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Abstract

Most listeners exhibit absolute pitch memory for familiar pitched sounds, ranging from simple tones (e.g., the
“bleep” used to censor broadcast media) to rich, polyphonic melodies (e.g., excerpts from popular songs). Given that
relative pitch is the predominant means of processing music for most listeners, this observed absolute pitch memory sug-
gests that most listeners have hybrid representations, containing both absolute and relative pitch cues. The present exper-
iment assesses how relative pitch cues influence absolute pitch memory in a variety of listening contexts, varying in terms
of ecological validity. Participants were asked to explicitly judge different musical sounds (isolated notes, chords, scales,
and short excerpts), varying in complexity, in terms of absolute tuning (i.e., whether a musical sound adhered to conven-
tional, A440 tuning). Listeners showed robust above-chance performance in judging absolute tuning when the to-be-
judged sounds did not contain relative pitch changes (i.e., isolated notes and chords), replicating prior work. Critically,
however, performance was significantly reduced and was not statistically different from chance when the musical sounds
contained relative pitch changes (scales and short excerpts). Taken together, the results suggest that most listeners pos-
sess some long-term memory for absolute tuning, but this ability has limited generalizability to more ecologically valid
musical contexts that contain relative pitch changes.
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When one listens to music, what features of the experience
are retained in memory? The answer to this question
depends on several factors, including whether an individual
possesses absolute pitch (AP). AP is generally defined as
the ability to name or produce any musical note without
the aid of a reference note (e.g., Deutsch, 2013; Levitin &
Rogers, 2005; Loui, 2016; Takeuchi & Hulse, 1993) and
is an extremely rare ability, with a base rate of approxi-
mately 0.01% of the global population (Bachem, 1955).
AP possessors, in contrast to the general population, are
able to form explicit categories based on pitch chroma,
also called pitch class. Importantly, these categories are
rooted in the ability to identify the fundamental frequency
of the note; as such, other characteristics of a musical
note, such as its timbre, octave register, or relative pitch
context in which the note is heard, do not negate the AP
possessor’s ability to correctly identify the pitch by its

note name (Takeuchi & Hulse, 1993). For example, the
authors, both having AP themselves, could recognize and
identify that a “G” played on a solo piano is the same
“G” when produced by a French horn during a symphony
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played with a full orchestra; the note retains its “G” chroma
whether heard alone or in concert, and irrespective of other
cues.

In contrast, the majority of listeners process music using
relative pitch (RP), meaning that notes are not remembered
by their chroma, but instead by how each note relates to the
other notes heard in musical contexts (e.g., Levitin &
Rogers, 2005; Miyazaki, 1995; Plantinga & Trainor,
2005; Saffran et al., 2005; Takeuchi & Hulse, 1993). RP
processing, as a result, is thought to lead to unstable repre-
sentations of pitch chroma. For example, under an RP
framework, a “G” heard in the context of a musical work
in G major will sound “congruent” and is likely to
receive a higher goodness-of-fit rating than, say, a “G”
heard in the context of C-sharp major, where the pitch
“G” is “incongruent” and would be likely to receive a
lower goodness-of-fit rating (see Krumhansl, 1979).
Subsequent work has found that this tonal hierarchy also
influences memory processes, with congruent notes being
more likely to result in false memories than incongruent
notes (Vuvan et al., 2014).

From this perspective, AP and RP can be conceptualized
as opposed constructs — two non-overlapping means of pro-
cessing pitch that, in some instances, might interfere with
one another (Ziv & Radin, 2014). Yet, an accumulating
body of research suggests that all listeners — regardless of
whether they possess AP — can perceive and remember
musical pitch in both absolute and relative terms, which
suggests that pitch processing is complex and might
depend on the listening context (e.g., Creel & Tumlin,
2012; Hoeschele, 2017). Despite not possessing explicit
labels based on pitch chroma, which characterizes the phe-
nomenon of AP, several converging findings have indicated
that most listeners have remarkably good absolute pitch
memory. For example, non-AP possessors are able to iden-
tify the correct-key version of a familiar piece of music
from other versions shifted by as little as one semitone
(e.g., Schellenberg & Trehub, 2003; Terhardt & Seewann,
1983; Van Hedger et al., 2018a), even in children as
young as four (Jakubowski et al., 2017). This general
finding is by no means limited to musical sounds; several
experiments have demonstrated similarly high performance
among non-AP listeners asked to identify the correct-pitch
versions of non-musical sounds, including the North
American landline dial tone (Smith & Schmuckler, 2008)
and the 1,000 Hz censor “bleep” used in broadcast media
(Van Hedger et al., 2018b). These demonstrations of abso-
lute pitch memory for non-musical pitches are particularly
intriguing when compared to AP, as they reflect good
pitch memory for a single pitch class (conceptually
similar to traditional tests of AP, which require the identifi-
cation of isolated pitch classes).

Yet, it is worth noting that the absolute pitch memory
abilities surveyed in the previous paragraph necessarily
rely on prior knowledge of specific pitched sounds. In
other words, there is something specific (e.g., an iconic
recording of a popular song) that individuals recall in

making their judgments. Although listeners have preserved
absolute pitch memory for novel instrumental versions of
familiar recordings (Van Hedger et al., 2023), suggesting
a form of generalization, these judgments nevertheless
require at least some prior familiarity with the iconic record-
ing. The critical importance of familiarity is highlighted by
findings that have convincingly demonstrated that listeners
perform at chance when making similar judgments for unfa-
miliar recordings of music (e.g., Schellenberg & Trehub,
2003). In contrast, an AP possessor is not thought to be
limited by familiar context; a well-known and an
unknown recording both possess an easily identifiable
chroma or key signature to someone with AP. This observa-
tion highlights one of the critical presumed differences
between AP and non-AP possessors with respect to pitch
memory and additionally raises the question of whether
this widespread absolute pitch memory, observed in
non-AP possessors, generalizes to broader listening
contexts.

An emerging body of research has suggested that wide-
spread pitch memory may be generalizable beyond specific,
highly familiar sounds. Although these findings are still
predicated on familiarity, they are presumably based on a
more abstract familiarity with specific pitch classes and
tuning systems, rather than specific familiarity with a
given iconic sound, such as a familiar recording. For
example, non-AP listeners’ judgments of preference, tonal
fit, and tension depends on the familiarity of the pitch
class and musical key, as measured by frequency of occur-
rence in Western music (e.g., C versus F#; Ben Haim et al.,
2014; Eitan et al., 2017). In another study, non-AP posses-
sors were able to judge whether isolated notes were tuned
conventionally (where the “A” above middle C is set to
440 Hz — hereafter referred to as A440 tuning) or unconven-
tionally (shifted from the conventional standard by a quarter
tone), once again presumably based on the familiarity of
hearing these sounds (Van Hedger et al., 2017). This sensi-
tivity to the absolute tuning standard of A440 among
non-AP possessors provides a parallel to the phenomenon
of AP, which is also a form of absolute hearing. These
studies demonstrate a further degree of abstraction, as it is
unlikely that participants are basing their judgments on
any iconic recording of isolated notes or simple chord pro-
gressions. These results, taken together, suggest that listen-
ers’ memories for absolute pitch reflect more generalized
knowledge (i.e., extending beyond specific iconic record-
ings) about how frequently particular pitch classes are
encountered or whether a specific pitch would count as a
“real” (correctly tuned) note in Western music’s specific
cultural tuning standard.

Thus, the current state of the literature on absolute pitch
memory reflects tensions along the dimensions of both gen-
eralizability and ecological validity. On the one hand, lis-
teners display robust absolute pitch memory for highly
familiar and ecologically rich sounds, such as popular
music recordings (e.g., Schellenberg & Trehub, 2003).
This absolute pitch memory generalizes to novel versions
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of the familiar melody (Van Hedger et al., 2023) but never-
theless is inherently tied to prior experience with the iconic
recording, which suggests a limited implicit recognition of
pitch chroma beyond these familiar sounds. On the other
hand, recent work (Ben-Haim et al., 2014; Van Hedger
et al., 2017) has demonstrated much more abstract memo-
ries based on pitch chroma (e.g., through testing isolated
notes), ostensibly based on broader distributional regulari-
ties of hearing particular pitch classes and tunings.
However, this more abstracted form of absolute pitch
memory has hitherto suffered from relatively low ecologi-
cal validity, as it has been tested using isolated notes specif-
ically lacking relative pitch cues, which may interfere with
absolute pitch processing (cf. Ziv & Radin, 2014).
Understanding the extent to which absolute and relative
pitch cues interact in pitch memory assessments is critical
in characterizing the similarities and differences in how
both AP and non-AP possessors represent musical pitch.

The present experiment was therefore designed to assess
how absolute pitch judgments for novel sounds would inter-
act with the availability of relative pitch cues. In the present
experiment, participants judged whether musical sounds
adhered to conventional (A440) tuning across several
types of musical stimuli differing in complexity and ecolog-
ical validity (isolated notes, chords, scales, and excerpts
from musical compositions). Given that individuals were
recruited regardless of their formal musical training, the
tuning judgment task was framed to participants in terms
of valence (with conventionally tuned items sounding
“good” and unconventionally tuned items sounding
“bad”), as has been done in earlier work (Van Hedger
et al., 2017). Grounding our hypothesis in the prior litera-
ture on pitch memory among non-AP possessors, we pre-
dicted that listeners would be above chance in
differentiating conventionally tuned from unconventionally
tuned isolated musical notes, conceptually replicating prior
work (Van Hedger et al., 2017). However, given the impor-
tance of relative pitch processing in music (e.g., Miyazaki
et al., 2018) and the discussion of how relative and absolute
pitch processing might interfere with one another
(Miyazaki, 1993, 1995), we additionally hypothesized
that tuning judgments for stimuli with salient relative
pitch cues would be attenuated (i.e., it would be harder to
differentiate conventionally tuned from unconventionally
tuned sounds) relative to simpler stimuli such as isolated
notes. Overall, this experiment was designed to test
whether listeners demonstrated evidence of long-term
memory for absolute tuning when using more complex,
ecologically valid musical sounds in which RP cues are
increasingly present.

Method

Participants

A total of 200 participants were recruited from Amazon
Mechanical Turk, and 193 were retained for the final

analyses (M = 40.43 years, SD = 12.03 years, range of
21 to 70 years). The Data Exclusion section provides
details on participant exclusion. We used Cloud Research
(Litman et al., 2017) to recruit a subset of participants
from the larger Mechanical Turk participant pool.
Participants were required to have at least a 90% approval
rating from a minimum of 50 prior Mechanical Turk assign-
ments and had to have passed internal attention checks
administered by Cloud Research. All participants received
monetary compensation upon completion of the
experiment.

Materials

The experiment was programmed in jsPsych 6 (de Leeuw,
2015). The to-be-judged musical sounds were all created
in (or imported into, in the case of the musical excerpts)
Reason 4 (Propellerhead: Stockholm) and used a piano
timbre. Given that the musical sounds were initially gener-
ated in MIDI format, the tuning of each sound was altered
prior to exporting each as an audio file. Specifically, the
in-tune sounds were exported by setting the master tuning
option to the default (+0 cents; A440 tuning), whereas
the out-of-tune sounds were exported by setting the
master tuning option to+50 cents (~A453 tuning). All
sounds had a sampling rate of 44.1 kHz and 16-bit depth.

The isolated musical notes were similar to those reported
by Van Hedger et al. (2017). We tested 12 notes, ranging
from C4 to B4. Each of the 12 notes in this range had 2 ver-
sions — an in-tune version (e.g., C4) and an out-of-tune
version (e.g., C4 + 50 cents) — resulting in 24 total
stimuli. The isolated musical chords consisted of 12
major triads in root position, with the root note ranging
from C4 to B4. Like the isolated notes, each of the 12
major chords in this range had two versions — an in-tune
version (e.g., C4 major) and an out-of-tune version (e.g.,
C4 major + 50 cents) — resulting in 24 total stimuli. The
musical scales consisted of the first 5 notes of 12 major
scales, with the initial note of each scale ranging from C4
to B4. Like the isolated notes and chords, each of the 12
major scales in this range had two versions — an in-tune
version (e.g., C4 major scale) and an out-of-tune version
(e.g., C4 major scale+ 50 cents) — resulting in 24 total
stimuli. The musical notes, chords, and scales were all
1,000 ms in duration. The musical excerpts were selected
from four multi-movement piano compositions. Nine
excerpts were selected from Opus 109 (18 Etudes) by
Friedrich Burgmiiller (1858), seven excerpts were selected
from Petite Suite by Alexander Borodin (1885), six
excerpts were selected from Opus 165 (Espaiia) by Isaac
Albéniz (1890), and eight excerpts were selected from
Suite Espaiiola by Isaac Albéniz (1886). These particular
pieces were selected because each contained several short
piano movements and were hypothesized to be generally
unfamiliar to participants. Although there were 30 total
musical excerpts, only 24 were randomly selected to be pre-
sented to each participant to keep the design similar to the
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other Conditions. Half of the randomly selected excerpts
were tuned conventionally (A440) and half were tuned
unconventionally (~A453). Each excerpt was trimmed to
5,000 ms, with a 500 ms linear fade in and fade out.

Inter-trial “scramble” sounds were designed to disrupt
echoic and short-term memory of the preceding musical
stimulus (cf. Nees, 2016). Each inter-trial scramble sound
consisted of 1/f pink noise, which was mixed with tone
clouds. The tone clouds contained 50 sine tones per
second — in other words, a new tone onset occurred every
20 ms. Each sine tone was 75 ms in duration, and the
tones were randomly generated within a range of 147-
1,320 Hz. The scramble sounds were 5,000 ms in duration,
with the tone clouds spanning over the first 4,500 ms of the
sound (i.e., 225 tones). The tone clouds and pink noise were
created with a custom script in Matlab (MathWorks: Natick,
MA).

The auditory calibration stimuli consisted of a 30-s
brown noise, generated in Adobe Audition (Adobe: San
Jose, CA), as well as sine tones adapted from Woods
et al. (2017), which were designed to assess participant
headphone use. All sounds presented in the experiment
were root-mean-square normalized to the same level
(—20 dB relative to full spectrum).

Procedure

After reading a letter of information outlining the details of
the study and providing informed consent, participants
completed the auditory calibration portion of the experi-
ment. This consisted of (1) listening to the 30-s calibration
noise and adjusting their device’s volume to a self-
determined comfortable listening level and (2) completing
a headphone assessment first reported by Woods et al.
(2017), in which participants listened to three tones on
each trial and made a forced-choice judgment as to which
tone was quieter than the other two. There were six total
judgments in the headphone assessment, and a score of
five or six correct responses was taken as evidence that
the participant was wearing headphones. Following the
auditory calibration, participants were randomly assigned
to one of four Conditions: (1) Notes, (2) Chords, (3)
Scales, or (4) Excerpts. Regardless of Condition, partici-
pants were instructed that they would be making judgments
about the tuning of piano sounds. Specifically, participants
were told that some of the sounds would be in fune and
some would be out of tune. In case participants had little
or no musical training, in tune was also defined as sounding
Sfamiliar or good, whereas out of tune was also defined as
sounding unfamiliar or bad. Participants were additionally
instructed to base their decisions on their initial, “gut”
feeling.

Participants then completed the main task, in which they
judged 24 musical sounds (12 conventionally tuned, 12
unconventionally tuned) in a randomized order. Each trial
consisted of (1) the sound presentation, (2) a forced-choice
judgment of whether the sound was in tune or out of tune,

and (3) a 5,000 ms inter-trial “scramble” sound to disrupt
immediate echoic memory and minimize inter-trial carry-
over effects. Participants repeated this procedure until all
24 musical sounds had been rated. At the end of the main
task, participants were presented with two auditory atten-
tion checks, in which they were instructed to click on a spe-
cifically marked button on the computer via spoken
instructions.

Following the main rating task, participants completed a
short questionnaire. The questionnaire assessed age,
gender, highest level of education, hearing aid use,
primary and secondary languages, self-reported musical
ability, self-reported pitch perception, formal musical train-
ing, childhood musical appreciation, and childhood musical
encouragement. Participants were also given a free response
option to disclose any information they thought might influ-
ence their results. Participants were then provided with a
unique completion code and compensated.

Data Exclusion

There were three primary reasons why participants were
excluded from analysis. The first was providing an incorrect
answer for the auditory attention checks administered in the
experiment. Given that these attention checks occurred
without prior warning, failing to provide a correct answer
was taken to indicate that a participant had not consistently
listened to the musical stimuli. The second reason was if
participants reported the use of a hearing aid or otherwise
indicated that they had a health concern that might affect
the results of the study. The third was if participants self-
reported possessing absolute pitch, which was a response
option on the self-reported pitch perception question.
Headphone use was not used to exclude participants, as
headphone use was recommended but not required.
Overall, 126 participants (63%) passed the headphone
screening measure.

Of the 200 recruited participants, one failed to correctly
answer both auditory attention assessments, one participant
reported the use of a hearing aid, one participant disclosed
that their perception of pitch had significantly deteriorated
with age, and four participants reported possessing absolute
pitch. This left 193 participants in the primary analysis
(Note Condition: n = 45, Chord Condition: n = 51, Scale
Condition: n = 52, Excerpt Condition: n = 45).

Data Analysis

To assess whether participants in each Condition were
above chance in determining whether the musical sounds
were conventionally tuned versus unconventionally tuned,
we used one-sample #-tests, with mean accuracy being
tested against the chance estimate of 50%. To assess
whether mean accuracy differed across Conditions, we
used a one-way analysis of variance (ANOVA) with
Condition (Notes, Chords, Scales, Excerpts) as a between-
participant factor. Reported post-hoc tests used Bonferroni—
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Holm corrections. Correlations between questionnaire mea-
sures and performance were assessed via uncorrected
Pearson product-moment correlations. Finally, for each
analysis we report both p-values and Bayes factors — calcu-
lated via Bayesian equivalents of the reported tests in JASP
(Marsman & Wagenmakers, 2017) — to facilitate the under-
standing of the relative evidence for or against our hypoth-
esis. The reported Bayes factors (BF;) represent how likely
the alternative hypothesis is, relative to the null hypothesis,
given the data. For the p-values, we adopted a significance
threshold of a =.05. Statistics are reported according to the
APA Publication Manual (7th Edition), with exact p-values
being reported for values greater than .001.

Results

Mean Performance Tested against Chance

Overall, we found clear evidence for above-chance perfor-
mance when the to-be-judged musical sounds did not
contain temporally unfolding relative pitch cues
(Figure 1). Mean performance in the isolated Note
Condition was 57.4% (SD: 11.0%), which was significantly
above chance, #44) = 4.51, p<.001, d = 0.67; BF;g =
463.2. Mean performance in the isolated Chord Condition
was 57.8% (SD: 11.1%), which was also significantly
above chance, #50) = 5.17, p<.001, d = 0.73; BF;g =
4,405.

In contrast, the musical scales and musical excerpts —
which both contained relative pitch changes that unfolded
over time — did not show clear above-chance performance.
Mean performance in the musical Scale Condition was
52.1% (SD: 9.5%), which did not statistically differ from
the chance estimate, #51) = 1.58, p =.120, d = 0.22,
BF;y = 0.484. Mean performance in the musical Excerpt
Condition was nominally lower, at 51.2% (SD: 9.9%),
which did not statistically differ from chance, #(44) =
0.82, p=.418, d =0.12, BF;o = 0.221. Notably, the
Bayes factor from the musical excerpt analysis suggests
that the null hypothesis (i.e., at-chance performance) is
approximately 4.5 times more likely than the alternative
hypothesis given the data.

Comparisons across Conditions

The one-way ANOVA found a significant main effect of
Condition, F(3,189) = 5.56, p = .001, nfj = .081, BFy =
22.56, suggesting that at least one group significantly dif-
fered from one or more of the other groups. Post-hoc tests
supported the hypothesis that the isolated notes and
chords differed from the sounds containing relative pitch
changes (scales and excerpts). Isolated musical notes were
significantly higher than both scales, ¢ = 2.52, p = .038;
BFy = 3.67, and excerpts, t = 2.83, p = .025; BFq =
6.58. Isolated musical chords were significantly higher
than both scales, t =2.90, p = .021; BF;( = 8.49, and
excerpts, t=3.21, p=.009; BF;, = 15.75. Isolated

notes and chords did not significantly differ from one
another, t = —0.28, p = 1; BF;y = 0.22, nor did scales
and excerpts significantly differ from one another, ¢ =
0.42, p = 1; BFo = 0.23.

Correlating Performance with Questionnaire
Measures

The results of the exploratory' correlational analyses are
reported in Table 1. None of the measures collected in the
questionnaire were associated with tuning performance
accuracy. The only significant correlations we observed
were between age and self-reported music skill, as well as
strong intercorrelations between our music-related ques-
tionnaire measures (self-reported musical skill, self-
reported pitch perception, the extent to which music listen-
ing was encouraged during childhood, the extent to which
music listening was appreciated during childhood, and
whether the participant reported formal musical training).
The lack of an association between tuning performance
accuracy and our collected measures was not driven by a
particular Condition — that is, running the correlations sep-
arately for each Condition yielded comparable (i.e., non-
significant) results.

Discussion

The present experiment assessed whether listeners could
accurately judge the absolute tuning of different kinds of
musical sounds varying in ecological richness. Although
prior work has suggested that absolute memory for tuning
is widespread (Van Hedger et al., 2017), this prior work
only tested isolated musical notes, which have little ecolog-
ical validity. Thus, in making claims that absolute tuning
might influence the aesthetic evaluation of music (e.g.,
Farnsworth, 1968) or even health-related outcomes
(Calamassi & Pomponi, 2019), it is important to determine
under what circumstances listeners can make these judg-
ments. The results of this experiment suggest that listeners
can make accurate judgments of absolute tuning under
limited circumstances. Specifically, listeners appear to be
robustly above chance in determining whether “static”
notes and chords, which do not contain relative pitch
changes, are conventionally (versus unconventionally)
tuned. Strikingly, this ability is significantly attenuated
(and does not significantly differ from chance) as soon as
the to-be-judged sounds contain relative pitch changes. In
this sense, the results provide a direct replication of Van
Hedger et al. (2017) but also suggest that absolute tuning
perception is only observed in highly artificial settings, in
which the to-be-judged sounds do not contain relative
pitch changes. Overall, then, the findings of the present
study suggest that absolute tuning perception is a replicable
phenomenon but may not factor into situations in which rel-
ative pitch changes are present (i.e., virtually all musical
settings outside of an experimental context).
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Figure 1. Violin plots of tuning judgment accuracy across all conditions.
Note: The dashed horizontal line represents chance performance. Error bars represent plus or minus one standard error of the mean.
Note and Chord Conditions were robustly above chance (p <.001), whereas Scale and Excerpt Conditions did not significantly differ

from the chance estimate.

Table I. Correlation matrix from the experiment.

I 2. 3. 4 5 6. 7 8
I. Tuning Accuracy —
2. Age .025 —
3. Education —.054 —-.026 —
4. Music Skill 071 193%* -.0l6 —
5. Pitch Perception 019 134 .049 .393 %% —
6. Music Appreciated —.064 .075 —.020 —.445%%* —.263%*%* —
7. Music Encouraged -017 .064 -011 —. 334k 24 | ek J3TE —
8. Music Training (y/n) .086 .100 —-.081 —.570%* 199%* 259k 248 —

Note: Values represent Pearson correlation coefficients. Significant values are bolded. ** p <.01 *** p <.001.

These findings can inform our understanding of pitch
representation more broadly. Notably, the data reaffirm
that pitch memory representations are context dependent
(Hoeschele, 2017) and, furthermore, that absolute and rela-
tive pitch do not exist as entirely separate mechanisms of
auditory processing. Everyday listeners (i.e., without AP
and not specifically recruited for their musical expertise)
seem to have pitch memory that is shaped by both absolute
and relative pitch cues. Although listeners can use latent
absolute pitch memory (cf. Levitin & Rogers, 2005) for
single notes or chords, relative pitch rapidly replaces abso-
lute pitch as the dominant mechanism once introduced. The
relative weighting of these cues seems to vary across

circumstances as a function of ecological validity of the
musical stimulus: the more salient the relative pitch cues
are in the stimulus, the greater the expected reliance on rel-
ative pitch. While it is clear that most listeners can make
absolute judgments that are conceptually aligned with
those made by AP possessors, these judgments are critically
limited to a subset of simple musical stimuli and are easily
overpowered by the presence of even the most basic relative
pitch cues.

The present findings can also potentially inform our
understanding of the phenomenon of AP. Although abso-
lute pitch representations are, by definition, grounded in
an explicit recognition and labeling of pitch chroma (and
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thus might be considered context independent), the specific
way in which absolute and relative pitch interact among AP
possessors remains debated. For example, Miyazaki (1993)
found that AP possessors have difficulty naming intervals if
both notes are detuned by the same amount, suggesting an
impoverished sense of relative pitch. On the other hand,
Dooley and Deutsch (2011) found that in a direct compar-
ison between AP and non-AP possessors with musical
training, AP possession was strongly associated with
increased performance at interval identification tasks; fur-
thermore, this performance was not attributed to cues that
would benefit AP possessors specifically, such as knowl-
edge of musical key. The findings of Dooley and Deutsch
(2011) therefore suggest that AP possessors may have
more developed relative pitch representations than those
without AP (cf. Miyazaki, 1993).

Conceptually aligning with the notion that relative pitch
processing is robust in AP possessors, Hedger et al. (2013)
observed that absolute pitch categories can be slightly
shifted when listening to an altered tuning system that
maintains relative pitch relationships. Follow-up work dem-
onstrated that listening to altered tuning can even lead to
systematic misclassifications of notes (e.g., labeling a
slightly sharp C as a C# after listening to music that had
been detuned). While these studies, taken together, do not
elucidate the precise ways in which absolute and relative
pitch cues operate among AP possessors, the present
research points to the possibility of individual and situa-
tional variability in the extent to which listeners rely on
absolute versus relative pitch cues, which may explain the
diversity of conclusions in prior work on the matter.
Indeed, the current findings are quite consistent with these
two earlier studies suggesting that salient relative pitch
cues can disrupt absolute pitch processing (Hedger et al.,
2013; Van Hedger et al., 2018a), suggesting that relative
pitch can substantially shape absolute pitch representations
in a context-dependent manner, both for individuals with
and without AP.

The present study has some limitations that could be
addressed in future work. First, it is worth noting that this
was an online study, which does not allow the same kind
of participant supervision as in-lab research. However, we
deliberately crafted several study parameters to mitigate
the effects of the lack of supervision (e.g., initial pre-
screening through CloudResearch, incorporation of atten-
tion checks). Perhaps most importantly, prior work using
a similar paradigm (Van Hedger et al., 2017) recruited
both online (MTurk) and in-lab participants and did not
find significant differences between the two groups. More
generally, other recent work has affirmed the validity of
results from online auditory studies, and even points to
their benefits, such as, for example, the ability to recruit sig-
nificantly larger, more diverse populations and receive
faster results efficiently (e.g., Eerola et al., 2021; Zhao
et al., 2022). Indeed, the participants in this study range
from 21 to 70 years in age — a significantly richer sample
than could be easily achieved from conducting this

experiment in person. As such, we expect that our findings
would hold just as well if the experiment were repeated in
an in-person setting.

A second limitation is that the musical stimuli were,
overall, relatively artificial. The stimuli with arguably the
greatest ecological validity (the musical excerpts) were all
taken from piano compositions from the mid-to-late
nineteenth-century, written by European composers, and
as such were relatively homogenous in terms of style.
Although participants were asked to evaluate stimuli that
ranged in complexity from isolated notes to short musical
excerpts, all stimuli used only a piano timbre and were gen-
erated from MIDI files. Future work would benefit from an
examination of how increasing the ecological validity of the
tested sounds (e.g., expanding beyond piano, using actual
recordings rather than MIDI files) might influence the
results.

The finding that listeners use both absolute and relative
pitch cues based on listening context has potential implica-
tions for investigating individual differences in pitch pro-
cessing in future work. Given that absolute and relative
pitch are theoretically independent (e.g., Ziv & Radin,
2014), researchers could calculate the relative strength of
an individual’s relative pitch, normalized against their abso-
lute pitch, to more directly assess whether these modes of
processing influence absolute tuning perception. For
example, a testable prediction that stems from this treatment
of absolute and relative pitch processing is that an individ-
ual who has strong relative pitch processing might be more
likely to have disrupted absolute tuning judgments when
relative cues are present (e.g., for scales and musical
excerpts). Another testable and non-intuitive hypothesis is
that AP possessors might not actually have intact absolute
tuning perception across all musical stimuli. More specifi-
cally, if an individual has strong absolute pitch but also
strong relative pitch, they might be more flexible and use
relative pitch processing in situations where this is salient
(e.g., listening to musical scales or excerpts). Thus, those
individuals who display strong absolute and relative pitch
processing might show attenuated absolute tuning judg-
ments depending on the context, despite possessing AP.

Conclusion

Most listeners demonstrate above-chance absolute pitch
memory, but the connection between absolute and relative
pitch use, as well as the stability of each representation
across different listening contexts, are not completely
understood. The present experiment assessed whether per-
ception of absolute tuning (i.e., whether a musical sound
or group of sounds adhered to A440 tuning) persisted
across multiple musical sounds, varying in ecological valid-
ity and availability of relative pitch cues. We found that lis-
teners could reliably differentiate in-tune from out-of-tune
musical sounds, but only when they did not contain relative
pitch changes. Overall, then, these results suggest that abso-
lute features of music related to tuning are remembered by
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most listeners and can manifest in the form of explicit judg-
ments, but these memory representations are subject to
interference by more salient relative pitch cues.
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