are remembered
better over time than nonemotional stimuli in the
linguistic and visual domains (e.g., Kensinger &
Corkin, 2003), emotional music 1s retained better
in long-term memory than less emotional music
(Eschrich, Miinte, & Altenmiiller, 2008), and
emotional events may be recalled with greater accu-
racv and vividness than nonemotional events
(Heuer & Reisberg, 1990). Therefore, we aim to
test whether music-elicited emotions exhibit a posi-
tive relationship with latent AP accuracy.

In summary, the current study aims to investi-
gate factors that contribute to latent AP memory
for familiar songs. These factors include music-
related behaviour and background, emotional
association with individual songs, and AP labelling
and RP memory abilities.

Method

Participants

A total of 50 participants (27 male), 21-63 years of
age (M = 31, 8D = 9.9), took part in the experiment.
Years of formal musical tramning ranged from 0-22
vears (M= 7.5, SD=5.9). In self-reports, no par-
ticipants clatmed to possess absolute pitch.

1 Levitin (1994) has 216 citations in Google Scholar as of March, 2013.
2 The replication results reported in this paper are part of a larger replication project currently conducred across six Furopean labs

{Schlemmer et al,, 2012).
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Matertals and stimult

Scrfg fist. A Dist of 146 popular song choices from
MTV Europe’s Top 20 hists was compiled for the
sung production task. This list comprised songs
recorded in only one key by the original performers,
such as “Let It Be” by the Beatles and “Hotel
California” by the Eagles.

Questionnaire. A musical background questionnaire
included questions on years of musical training,
start age for music lessons, time spent singing
aloud, time spent listening to music, and frequency

of exposure to songs chosen for the production
3
task.

GEMS-25. The 25-question Geneva Emotional
Music Scale (GEMS-25) was used to assess partici-
pants’ felt emotional responses to the songs chosen
for the production task (Zentner, Grandjean, &
Scherer, 2008). Participants rated felt responses to
25 emotions, such as “tearful” and “strong”, on
5-point Likert scales while listening to recordings
of thewr chosen songs. These 25 emotions group
onto 9 man factors: wonder, transcendence,
power, tenderness, nostalgia, peacelulness, joviul

Ll\.'ti.\";lti.()rl, t::n:sicm? LlI’lLI ti;lLIIlﬁh'ti.

Pigch memory fest. A pitch memory  test was
designed to assess both RP and AP labelling
ability. RP memory was assessed using the 12-
item melodic memory test from the Goldsmiths
Musical  Sophistication  Index  (Gold-MSI;
Millensiefen, Gingras, Stewart, & Musil, 2011).
The Gold-MSI melodic memory test comprises a
same—different task for two successively presented
melodies. “Same” melody trals consist of the
same melody presented in two different keys,
whereas “different” melody trals consist of two
melodies presented in different keys that addition-
ally differ in contour and/or interval structure.

A decay task was used to assess AP labelling
ability, due to its emplovability with both musician
and nonmusician participants. This task utilized a
same—different judgement for single tones and

ABSOLUTE PITCH MEMORY

was presented in an interspersed format with the
RP task. For each of 12 trals, the standard tone
for the decay task was presented, followed by the
two comparison melodies of the RP task, followed
by the comparison tone for the decay task (see
Figure 1). As such, the pitch of the decay task stan-
dard tone would be highly difficult to retain
without some form of AP labelling abilitv, as
demonstrated by Siegel (1974). An example trial
began the test.

To test its ability to assess AP labelling ability,
the pitch memory test was administered in a pilot
study to two self-reported AP possessors and six
non-AP possessors. The non-AP possessors per-
formed at chance level (mean &' =022, SD=
0.86), and significantly worse than the AP posses-
sors (mean ' = 3.08, SD =0.54); (1), 0.001,
Z=-2.00, p, .05. The scores of each of the AP
POSSEES0TS {n’”_qp,,.ub'w_.‘_.(l = .?.TO. .cl'”_qp,,.uh"._.,_.(g == %4()1
fell well outside the range of the confidence limits
of the non-AP group (lower limit =—0.15, upper
limit =0.59), suggesting that the decay task
devised for this study 1s a valid proxy for measuring
AP labelling ability.

Pracedure

Lxperimental procedure. Production task instrue-
tions were analogous to Levitin's (1994, p. 416)
and asked the participant to select a song that she
or he knew well from the provided list and to
atterpt to reproduce the pitches of this song as
accurately as possible from memory. Participants
could sing any part of the song and indicated to
the experimenter which part they had sung. Sung
productions were recorded using Audacity audio
editor.

Participants then completed Part 1 of a musical
background questionnaire. Next, each participant
completed the GEMS-25 while listening to a
recording of the song chosen for the production
task, accessed through either Spotify or YouTube.
All recordings had been preselected to ensure that
the original recorded wversion was avalable for
each song on the production task list.

3 The questionnaire was shared with the other European labs as part of the curmrent general replication project (Schlemmer et al.,

2012).
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Figure 1. Example trial diagram for pitch memory test.

The AP and RP memory test was administered,
followed by production of a second self-selected
song, Part 2 of the questionnaire, and completion
of the GEMS-25 task for the second chosen song.

Analysis. Pitches of the original version of each song
chosen for the production task were transcribed
manually by the experimenter and an additional
rater using online music databases. Sung pro-
ductions  were analysed manually, using the
Melodic Spectrogram feature in Sonic Visualiser,
and automatically using the pitch-tracking algor-
ithm, Zeny (De Cheveigné & Kawahara, 2002).
Minor discrepancies between the manual and auto-
matic analyses were resolved through a subsequent
manual check and were reviewed by the additional
rater.

In accordance with Levitin (1994, p. 416),
octave errors in the production task were not pena-
lized. Sung pitches were normalized such that all

pitches fell within six semitones on either side of

the original recorded pitch. The first pitch sung

by a participant was compared to the first pitch of

the corresponding section of the original version.?
Performance on the latent AP task was measured
as semitone distance of the first sung pitch from

Singlcl Tone ::> Melody 1 ::> M:illcdy :> Singlgl Tone

the original recorded pitch and was rounded to
the nearest semitone, as in Levitin (1994).

Results

Octave-normalized data were tabulated for the
pitch distances between sung productions and the
original recording of each chosen pop song (see
Figure 2). The mode of this disaibution was 0
semitones.

Atotal of 26% of participants sang at the correct
pitch on at least one trial, and one participant sang
at the cormrect pitch level on both trials. Table 1
reports percentages for sung productions at the
exact original pitch level (narrow definition of
latent AP ability) and productions within one semi-
tone of the onginal recorded pitch (wide definition)
for both the present data and Levitn's (1994,
p. 416). This distinction between a narrow and a
wide accuracy level was employed because prior
latent AP research suggests a less refined acuity
than traditional AP labelling. For instance, in rec-
ognition tasks for latent AP ability, task perform-
ance improves substantially when tones within a
semitone distance around the target pitch are con-
sidered as well (e.g., Schellenberg & Trehub, 2003,
Figure 1; Smith & Schmuckler, 2008, Figure 1).

# A second analysis method was employed in which the “most accurate phrase” produced by a participant was compared to the key

of the corresponding phrase of the original recording. The “most accurate phrase” was defined as the first phrase (of ar least 5 notes)
sung by the participant that preserved at least 75% of the correct interval structure. Itwas determined that the results of the rwo analysis
methods did not significantly differ (Watson—Williams two-sample rest, L7 — 0.038, p . .10). As such, only the first sung pirch analy-

sis method was used in the present paper.
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Figure 2. Pitch distarnces (in semitones) between sung productions
and original recordings, cumulated for Trials 1 and 2 (0
semifones — same pitch as the origingl, =1 semitones— 1 semitone
lower, etr.).

The percentages in Table 1 show that production
accuracy In our experiment was generally lower
than that in Levitin's sample. However, chi-
square tests reveal a significant performance differ-
ence only for Trial 1 in the wide definition of AP.

The production data were evaluated using circu-
lar statistics from the R software package, CireStats
(Jammalamadaka & SenGupta, 2001). Circular
statistics are appropriate for these data because of
the cyelical nature of pitch class, which repeats reg-
ularly at the octave (Levitin, 1994). Kuiper's para-
metric test was employed, which assesses the
uniformity of a circular distribution. We  also
tested the specific hypothesis that the mean direc-
tion of the circular data was equal to 0 semitones
using the } test. The circular mean of the data
was (.41 semitones, and the distribution was sig-
mficantly different from uniformity according to
both Kuiper’s test (V= 2.04, p+ 01) and the V
test (R= 15, p, .05).

Correlations were computed between latent AP
task performance and the other 16 experimental
measures in order to select the variables associated
most highly with latent AP accuracy in a princpled
way for subsequent use m a mixed-eflects
regression model.”  Separate correlations were

ABSOLUTE PITCH MEMORY

computed for sung productions at the exact original
pitch level (narrow definition) and for productions
within one semitone of the original recorded
pitch (wide definition). Table 2 reports all corre-
lations, none of which are significant after correct-
ing for multiple testing.

Two binomial (e, logistc) mixed-effects
models were used to predict the correctness of a
sung production as the dependent variable (separate
models for narrow and wide definition), with songs
and participants as crossed random effects. We
included gender, age, musical training, time spent
listening to music, and time spent singing aloud
as predictors to test thewr alleged independence
from latent AP ability as reported by Levitin
(1994). In addition, we included the three variables
most highly correlated with latent AP from the pre-
vious variable selection stage in the model. Both
models are summarized in Table 3. For the
narrow definition model, we found only perform-
ance on the RP task to be a significant predictor.
For the wide definition, performance on the RP
task was again a significant predictor, with the
GEMS-25 subscales nostalgia and peacefulness
also achieving significance (p , .05).

Discussion

Our results have replicated Levitin's (1994) to an
extent, while also identifving factors that may influ-
ence latent AP memory for familiar music.
Significant results of the Kuiper’s and 7 tests indi-
cate that on average the present sample was able to
reproduce the absolute pitches of self-selected
songs close to the original pitch. These findings
are in line with previous research suggesting a wide-
spread distribution of latent AP in the population
(e.g., Halpern, 1989; Schellenberg & Trehub,
2003).

One potential explanation for the lower pro-
duction accuracy than in Levitin’s (1994) study
may be the widespread availability of different ver-
sions of popular songs via the internet. The advent
of YouTube in 2005 provided access to an

5 A mixed effects model is more sensitive than simple correlations by taking into account the repeated-measurement structure of the
data across the two trials and by combining the influences of several predictors in the same model.
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