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Abstract
Most listeners can determine when a familiar recording of music has been shifted in musical key by as little as one semitone 
(e.g., from B to C major). These findings appear to suggest that absolute pitch memory is widespread in the general popula-
tion. However, the use of familiar recordings makes it unclear whether these findings genuinely reflect absolute melody-key 
associations for at least two reasons. First, listeners may be able to use spectral cues from the familiar instrumentation of 
the recordings to determine when a familiar recording has been shifted in pitch. Second, listeners may be able to rely solely 
on pitch height cues (e.g., relying on a feeling that an incorrect recording sounds “too high” or “too low”). Neither of these 
strategies would require an understanding of pitch chroma or musical key. The present experiments thus assessed whether 
listeners could make accurate absolute melody-key judgments when listening to novel versions of these melodies, differing 
from the iconic recording in timbre (Experiment 1) or timbre and octave (Experiment 2). Listeners in both experiments were 
able to select the correct-key version of the familiar melody at rates that were well above chance. These results fit within a 
growing body of research supporting the idea that most listeners, regardless of formal musical training, have robust repre-
sentations of absolute pitch – based on pitch chroma – that generalize to novel listening situations. Implications for theories 
of auditory pitch memory are discussed.

Keywords Absolute pitch · Music cognition · Memory · Generalization

Introduction

Music is omnipresent in everyday life. Regardless of one’s 
affinity toward music, it is difficult to navigate daily activi-
ties (e.g., travel, work, shopping) without hearing recordings 
of popular songs. Adult listeners spend several hours per 
week listening to music (Greasley & Lamont, 2011), and 

music has been estimated to be present in over one-third of 
our waking hours (Juslin et al., 2008). Given that digitized 
recordings are almost always heard at the same pitch level, 
this means that listeners have the opportunity to implicitly 
learn associations between specific recordings and musical 
keys. Although a growing body of research has indeed sug-
gested that most listeners can tell when a familiar record-
ing has been altered in pitch (e.g., Jakubowski et al., 2017; 
Schellenberg & Trehub, 2003; Van Hedger et al., 2018), by 
using the iconic recording it is unclear whether this kind 
of latent pitch memory is grounded in genuine melody-key 
associations, as opposed to other pitch cues (e.g., timbral 
or pitch height cues). By using acoustically novel versions 
of familiar melodies, the present study directly examines 
whether latent pitch memory for familiar melodies is based 
on an implicit understanding of its associated musical key.

Addressing the question of whether listeners have genuine 
melody-key associations has notable implications for linking 
this widespread latent pitch memory with the phenomenon 
of absolute pitch (AP). AP is a rare ability characterized by 
the ability to produce or identify a musical note without the 
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use of an external reference (e.g., Takeuchi & Hulse, 1993, 
Bachem, 1955). AP possessors, unlike the general popula-
tion, form explicit categories based on pitch chroma – the 
quality of a specific note, regardless of the tonal context, 
instrumental timbre, or octave in which the pitch is presented 
(Takeuchi & Hulse, 1993). Non-AP possessors, on the other 
hand, are thought to predominantly listen to music through 
a relative pitch (RP) lens, meaning that their perception of 
a given pitch is influenced largely by the surrounding con-
text of other pitches (Levitin & Rogers, 2005). For example, 
the ability to differentiate notes based on pitch height (e.g., 
understanding a given pitch as “lower” or “higher” than an 
initial pitch) is present in most adults and even in infants as 
young as 6 months (Plantinga & Trainor, 2005). Although 
listeners might develop long-term memory representations 
based on pitch height (e.g., knowing that a flute plays higher 
than a tuba without necessarily having to hear a reference 
sound from a tuba), this form of pitch memory is considered 
to be distinct from “genuine” AP representations based on 
pitch chroma (e.g., Bachem, 1937; Kim & Knösche, 2016, 
2017), in part because it involves coarse judgments based 
on extreme differences in pitch height. However, studies in 
the literature clarify that AP possessors do rely at least in 
small part on other mechanisms when making their pitch 
judgments. For example, among AP possessors, perfor-
mance has been observed to vary as a function of several 
factors, including instrumental familiarity, harmonic com-
plexity, octave register, and even whether the notes are sung 
versus produced non-vocally (see Lockhead & Byrd, 1981; 
Miyazaki, 1989; Sergeant, 1969; Oxenham, 2012; Vanzella 
& Schellenberg, 2010). The meaningful variability in perfor-
mance suggests that AP ability itself exists as a continuum 
(Levitin & Rogers, 2005); while some AP possessors have 
very strong constructs for pitch chroma, others may be some-
what weaker, such that one would see a greater reliance on 
other acoustical cues. It is important to emphasize that even 
though evidence suggests AP possessors use all auditory 
information available to them in musical contexts to identify 
pitches, the judgments are based fundamentally in represen-
tations of chroma, and the degree of reliance on these sec-
ondary cues is far less than absolute, and varies situationally.

Despite the fact that the vast majority of people do not 
have AP, an accumulating body of research has shown that 
most listeners have remarkably fine-grained memory repre-
sentations for absolute pitches, at least when tested in more 
ecologically valid contexts. Participants given a production 
task asking them to sing the first notes of familiar melodies 
showed high levels of consistency in starting pitch, even 
when experimental sessions took place days apart (Halp-
ern, 1989). Levitin (1994) found that when individuals were 
asked to hum a few bars from a self-selected well-known 
recording, they started on the correct absolute pitch at a rate 
significantly higher than chance. A more recent large-scale 

follow-up study replicated the findings of Levitin (1994), 
although reported overall lower effect sizes than the original 
study (Frieler et al., 2013). Taken together, these findings 
suggest that individuals are consistent in their production 
of musical melodies and spontaneously reproduce familiar 
melodies in the correct musical key at a rate that is signifi-
cantly above chance.

In addition to these production-based tasks involving 
singing or humming, several studies show that listeners 
also demonstrate robust absolute pitch memory for familiar 
recordings when tested in perceptually based paradigms. For 
example, in an early investigation of absolute pitch memory 
for familiar pieces of music, Terhardt and Seewann (1983) 
found that, when presented with two versions of excerpts 
from Bach’s The Well-Tempered Clavier, listeners were able 
to select the nominally correct version (i.e., the version in 
the correct musical key) versus alternatives that were shifted 
by as little as one semitone. In the same study, the research-
ers modified the piano recordings so that the pieces were 
presented again with a computerized, synthetic timbre. They 
found similar performance despite the timbral manipulation, 
indicating that the level of accuracy achieved by the musi-
cians was due to pitch and not another cue, such as famili-
arity with the particular instrument. However, the partici-
pants in Terhardt and Seewann (1983) were all highly trained 
musicians, with 11 possessing AP. As such, from these find-
ings it is unclear whether this generalization across instru-
mental timbre is a general feature of absolute pitch memory 
for familiar recordings, or whether this kind of generaliza-
tion is limited to individuals with significant musical train-
ing. Subsequent research has clearly shown that absolute 
pitch memory for well-known recordings does not require 
extensive musical training (e.g., Jakubowski et al., 2017; 
Schellenberg & Trehub, 2003; Van Hedger et al., 2018). 
However, these studies have tested pitch memory by present-
ing participants with iconic recordings of familiar melodies 
(e.g., the same recording that one would hear outside of the 
experiment, when listening to the radio or watching televi-
sion). As a result, these studies do not clarify how broadly 
listeners can judge and remember familiar melodies based 
on pitch chroma specifically, as opposed to other sources of 
information such as instrumentation or pitch height. In order 
to more conclusively determine whether listeners are using 
pitch chroma in these judgments, it is necessary to system-
atically eliminate these additional sources of information.

To investigate the extent to which pitch memory for 
familiar melodies reflects an understanding of pitch chroma, 
the present study assesses how pitch memory for familiar 
melodies (e.g., taken from popular songs heard on the radio) 
generalizes across both timbre and octave. Although prior 
research has demonstrated timbre generalization using a 
similar paradigm (Terhardt & Seewann, 1983), it is unclear 
whether these findings generalize beyond individuals with 
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significant musical training. Moreover, even if timbre gener-
alization is widespread in the population, this does not mean 
that participants are necessarily relying on pitch chroma, as 
they still could be using pitch height to make judgments. 
Similar to theoretic approaches to operationalizing genuine 
AP, we reason that the inclusion of both timbre and octave 
generalization is a critical test of pitch chroma (e.g., see 
Bongiovanni et al., 2023).

Across two experiments, we adopt a forced-choice para-
digm, in which participants hear two versions of a famil-
iar melody and judge which one sounds correct (i.e., more 
similar to the version heard outside of the experiment). In 
Experiment 1, we specifically investigated how timbral cues 
influence pitch memory by asking participants to judge 
novel, instrumental versions of popular melodies. In Experi-
ment 2, we investigated how both timbral and pitch height 
cues influence pitch memory by presenting novel versions of 
popular melodies, presented either in the correct octave reg-
ister or shifted in register by one octave (either up or down). 
If participants’ memories for popular songs are grounded in 
an implicit understanding of pitch chroma (i.e., an implicit 
understanding of the musical key of the song), then they 
should be able to generalize across timbre and octave and 
select the correct version above chance. In contrast, if partic-
ipants in previous studies were relying on auditory cues out-
side of chroma (e.g., instrumentation or a general sense of 
pitch height), then performance is expected to be at chance 
in both experiments. Overall, these two experiments aid our 
understanding of the nature of pitch memory representation 
among the general population, and specifically among non-
AP possessors without musical training.

Experiment 1

Method

Participants

Fifty-eight University of Chicago undergraduate students 
were recruited for the experiment. Three participants self-
reported possessing AP and were thus excluded from the pri-
mary analyses, leaving 55 participants (Mage = 19.49 years, 
SD = 1.15, range 18–24 years). There were 28 participants 
in the “Perceptually Rich” condition and 27 participants 
in the “Perceptually Sparse” condition. Sample size was 
based on prior work examining pitch memory for popular 
recordings among adults – specifically, Experiment 1 of 
Schellenberg and Trehub (2003). This experiment, which 
assessed pitch memory for highly familiar songs similar to 
the present experiment, found a large effect size (d = 1.16). 
Given that such a large effect size was considered unlikely 
given the acoustic manipulations of the present experiment, 

we ensured that each condition was adequately powered (> 
.80) to detect deviations from chance with an anticipated 
moderate effect size (d = 0.58), half of that found by Schel-
lenberg and Trehub (2003). Participants were not specifi-
cally recruited for their musical backgrounds; however, a 
majority (89.1%) of participants reported at least some for-
mal musical training (M = 5.87 years, SD = 4.38, range 0–18 
years). All participants provided informed consent and were 
compensated with course credit. The research protocol was 
approved by the University of Chicago Institutional Review 
Board.

Materials

The 40 popular recordings were the same as those reported 
by Van Hedger et al. (2018) and consisted of 20 popular 
songs (e.g., Billboard Top 40) and 20 popular movie and 
television themes (see Table S1 in Online Supplemental 
Material (OSM)). A pilot group of ten University of Chicago 
undergraduates (who did not participate in the Experiment 
1) rated these 40 recordings as highly familiar, providing a 
mean rating of 4.11 (SD = 0.53) on a Likert scale ranging 
from 1 (not at all familiar) to 5 (extremely familiar).

The stimuli for the “Perceptually Rich” condition were 
selected by searching for skillful cover versions of the popu-
lar recordings on YouTube. The key of each recording was 
verified to match with the iconic recording by the authors. 
For example, the cover version of “Piano Man” by Billy Joel 
was verified to be in the key of C major, as this is the key 
from the iconic recording of the song. Similar to Van Hedger 
et al. (2018), each cover was of variable length (M = 11.18 
s, SD = 2.83 s). The variable length was to ensure that the 
recording did not cut off a musical phrase. The pitch of each 
cover was manipulated in Audacity (Audacity Team, 2021) 
using the built-in “Change Pitch” function, resulting in five 
versions of each cover recording (correct pitch, ± 1 semi-
tone shift, and ± 2 semitone shift). To prevent participants 
from using audio quality as a cue for selecting the correct 
version of each recording, all recordings were run through 
the pitch-shifting algorithm twice. For example, stimuli that 
were shifted in pitch by two semitones were shifted by ± 1 
semitone two times, stimuli that were shifted in pitch by 
one semitone were shifted by ± 0.5 semitone two times, and 
stimuli that were presented in the correct key were either 
shifted by +1 followed by -1 semitones (or -1 followed by 
+1 semitones). Although this pitch-shifting approach was 
meant to minimize auditory quality differences across the 
different versions of the songs, it is possible that there were 
still some small perceptible differences that could have facil-
itated participants choosing the correct version of each song. 
However, prior research using this pitch-shifting algorithm 
(e.g., Schellenberg & Trehub, 2003; Van Hedger et al., 2018) 
has shown that participants are statistically at chance when 
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judging unfamiliar songs, which suggests that any auditory 
quality differences that may exist across song versions are 
minimal and do not influence the accuracy of judgments. 
Each rich cover stimulus was digitized at 44.1 kHz with 
16-bit depth and normalized to -20 dB Full Spectrum.

The stimuli for the “Perceptually Sparse” condition were 
created by the first author and a research assistant using 
Reason music production software (Propellerhead, Stock-
holm, Sweden). Each stimulus was a monophonic (i.e., one-
note-at-a-time) representation of the melodic line from each 
recording, recorded with a grand piano timbre. The sparse 
cover stimuli were also of variable length and were longer 
than the rich cover stimuli (M = 18.92 s, SD = 4.98 s), which 
was done to allow participants a greater amount of time to 
recognize the melody given the sparse nature of the stimuli. 
Given that the recordings were represented in MIDI format, 
the sparse covers were simply transposed in key by one or 
two semitones prior to exporting as an audio file. Five ver-
sions of each sparse cover were created (correct key, ± 1 
semitone shift, and ± 2 semitone shift). Similar to the rich 
covers, each sparse cover stimulus was digitized at 44.1 kHz 
with 16-bit depth and normalized to -20 dB Full Spectrum.

The experiment was programmed in E-Prime 2.0 (Psy-
chology Software Tools, Sharpsburg, PA, USA). Participants 
listened to the sounds through Sennheiser HD570 circumau-
ral headphones.

Procedure

After providing informed consent, participants were intro-
duced to the main task. Participants were specifically 
instructed that they would be hearing “cover” versions of 
popular musical melodies. Specifically, participants were 
told that they would hear two cover versions of a melody 
and would have to judge whether the first or the second was 
correct. Correctness was defined as sounding more like the 
“original” (iconic) version of the melody. To ensure that 
participants were familiar with what was meant by “cover” 
versions, participants were presented with an example stimu-
lus from a song not tested in the main task.

Participants then completed the main task, which con-
sisted of 40 trials. On each trial, participants heard the two 
versions of the cover recording and then made a forced-
choice judgment as to whether the first or the second ver-
sion was correct. Participants were additionally asked to rate 
their familiarity with the melody on a 5-point scale, ranging 
from 1 (not at all familiar) to 5 (extremely familiar). The 
incorrect version of the melody could either be one semitone 
too high (25% of trials), two semitones too high (25% of tri-
als), one semitone too low (25% of trials), or two semitones 
too low (25% of trials). These incorrect trial types were not 
randomly assigned to melodies, but rather were pseudo-
randomly determined through different counterbalanced 

versions of the experiment. Specifically, there were four ver-
sions of the experiment, counterbalanced across participants, 
to ensure that each melody was heard with each incorrect 
version across all participants. Trial order in the main task 
was randomized, and ordering of the correct stimulus (first 
vs. second) was counterbalanced.

Following the main task, participants completed a basic 
demographic and musical experience questionnaire. The 
demographic questionnaire assessed participants’ age 
and gender. From the music experience questionnaire, we 
extracted (1) whether participants still actively played a 
musical instrument, (2) the reported number of years of 
musical training, and (3) the extent to which participants 
listened to popular music, expressed as a percentage of their 
total music listening. After the questionnaire, participants 
were provided with a debriefing form and given course 
credit.

Data analysis

Before performing the primary analyses, we first removed 
trials in which participants reported no familiarity with 
the melody. This decision was justified because this form 
of pitch memory relies on at least some prior familiarity 
with the iconic recording (e.g., see Schellenberg & Trehub, 
2003). On average, participants reported at least some prior 
familiarity on a majority of trials (73.7%), which is relatively 
high considering (1) the novel nature of the recordings used 
in the experiment and (2) the fact that participants were not 
provided with any explicit information about the melody 
(e.g., song title or artist) during the experiment.

To assess whether participants were above chance in 
identifying the “correct” version of the cover recording, we 
used one-sample t-tests and Bayesian equivalents, calculated 
in JASP (Marsman & Wagenmakers, 2017). These analyses 
tested mean accuracy against a 50% chance estimate. The 
Bayesian analysis provided a Bayes Factor  (BF10), which 
quantifies the relative evidence in favor of the alternative 
hypothesis compared to the null hypothesis. For example, 
a  BF10 of 10 would mean that the alternative hypothesis is 
10 times more likely than the null given the data, whereas a 
 BF10 of 0.10 would mean that the alternative hypothesis is 
one-tenth as likely as the null given the data.

We then modeled performance accuracy as a function 
of (1) condition, (2) self-reported familiarity with the 
melody, (3) whether the incorrect version was smaller (± 
1 semitone) or larger (± 2 semitones) in size, (4) the num-
ber of years of reported musical training, (5) whether a 
participant actively played a musical instrument, and (6) 
the extent to which participants listened to popular music. 
We modeled trial-by-trial data and thus used a general-
ized linear mixed-effects model with a binomial link (as 
the dependent response was either 0 or 1 for incorrect or 
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correct) using the “lme4” package (Bates et al., 2015). 
Participants were modeled with random intercepts. We 
planned to model the random intercept of melody as well, 
but singularity warnings suggested that the model was 
overfit with this term. The significance of the terms in the 
mixed-effects model was assessed in two primary ways. 
First, we used the associated p-values with each term in 
the model. Second, we calculated Bayes Factors for each 
fixed effect in the model. Bayes Factors were calculated 
by comparing the null model with a model that included 
the fixed effect.

Results

Testing performance against chance

Overall, participants selected the correct version of the 
recording 59.7% (SD = 11.3%) of the time, which was sig-
nificantly higher than the chance estimate of 50%, t(54) = 
6.39, p < .001, d = 0.86,  BF10 = 3.27e5. Additionally, both 
the rich and sparse cover conditions were independently 
above chance. Mean accuracy in the rich cover condition 
was 61.9% (SD = 11.0%), t(27) = 5.75, p < .001, d = 1.09, 
 BF10 = 4848. Mean accuracy in the sparse condition was 
57.4% (SD = 11.3%), t(26) = 3.40, p = .002, d = 0.65, 
 BF10 = 17.10. Figure 1 represents overall performance 
across both rich and sparse cover conditions.

Predicting performance based on measured factors

Table 1 provides a summary of each fixed-effect term from 
the mixed-effects analyses. In the full model, there were no 
significant effects. The effect of condition (sparse vs. rich 
covers) was marginally significant; however, the Bayes Fac-
tor analysis did not support the inclusion of this term com-
pared to an intercept-only null model.

Discussion

Experiment 1 provides evidence that listeners can accu-
rately judge the musical key of novel instances of familiar 
melodies. In both the rich and sparse cover conditions, par-
ticipants were well above chance in selecting the “correct” 
version of the familiar melody, which is notable considering 
the specific recordings were very likely novel to participants 
in the rich cover condition and guaranteed to be novel in the 
sparse condition (given that they were created specifically 
for the present experiment). Moreover, it is notable that par-
ticipants’ performance in both conditions was statistically 
comparable, given that the sparse covers were monophonic 
renditions of the familiar recordings and thus was essen-
tially stripped of any additional harmonic or timbral cues 
that could have aided listeners. Thus, the above-chance per-
formance observed for the sparse covers in particular sug-
gest that listeners have a more generalized association of 
melodies with specific musical keys and can make absolute 
melody-key (chroma) judgments in novel and controlled 
listening conditions. Taken together, Experiment 1 demon-
strates that absolute memory for popular melodies cannot 
be entirely explained via an alternative, non-absolute pitch 
account such as sensitivity to shifted spectral information.

Fig. 1  Accuracy for both rich and sparse cover conditions in Experi-
ment 1. Note: Each condition displays the mean and standard error 
(left), individual participant points (middle), and density plots of how 
performance was distributed (right). The dotted horizontal line repre-
sents chance performance

Table 1  Results of the mixed-effects models from Experiment 1

The beta coefficients (B), standard errors (SE), and p-values (p) are 
all taken from a full model that included all fixed effects. In contrast, 
the Bayes Factors  (BF01) were calculated by comparing a null model 
with a model that contains each fixed effect considered separately. 
Fr example, the BF01 for Condition was calculated by comparing an 
intercept-only model to a model containing both intercept and Condi-
tion. For interpretability, we report  BF01, which provides the relative 
evidence in favor of the null model compared to the model with the 
fixed-effect term. Random intercepts of participants were modeled in 
all cases

Term B SE p BF01

Condition -0.21 0.12 .089 5.74
Familiarity 0.03 0.05 .534 14.02
Shift Magnitude -0.14 0.10 .184 7.66
Music Training 0.04 0.07 .521 7.05
Active Musician 0.26 0.17 .135 3.92
Pop Music Listening 0.14 0.24 .570 9.26
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Yet, Experiment 1 cannot conclusively rule out the pos-
sibility that participants were using non-chroma-related 
strategies in making their judgments. Most notably, the 
cover recordings in both the rich and sparse conditions were 
almost exclusively in the same octave as the original, iconic 
recording. Consequently, the fundamental frequencies of the 
melodic lines in the present experiment were largely identi-
cal to the iconic recordings. This is problematic for inter-
preting the results in terms of absolute pitch representations 
because pitch height and chroma cannot be disentangled. 
Critically, if these absolute pitch representations are similar 
to those observed in genuine AP, then listeners should be 
able to make accurate judgments of familiar melodies even 
when they are shifted in octave from the original, iconic 
recordings (as musical key is based on pitch chroma and 
independent of pitch height). Alternatively, if participants 
cannot make absolute judgments when the melodies are 
shifted in octave, this suggests a different kind of pitch rep-
resentation based on pitch height and not chroma. Experi-
ment 2 tests these possibilities by systematically varying 
the octave in which familiar melodies are presented across 
participants.

Experiment 2

Method

Participants

We recruited 200 participants from Amazon Mechanical 
Turk and 183 were included in the primary analyses (Mage 
= 34.04 years, SD = 9.81, range 20–65 years). Participants 
were excluded if they failed the auditory attention check 
(n = 9), self-reported possessing AP (n = 4), or did not 
recognize at least 50% of the melodies (n = 5). In total, 60 
participants were included in the standard-octave condition, 
63 participants were in the high-octave condition, and 60 
participants were in the low-octave condition. Sample size 
was initially determined based on an a priori power analysis 
outlined in the preregistration, in which we determined that 
a sample size of 50 participants per condition would result 
in statistical power of .90 assuming a mean accuracy of 55% 
(which was considered to be the smallest meaningful effect 
of interest, as it represents exactly one trial above chance, 
11 of 20). We slightly increased the sample size relative to 
the preregistration plan (see section Deviations from prereg-
istration) in part to ensure that, after participant exclusions, 
we would have a minimum of 50 participants in each condi-
tion. Participants had variable amounts of musical training, 
with 57.9% reporting at least some musical training and only 
18.0% reporting actively playing music. Although the mean 
number of years of reported musical training was 4.26 years 

(SD = 7.71 years), the median and modal response was zero 
years of musical training, suggesting that a small number of 
participants reported high amounts of musical training. All 
participants had a minimum 90% prior approval rating and 
a minimum of 50 prior completed assignments on Mechani-
cal Turk. The protocol was approved by the University of 
Chicago Institutional Review Board.

Materials

We selected 20 melodies for use in the present experiment. 
The melodies were a subset of the 40 melodies used in 
Experiment 1 (see Table S2 in the OSM for a complete list). 
The total number of tested melodies was reduced in an effort 
to keep the experiment relatively short given the online 
sample. Similar to the sparse cover condition from Experi-
ment 1, each melody was recorded monophonically using a 
grand piano timbre. Each melody was represented in MIDI 
format, meaning that the key shifts and octave shifts could 
be done via transposing the MIDI file prior to exporting it 
as an audio file. This is especially advantageous given the 
present approach of varying octave, in which such extreme 
shifts in auditory frequency would be more likely to result 
in noticeable auditory artifacts. Given the approach of the 
present experiment, there were nine versions of each melody, 
as melodies could be presented in three octaves (standard, 
high, low) and, within each octave condition, each melody 
had three versions (correct key, +1 semitone, -1 semitone). 
Unlike Experiment 1, all melodies had a fixed duration of 
10 s with a 500-ms linear fade out. All recordings were digi-
tized at 44.1 kHz with 16-bit depth and normalized to -20 dB 
Full Spectrum. The experiment was programmed in jsPsych 
6 (de Leeuw, 2015).

Procedure

Upon clicking on the experiment link, participants were 
randomly assigned to either the standard, higher, or lower 
octave condition. Participants first provided informed con-
sent by pressing a keyboard button acknowledging that they 
had read the consent form and agreed to participate in the 
experiment. Following the consent procedure, participants 
completed a short auditory calibration. This calibration 
involved playing a 30-s noise and allowing participants to 
adjust their computer’s volume to ensure the noise, which 
was normalized to the same level as the melodies, was being 
played at a comfortable volume.

Following the auditory calibration, participants were 
introduced to the main task. Participants were instructed 
that they would hear two versions of well-known melodies, 
played on a piano, and would have to determine which ver-
sion was “correct.” Participants were not specifically alerted 
to the between-participant manipulation of octave. Rather, 
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participants were told that one of the two versions would 
always be correct and that they should rely on their best 
guess if they were not sure.

The main pitch judgment task had the same structure 
regardless of octave condition. There were 20 total tri-
als, representing the 20 melodies used in the experiment 
(presented in a randomized order). Each trial began with a 
written prompt of the melody participants would hear (e.g., 
“You will now hear two versions of [Artist’s] [Song Title]”). 
We decided to provide participants with information about 
the melody because we did not want participants to spend 
time trying to determine whether the melody was familiar to 
them. Additionally, providing a written cue about the melody 
was not hypothesized to influence absolute pitch memory, 
as it in no way alerted participants as to which version was 
correct. After participants received the information about 
the melody, they pressed a button to initiate the playing of 
both melodies. Participants heard two versions of each mel-
ody, with the correct version appearing in the first position 
50% of the time. The incorrect version of the melody was 
either one semitone too high (50% of trials) or one semitone 
too low (50% of trials). Following the presentation of both 
melodies, participants were asked to make a forced-choice 
judgment about which version sounded correct. Participants 
then rated their familiarity with the melody by clicking on 
one of five possible options (not at all, slightly, somewhat, 
moderately, extremely). If a participant responded with not 
at all, the trial was discarded from analysis. If a participant 
responded with not at all to ten or more trials, they were 
excluded from subsequent analyses.

Immediately following the main pitch judgment task, par-
ticipants were given an auditory attention check. Participants 
heard an auditory prompt to click on one of three marked 
buttons on the screen. There were two auditory attention 
trials, and participants had to pass both to be included in the 
main analyses.

Following the auditory attention check, participants com-
pleted a short questionnaire. In this questionnaire, partici-
pants were asked to provide basic demographic information 
(age, gender, and ethnicity), as well as information related 
to their musical background. All participants were asked 
whether they had ever played a musical instrument (voice 
included), whether they currently play a musical instru-
ment, and whether they possess absolute pitch. Participants 
who reported ever playing a musical instrument were asked 
additional questions about the number of years of formal 
musical training they received, their primary musical instru-
ment, and the age at which they first began musical instruc-
tion. If a participant reported possessing AP, they were 
excluded from the analyses. Participants were additionally 
asked about the strategies they used during the main task. 
Options included “Quietly humming / singing along with 
the recording,” “Imagining humming / singing along with 

the recording,” “Imagining the 'correct' recording playing in 
your mind's ear,” and “Relying on a 'gut' feeling.” Partici-
pants provided a yes/no response to each of these potential 
strategies and could select more than one. Additionally, par-
ticipants were given the space to outline a different strategy 
they used that was not listed. Following the questionnaire, 
participants were given a unique completion code, given 
information about the purpose of the study, and paid for 
their participation.

Data analysis

Testing performance against chance To test whether par-
ticipants were above the chance estimate of 50%, we used 
one-sample t-tests and Bayesian equivalents, calculated in 
JASP. We also non-parametrically assessed how many par-
ticipants had a mean accuracy that was above 50% using a 
non-parametric binomial test and Bayesian equivalent, con-
ceptually similar to prior reports of AP memory for familiar 
melodies (Schellenberg & Trehub, 2003). For the binomial 
test, we excluded participants who scored exactly 50% and 
assessed the relative proportion of remaining participants 
who were above chance (vs. below chance). We conducted 
these analyses separately for each octave condition (stand-
ard, high, low) to assess whether each condition was inde-
pendently above chance.

Assessing effects of octave condition (ANOVA) To test 
whether participants in the octave-shifted conditions (i.e., 
high, low) differ from participants in the standard-octave 
condition, we first implemented a one-way analysis of vari-
ance (ANOVA) and Bayesian equivalent, with mean accu-
racy as the dependent variable and octave group as the inde-
pendent variable.

Additionally, in order to disentangle pitch height and 
chroma contributions to performance, we constructed a two-
way mixed ANOVA and Bayesian equivalent, with mean 
accuracy as the dependent variable. In this analysis, we only 
considered shifted octave groups (low vs. high, between-
participant factor) and shift direction of the incorrect melody 
(+1 semitone vs. -1 semitone, within-participant factor). If a 
significant interaction were observed, post hoc tests assessed 
if the higher octave leads to better accuracy when the incor-
rect version is shifted by +1 semitone or, conversely, if the 
lower octave leads to better accuracy when the incorrect ver-
sion is shifted by -1 semitone. Such a pattern would indicate 
that pitch height is influencing participant responses. Fur-
ther, we determined the degree to which semitone direction 
accuracy significantly deviates from chance. For example, 
if participants in the lower-octave condition are significantly 
above chance when the incorrect melody is flat, but signifi-
cantly below chance when the incorrect melody is sharp, this 
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would suggest that pitch height is dominant over chroma in 
making an implicit pitch memory judgment.

Assessing effects of octave condition (GLMM) Finally, we 
replicated the ANOVA analyses using generalized linear 
mixed-effects models (GLMMs). In an initial model, we just 
include octave condition (with the standard octave condi-
tion serving as the reference category). Significant effects 
of octave would reflect significant deviations in pitch mem-
ory accuracy compared to the standard octave condition. 
This model included random intercepts for melody. In a 
secondary model, we assessed if octave condition interacts 
with semitone direction by including semitone direction in 
the model. We only considered participants in the incor-
rect octave conditions, similar to the above ANOVA. This 
model included random intercepts for both participant and 
melody. Finally, for both of these models we added music 
experience (number of years of playing), melody familiarity, 
demographic information, and self-reported strategy infor-
mation (coded as 1 or 0 in terms of whether the strategy was 
reported) in an exploratory fashion to see if this additional 
information results in a better-fitting model (assessed via 
Bayes Factors).

Deviations from preregistration

There were two main deviations from the preregistration of 
the project. The first was related to the sample size, which 
was higher (n = 200) than what was outlined in preregistra-
tion (n = 150). The larger sample size was collected because 
of a change in the availability of funds, to increase statistical 
power, and updated expectations with regard to the antici-
pated proportion of participants that would be excluded in 
an online setting. With a minimum sample size of 60 in each 
condition, we are adequately powered (1-β = 0.80) to detect 
small-to-medium effect sizes (d = 0.325).

The second deviation was related to the program used 
to code the experiment (jsPsych). This change was imple-
mented due to increased expertise in jsPsych experimental 
programming by the first author. Ultimately, we decided 
to use jsPsych because it provides greater flexibility with 
respect to how it can be served online, and it does not require 
a specialized license to run over the web.

Results

Testing performance against chance

Mean performance across all conditions is plotted in Fig. 2. 
Mean performance in the standard-octave condition was 
55.1% (SD = 11.7%), which was significantly above the 
chance estimate of 50%, t(59) = 3.40, p < .001, d = 0.44, 
 BF10 = 22.61. This provides a replication of the sparse cover 

condition from Experiment 1. Critically for the hypotheses 
of the present experiment, we also observed above-chance 
performance for both of the shifted octave conditions. Mean 
performance in the higher-octave condition was 57.5% (SD 
= 11.6%), which was significantly above the chance esti-
mate of 50%, t(62) = 5.12, p < .001, d = 0.64,  BF10 = 
5280. Mean performance in the lower-octave condition 
was 54.6% (SD = 9.9%), which was significantly above the 
chance estimate of 50%, t(59) = 3.57, p < .001, d = 0.46, 
 BF10 = 36.48.

The non-parametric binomial tests additionally provided 
evidence that each octave condition was independently 
above chance. In the standard-octave condition, 34 of 52 
analyzable participants (65.4%) scored above chance, p = 
.036,  BF10 = 1.99. In the higher-octave condition, 45 of 58 
analyzable participants (77.6%) scored above chance, p < 
.001,  BF10 = 1548. In the lower-octave condition, 37 of 52 
analyzable participants (71.2%) scored above chance, p = 
.003,  BF10 = 18.96.

Assessing effects of octave condition (ANOVA)

In the one-way ANOVA, the effect of octave condition 
was not significant, F(2,180) = 1.18, p = .311, η2= .013, 
 BF10 = 0.16. The Bayes Factor suggests that the null model 
(i.e., the model that does not contain octave condition) is 
approximately 6.25 times more likely than the model con-
taining octave condition (i.e., 1 / 0.16). Given the nonsig-
nificant effect of octave condition, post hoc analyses were 
not performed.

Fig. 2  Accuracy across all three octave conditions in Experiment 
2. Note: Each condition displays the mean and standard error (left), 
individual participant points (middle), and density plots of how per-
formance was distributed (right). The dotted horizontal line repre-
sents chance performance
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The two-way mixed ANOVA, which coded for the incor-
rect melody shift (-1 semitone, +1 semitone) as a repeated 
measure and shifted octave condition (low, high) as a 
between-participant factor, showed a marginally significant 
main effect of semitone shift, F(1,121) = 3.08, p = .082, 
η2= .024,  BFInclusion = 1.36. This effect was characterized 
by overall lower performance when the incorrect version of 
the melody was -1 semitone (M = 54.0%, SD = 16.4%) as 
compared to +1 semitone (M = 58.2%, SD = 17.9%). There 
was also a significant interaction (Fig. 3) between condition 
and semitone shift, F(1,121) = 5.81, p = .017, η2= .045, 
 BFInclusion = 2.17, suggesting the relative disruption of hear-
ing a +1 versus -1 semitone foil depended on the octave 
condition. Consistent with our predictions, participants in 
the higher-octave condition showed relatively better perfor-
mance when the incorrect foil was +1 semitone compared 
to -1 semitone. In contrast, participants in the lower-octave 
condition displayed the opposite pattern, in which perfor-
mance was better when the foil was -1 semitone compared 
to +1 semitone.

Follow-up assessments of the condition-by-semitone-
shift interaction provided some evidence that participants 
were not statistically above chance when the foil melody 
was closer in AP height to the iconic recording (i.e., when 
the foil was shifted by +1 semitone in the lower-octave 
condition and -1 semitone in the higher-octave condi-
tion). Participants in the lower-octave condition selected 
the correct melody 55.4% of the time when the foil was 
shifted by -1 semitone, which was statistically above the 
chance estimate, t(59) = 2.64, p = .011, d = 0.34,  BF10 = 
3.35. In contrast, participants in the lower-octave condition 

selected the correct melody 53.9% of the time when the 
foil was shifted by +1 semitone, which was not statistically 
above chance, t(59) = 1.66, p = .102, d = 0.22,  BF10 = 
0.52. The effect of semitone shift in the higher-octave con-
dition was even more striking. Participants in the higher-
octave condition selected the correct melody 62.2% of the 
time when the foil was shifted by +1 semitone, which was 
robustly above chance, t(62) = 5.75, p < .001, d = 0.72, 
 BF10 = 4.89e4. In contrast, when the foil was shifted by 
-1 semitone, participants in the higher-octave condition 
selected the correct melody 52.7% of the time, which was 
not above the chance estimate, t(62) = 1.25, p = .216, d = 
0.16,  BF10 = 0.29. In sum, these analyses demonstrate that 
participants were not statistically above chance when the 
incorrect “foil” melody was shifted closer in AP height to 
the iconic recording of the melody.

Assessing effects of octave condition (GLMM)

The GLMMs were conceptually aligned with the ANO-
VAs. The GLMM that only included octave condition did 
not show a significant effect of octave condition. Perfor-
mance in the higher-octave condition, B = 0.12, SE = 
0.09, p = .171, and performance in the lower-octave con-
dition, B = -0.01, SE = 0.09, p = .938, did not differ rela-
tive to the standard-octave condition, which was used as 
the reference level. The expanded model, which included 
age, years of musical training, self-reported task strate-
gies, and melody familiarity only included one significant 
term: melody familiarity, B = 0.09, SE = 0.04, p = .013. 
However, the simpler model (i.e., only containing octave 
condition and the random effects) was still favored over the 
full model,  BF10 = 7.49e-6, suggesting that these measures 
did not explain variance in performance.

The GLMM examining whether performance differed 
as a function of the incorrect melody shift (-1 semitone 
vs. +1 semitone) and condition (higher-octave vs. lower-
octave) also conceptually replicated the ANOVA. There 
was a main effect of incorrect melody shift, B = 0.38, SE 
= 0.12, p = .002, with overall higher performance when 
the melody was shifted by +1 semitone compared to -1 
semitone. There was additionally a significant interaction 
between incorrect melody shift and condition, B = -0.42, 
SE = 0.17, p = .015. The main effect of octave condi-
tion was not significant, B = 0.08, SE = 0.12, p = .498. 
Melody familiarity in the expanded model was marginally 
significant, B = 0.08, SE = 0.04, p = .061. All of the other 
expanded measures (age, years of musical training, self-
reported task strategies) were nonsignificant, and the sim-
ple model – containing just incorrect melody shift, octave 
condition, and the random effects – provided a better fit of 
the data,  BF10 = 1.69e-5.

Fig. 3  Interaction of incorrect melody version and octave condition in 
Experiment 2. Note: Error bars represent ± 1 standard error of the 
mean. Trial type refers to the manner in which the incorrect version 
of the melody (i.e., the “foil”) was shifted – either higher in pitch by 
one semitone or lower in pitch by one semitone
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Discussion

Experiment 2 demonstrates that participants can generalize 
across octaves in determining whether a familiar melody 
is being played in the correct key. Generalization across 
octaves is an important feature of any memory representa-
tion based on pitch chroma (as opposed to pitch height), 
and therefore the present results demonstrate that pitch 
memory for well-known melodies is based on an under-
standing of pitch chroma, similar to the phenomenon of AP 
(e.g., Takeuchi & Hulse, 1993). Grounding these results in 
the two-stage model of AP processing (Levitin & Rogers, 
2005), which dissociates pitch memory from pitch labeling, 
our findings suggest that assessments based on familiar, 
iconic recordings have construct validity in representing AP 
memory based on chroma.

Yet, our findings additionally suggest that listeners’ judg-
ments cannot be entirely explained in terms of pitch chroma 
memory. Specifically, we found systematic biases in par-
ticipant responses, based on the semitone shift of the foil 
melody, in a manner consistent with the use of pitch height. 
Given the design of the experiment, however, it should be 
noted that a strategy that solely relied on pitch height would 
yield at-chance performance (as participants would score 
100% when the foil was farther in pitch height and 0% when 
the foil was closer to the pitch height to the iconic record-
ing). Thus, the pattern of responses can be best described in 
terms of a hybrid approach, in which both pitch chroma and 
pitch height contribute to the judgment of familiar melodies.

General discussion

The present study demonstrates that individuals’ AP mem-
ory for well-known melodies clearly generalizes to novel 
instances. Participants in all conditions across experiments 
were significantly above chance in selecting the “correct” 
version of a familiar melody based on key. Specifically, we 
saw evidence for generalization across instrumental timbre 
in both experiments, even when melodies were represented 
as simplified monophonic recordings. Critically, Experiment 
2 demonstrated participants’ ability to generalize to a novel 
octave, meaning judgments of popular melodies cannot be 
entirely explained by using listening strategies related to 
pitch height. These findings, taken together, suggest that 
listeners’ AP representations for familiar melodies appear 
to be based on pitch chroma, and thus have similar properties 
to musical note categories of genuine AP possessors.

These results inform broader models of pitch memory in 
humans, such as the influential two-step mode of AP, which 
distinguishes pitch memory from pitch labeling (Levitin 
& Rogers, 2005). Pitch memory is considered to be wide-
spread, normally distributed, and implicitly learned through 

environmental exposure, for example via statistical learning 
mechanisms (e.g., Saffran et al., 2005). Pitch labeling, in 
contrast, is a rare ability thought to distinguish genuine AP 
possessors from non-AP possessors, and the nature of its 
distribution among the general population (e.g., as a dichoto-
mous or continuously distributed ability) is actively debated. 
For example, Athos et al. (2007) makes a strong claim that 
AP is dichotomous, whereas other studies (Bermudez & 
Zatorre, 2009; Van Hedger et al., 2020) provide evidence 
that AP is a more continuously distributed ability.

From this two-step model, it is reasonable to predict that 
only pitch-labeling abilities would afford clear octave and 
timbre generalization, as pitch memory is tied to specific 
experiences (e.g., experience with specific recordings) in a 
way that applying an abstract label to a pitched sound is not. 
If one is able to apply an abstract category like a musical key 
to a piece of music, as is the case for an AP possessor, then 
this ability should manifest regardless of the piece’s sur-
face-level features, such as instrumentation or pitch height. 
In contrast, if listeners have to rely on implicit memories, 
derived from specific experiences with recordings, then it 
would be reasonable to expect that listeners would show 
poor generalization beyond these specific experiences, con-
ceptually similar to the limited generalization (specificity of 
learning) that has been found in other instances of percep-
tual learning (e.g., Ahissar et al., 2009; Dale et al., 2021).

However, the present findings challenge this view and 
support the idea that generalization of pitch memory to novel 
experiences is a widespread ability. Put another way, the 
findings suggest that listeners are forming more abstract cat-
egories that are based on pitch chroma for these well-known 
melodies. Although this finding is novel in the context of 
using popular melodies, it can be integrated within a grow-
ing body of research on the nature of implicit pitch memory 
representations. For example, non-AP listeners can tell when 
isolated notes are played in standard Western tuning (A4 
= 440 Hz) compared to notes that have been shifted by 50 
cents (Van Hedger et al., 2017), suggesting that listeners 
have implicitly developed goodness-of-fit representations 
for individual notes based on listening experience. Fur-
thermore, pitch chroma and musical key has been shown to 
influence aesthetic evaluations (Ben-Haim et al., 2014) and 
judgments of musical tension (Eitan et al., 2017) for novel 
stimuli among non-AP possessors. These findings, taken 
together, suggest that most listeners have developed robust 
implicit memories for sounds based on AP and, in particular, 
pitch chroma.

Yet, there is also evidence that listeners are sometimes 
influenced by other cues that do not affect the accuracy 
of AP possessors. For instance, the present study found 
an interaction between the octave shift and susceptibil-
ity to incorrect versions of melodies that were closer in 
AP height to the iconic recording (Experiment 2, Fig. 3). 
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Specifically, when participants in the higher octave condition 
were presented with a trial in which the incorrect melody 
was shifted one semitone down, accuracy was significantly 
reduced compared to a trial in which the incorrect melody 
was shifted one semitone shift up. The opposite was true in 
the low octave condition: when the incorrect melody was 
shifted up by one semitone, performance decreased relative 
to when the incorrect melody was shifted down by one semi-
tone. One plausible interpretation of this pattern of results 
is that participants were influenced by pitch height cues in 
the experimental paradigm. However, it’s important to note 
that participants were not completely relying on a pitch 
height strategy; if this were the case, participants would be 
at chance (50%) given the construction of the experimental 
design. Thus, the above-chance performance observed sug-
gests a hybrid use of strategies – i.e., that listeners were 
influenced by both pitch chroma and pitch height. Evidence 
suggesting the use of a combination of strategies, includ-
ing both pitch chroma and pitch height, during pitch-related 
assessments is supported by prior literature; for example, 
Van Hedger et al. (2015) found that AP possessors were 
slower at making speeded pitch judgments across multiple 
octaves, indicating that pitch chroma and pitch height might 
be integrally linked in memory representations.

There are some limitations inherent in the current study. 
Given that Experiment 2 was delivered entirely in an online 
setting, we could not ensure the same level of control over 
the auditory environment or participant engagement com-
pared to Experiment 1. However, we do not suspect that 
an online delivery for the second experiment significantly 
altered or detracted from our findings, for two reasons. First, 
we incorporated a variety of quality control checks into the 
online experiment. Notably, participants were pre-screened 
to ensure that they had met minimum performance criteria in 
their participation in other MTurk assignments, and partici-
pants also were required to pass attention checks throughout 
the experiment to be included in the main analyses. Sec-
ond, a robust body of literature has been able to replicate 
classic auditory findings in an online setting, indicating that 
when executed properly, online experiments yield equally 
valid results – with the added benefit of being able to recruit 
larger, more diverse sample sizes (e.g., see Eerola et al., 
2021; Zhao et al., 2022).

A second limitation, which is in part due to Experiment 
2 being administered online, is the notably different samples 
across the two experiments. The sample from Experiment 1 
was made up entirely of undergraduate students at the Uni-
versity of Chicago, which confined the sample to a narrow 
age range (18–24 years). Additionally, the average musical 
training among the undergraduate sample was high relative 
to the general population, at an average of 5.87 years with 
approximately 9 in 10 reporting some musical experience. 
In contrast, the sample from Experiment 2 featured a much 

larger age range and lower reported levels of musical training. 
Because of these differences, it becomes difficult to directly 
compare performance across the two experiments. However, 
despite these differences in samples, we still observed robust 
above-chance performance across both experiments for both 
groups. The data therefore suggest that variability in both 
musical training and age may not have a strong influence 
on performance with respect to the given tasks. Although 
some associations between pitch memory and age have been 
reported in prior research (Trehub et al., 2008), this was found 
among children of a comparatively narrow age range (5- to 
10-year-olds), and additional research did not find an associa-
tion between pitch memory and age within overlapping age 
ranges (9- to 12-year-olds; Schellenberg & Trehub, 2008; 4- 
to 12-year-olds; Jakubowski et al., 2017). Several additional 
studies have supported the claim that musical training and 
age appear to be unrelated to pitch memory for well-known 
melodies among adults (Jakubowski & Müllensiefen, 2013; 
Schellenberg & Trehub, 2003; Van Hedger et al., 2018).

Although performance across both experiments was 
robustly above chance, it is notable that we observed such 
a large range of individual variability with respect to pitch 
memory accuracy. Across both experiments, some par-
ticipants were at (or even below) chance, whereas other 
participants were close to perfect. Large degrees of indi-
vidual variability are not inherently unusual in the con-
text of pitch memory paradigms (e.g., see Schellenberg 
& Trehub, 2003); however, it is intriguing that none of 
our collected measures of individual differences showed 
any correlation with pitch memory performance. Despite 
observing variability along our individual difference meas-
ures (years of musical training, active musical practice, 
and the frequency with which participants listened to pop 
music), the data suggest that these do not correlate with 
pitch memory performance in the present context. Some of 
these nonsignificant associations are perhaps not surpris-
ing when considering that prior research has also reported 
no significant association between factors such as musi-
cal training and pitch memory (e.g., Van Hedger et al., 
2018). However, the inability to meaningfully explain the 
large individual differences in the task raise the question 
of which individual difference measures, if any, might 
be informative in explaining variation in pitch memory. 
Based on prior research, one promising approach would 
be to focus on performance-based rather than self-report 
measures of musical abilities. Specifically, associations 
were found between pop song pitch memory and singing 
accuracy (Halpern & Pfordresher, 2022), melodic com-
parison tasks (i.e., identifying whether two short melodies 
were the same or different; Jakubowski & Müllensiefen, 
2013), and pitch adjustment tasks testing tonal work-
ing memory precision (Van Hedger et al., 2018). Given 
the large individual differences observed in the present 
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experiments, future work might consider both assessing 
whether these individual differences are stable across time, 
and examining further how these individual differences 
in performance relate to performance-based measures of 
auditory processing, such as those cited here.

Although the present findings are situated within the 
domain of music cognition, they can also be integrated 
into a broader learning and memory framework. The 
finding that most listeners form memory representations 
for pitch chroma without explicit intention, based on 
regularities within their environmental input, speaks to 
the importance of implicit learning mechanisms in under-
lying complex perceptual representations. The process 
of implicitly extracting patterns from the environment 
(e.g., as described in statistical learning) is likely sub-
serving these chroma-based memory representations 
(i.e., consistently hearing a particular melody in a par-
ticular musical key), and has been found to facilitate 
the formation of perceptual representations in a number 
of domains beyond music (e.g., see Krogh et al., 2013, 
and Saffran & Kirkham, 2018, for reviews). Moreover, 
the observation that listeners have formed memory rep-
resentations based on pitch chroma – a feature that is 
putatively inconsequential for melodic identification 
(e.g., Dowling & Bartlett, 1981; though see Kleinsmith 
& Neill, 2018) – suggests that “surface-level” perceptual 
attributes of episodic experiences are not entirely dis-
carded in service of forming memory representations in 
music. These findings can thus comment on the broader 
literature examining the extent to which conceptual rep-
resentations are grounded in the perceptual details of 
episodic experiences (e.g., Barsalou, 1999; Goldinger, 
1998). The fact that listeners were able to generalize 
across some “surface-level” features (e.g., instrumental 
timbre, octave) while maintaining an understanding of 
pitch chroma supports the idea that memory representa-
tions for familiar melodies are multidimensional, and the 
specific weighting of different cues likely depends on 
several factors including the current task demands (e.g., 
Saffran et al., 2005).

Overall, the present study finds that everyday listeners 
not specifically recruited for musical training have robust 
pitch memory for popular melodies that generalizes across 
both timbre and octave, suggesting that implicit AP repre-
sentations developed by the general population are based on 
pitch chroma and representationally similar to those found in 
genuine AP. The present study identifies a clear connection 
between the processes of pitch memory and pitch labeling by 
demonstrating that the widespread ability of pitch memory 
is based on representations that are similar to those found 
among AP possessors. This investigation, as well as future 
work, can aid our understanding of the nature of AP, as well 
as the generalizability of human pitch memory more broadly.
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