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Abstract

When listening to music, humans can easily and often automatically assess the perceptual
similarity of different moments in music. However, it is difficult to rigorously define the way in
which we determine exactly how similar we find moments to be. This problem has driven
inquiry in music cognition, musicology, and music theory alike, but previous results have
depended on behaviorally mediated responses and/or recursive analytic strategies by music
scholars. The present work employs the context-dependent memory paradigm as a novel way to
investigate the extent to which listeners consider two musical examples to be similar. After
incidentally learning words while listening to a 5:4 polyrhythm forming a perfect fifth,
participants could hear no sound or the polyrhythm at a different pitch interval during a surprise
test of recall. Between-subjects comparisons found no effect of the actual sound context at test
on recall; however, participants who reported being in the same sound context did recall
significantly more words than others. Interactions between actual and reported sound context
were not accounted for by musical experience or other participant factors, and reported sound
context was more often incompatible than compatible with actual sound context. Contributions
to mental context theory and the boundaries of conclusions about musical features are discussed.

Keywords: context-dependent memory, free recall, perception, pitch, memory, music

cognition, rhythm






It is a trivial challenge for most humans to tell whether they are listening to a Beethoven
Symphony or a Balinese Gamelan ensemble, and for good reason. At the same time, it is also
relatively common for a moment in a piece of music to remind the listener of something they’ve
heard before. The bassline of a new pop song may sound like a common lullaby, or the
penultimate song on an album may bring back the melody from the opening track. This can
enrich the experience of listening to music, as connections between new experiences and music
become more intricate webs, and new music finds ways to cue old memories. In fact, musicians
often rely on these connections: jazz musicians quote well-known melodies that can be familiar
to audiences even when transposed and heavily embellished; film scores are rife with themes that
exemplify characters, or cue viewers into an imminent fight scene; long orchestral works spend
hours exploring different forms of some musical idea, and deliver satisfaction to listeners by
returning to a familiar melody that was established in the piece’s first minute.

Musicians who, intentionally or unintentionally, employ musical ideas in their work
deemed too similar to another artists’ work can find themselves facing practical consequences.
As one prominent example, the 2013 song “Dark Horse,” performed by pop artist Katy Perry,
earned her a lawsuit in 2014 in which the Christian rapper Flame accused her of plagiarizing a
melodic ostinato from his song “Joyful Noise,” released in 2008. In 2019, a jury ruled in favor of
Flame, but Perry won an appeal the following year (Blistein, 2020). An online resource
sponsored by the law schools of George Washington University and Columbia University
catalogues the increasing number of music copyright claims that have made it to court in the past
decade (Cases from 2010-2019, n.d.). While music copyright claims more often plague digital

content creators playing portions of published songs, these inter-artist disputes about the origin



of certain basslines, melodies, or chord patterns have become notorious and commonly reported
(Mullan, n.d.; Wang & Wang, 2020).

There has also been incredible sociopolitical weight to music sounding like certain other
music, or ideas of musical moments. The incorporation of folk song into classical musical
practices is one way that musicians have attempted to write music that sounds authentically of
their nation, even as this freezing of pastoral or pre-colonial aesthetics has also created standards
of authenticity that do not evolve as people do. While a review of this phenomenon is a Senior
Project in its own right, I encourage readers to explore the transformation of folk music into
classical traditions in the formation of the Soviet Union (Frolova-Walker, 1998; Levin, 2013;
Rothstein, 1980) and early Communist China (Jones, 2001; Mu, 1994; Tse-tsung, 1956), as well
as by composers like Béla Bartdk of Hungary (Suchoff, 1972; Tari, 2006), Ralph VVaughan
Williams of England (Kimmel, 1941; Williams et al., 1906; | highly recommend his Fantasia on
a Theme by Thomas Tallis), as well as much of American popular music.

Musicians frequently quote or employ motifs from recognizable songs in order to borrow
from or comment upon the traditions they represent. This is incredibly important in
improvisatory systems such as Jazz, where quoting Blues motifs or parts of others’ solos are part
of the conversational nature of the music and an important way musicians articulate both their
power and respect for others in performance spaces. Quoting a musical canon signifies group
membership by that performer, and the manner of performance can demonstrate complicated
relationships to that canon, from respect to snarky derision. A great example of the latter is the
quotation of Moscow Nights — the melody of which was used as a half-hour signal by Radio
Moscow during the Cold War — by the infamous rock band Grazhdanskaya Oborona (GrOb) in

their song “Knenossiit tuct” (“Maple Leaf™).



There is obviously, then, a rich debate to be had over when a moment in music is
meaningfully similar enough to another to be treated as the same in the minds of listeners.
Empirical approaches could help define when musical ideas are considered perceptually similar
to an arbitrary listener. In particular, it could be useful to quantify the notion of perceptual
similarity, at least partially in terms of the features or components of given perceptual objects.
A Piece of Music

In order to attempt this practice with music, we ought to define the perceptual objects of
sound, as well as their features. Any whole piece of music consists of many sounds, with
particular events frequently containing motifs. A motif is a thematic element that ought to be
recognized when repeated, and are frequently useful objects when analyzing musical works. My
use of the term a moment in music is meant to include the occurrences of motifs or some discrete
subset of a piece that is considered perceptually distinct.

Music is frequently conceptualized as the organization of sound over time, treating pitch
and rhythm as its key features. These alone do not describe the full complexity of sound. Timbre
may come to mind as a salient part of a listener’s sonic experience that isn’t captured by pitch or
rhythm. Frequently defined as what allows a listener to distinguish between two sounding
instruments that are otherwise producing sounds of the same pitch and loudness, timbre is
difficult to parameterize simply (Tenney, 2015c). While this hasn’t stopped exciting musical
research into the physical components of timbre and our perception of different sounds (M.
Lavengood, 2019; M. L. Lavengood, 2007), incorporating timbre into a model of perceptual
similarity may be outside the scope of this project.

Were someone to sing, strum, or otherwise strike up some tune, they would produce a

series of notes, to the delight of any listeners-on. The pitch of these notes could be described in



terms of their frequency in Hertz, a measure of how often the air is displaced each second by the
periodic wave resulting from their musical action. The higher this frequency, the higher in pitch
the note will be perceived to be. Specifically, pitch height increases proportionally to the
logarithmic increase in frequency. This means that sounds whose frequencies are 100 Hz apart
are farther in perceived pitch at low frequencies than higher frequencies. Human listeners are
able to perceive pitches in the range of 20 Hz to 20 kHz, though this range tends to decrease
according to the natural hearing loss expected from age or other environmental factors.

When comparing multiple notes, examining the relationship between their frequencies
can help identify the interval formed between them. For example, when hearing one note at 440
Hz and another at 880 Hz — when these frequencies form a 2:1 ratio listeners will hear two notes
an octave apart. Many listeners would find this interval to be consonant, or aesthetically
pleasing. According to Western musical notation, these would also both be the same kind of
note, depicted as “A” notes at the interval of an octave. Different intervals, with different ratios
to describe them, form scales that generate norms of harmonic and melodic practices. The perfect
fifth (with a 3:2 ratio) and major third (5:4) compose the major triad, perhaps the cornerstone of
Western tonality, familiar even to the ears of a nonmusician.!

Rhythm refers to how notes are organized in time. The majority of songs, especially those
heard in Western societies, organize notes into four beats that regularly repeat, although other
numbers of beats are not uncommon. Many dance musics from court traditions are organized
into three beats (e.g., “Dance of the Flowers” from Tchaikovsky’s ballet The Nutcracker), and

songs organized into six beats are common in both classical and popular traditions (e.g., “Miss

1 For a short example as evidence, go to https://youtu.be/JKFLF_k_XDk.
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You” on Sound & Color by Alabama Shakes). Whatever the number of beats, these form a pulse
or a grid underneath the whole song. Performers may play multiple notes in one beat, notes
lasting several beats, or other subdivisions and syncopations, but will generally retain a
perceptible pulse. This helps songs be danceable to an audience and more easily playable to a

group of musicians.

Figure 1.
Excerpt from Tehaikovsky's Serenade for Strings in C, Op. 48, 111.
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In section A, beginning measure 45, the second violins (second line from the top) and violas (middle line) play
harmony in triplets, a hemiola pattern, while the first violins (top line) and cello (fourth line from the top)
sections play a melody with duple subdivisions.



Interestingly, our interval names for pitch intervals can also be applied to the rhythmic
phenomenon of polyrhythms, where multiple streams of notes are played at different (coprime)
pulses. That is, it’s possible that in the time it takes one drummer to play the four beats one
would expect in a disco song, a keyboard player could play three chords, forming a 4:3
polyrhythm. These grooves are more common in non-Western musical practices, especially in
Afro-Cuban styles, but aren’t impossible to come across in the works of Western composers.
One example favored by the author can be found in the third movement of Tchaikovsky’s
Serenade for Strings. See Figure 1 for an excerpt of the piece featuring an extended 3:2
relationship between the instruments with harmonic and melodic roles. For an example of using
intervals to describe both pitch interval and a polyrhythm, see Figure 2.

With these features in hand (or, if you

Figure 2.
Pitch and rhythmic expressions of a 3:2 ratio.
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may be perceived as similar, sharing some elusive quality that allows for experiential
connections to emerge, even though they are different in terms of any combination of pitch,
rhythm, timbre, or loudness, for example. Consider different performances of the United States
National Anthem, a common case where the same song is played in different keys, by vocalists
who wildly embellish the melody, and while being accompanied by all manners of instruments,
depending on the setting. While the performances of Lady Gaga at President Biden’s

inauguration in January 2021 was different in many, many ways from that of Jimi Hendrix at



Woodstock in 1969, they may still be similar to listeners. This is also to point out that two
musical moments could be trivially similar if they are perceived as the same, rather than
different, on all dimensions. So, interesting claims about the similarity of musical moments will
be found past the boundaries at which sounds are perceived as indistinguishably the same.
Boundaries for recognizing difference in sounds

We owe a knowledge of these boundaries at which we fail to recognize sounds as
different to researchers in psychoacoustics and music cognition. While these literatures have
frequently been more involved in matters of pitch, there are applicable insights into perceptual
boundaries for the dimension of rhythm. Overwhelmingly, these findings are related to when
pulses, or a series of even beats, are treated the same by performers. When building a
computational model to account for exact onsets of notes played by musicians, (Large & Kolen,
1994) relied on the assumption that initial metric information determined a pulse grid that to-be-
performed material would be fit to. This metric entrainment, as they refer to it, is highly related
to other notions of oscillatory patterns and resonance systems discussed in theories of pitch
perception, as we’ll talk about shortly (Angelis et al., 2013; Large & Snyder, 2009; van Noorden
& Moelants, 1999; Velasco & Large, 2011).

Understanding the overall pulse or meter, as well as the hierarchy of weak and strong
beats, is useful when hoping to perform or analyze any piece of music. Notably, both intentional
and unintentional departures from a strict pulse grid arise in musical performance. Intentional
departures are frequently notated in music, and can provide great expressive power.
Unintentional departures — real problems for researchers attempting to model why musicians
play when they do — may reflect a combination of the kinesthetic difficulties of a musician

producing a sound exactly when they would like to, as well as flexibility in how far from the grid



10

can still constitute an appropriately timed note. Large and Kolen (1994) suggest that while it is
hard to explain the exact misplacement of any note with respect to its nearest place in the pulse
grid, in data provided by highly trained musicians tended these non-exact notes tended to be
within a critical range of any given subdivision of the overall meter. While these subdivisions are
also flexible within the context of a piece, this could imply that notes are metrically the same if
they are attributable to the same place in a pulse grid.

Listeners’ sensitivity to changes in tempo, or shifts to the underlying grid on which notes
ought fall, vary according to the present tempo and whether the tempo is increasing or
decreasing. The reported boundary is in terms of the just noticeable difference (JND), referring
to how much the stimuli have to change in order for listeners to correctly report noticing a
difference in more than 50% of cases. When asked to recognize a decrease in tempo (the music
becoming slower), listeners reached above-chance accuracy when the tempo changed by around
6% of the initial tempo (in bpm). When asked to recognize an increase in tempo, the JND for
these listeners was around 6% of the initial tempo at fast tempos (around 200 bpm) and increased
to as much as 13% of the initial tempo at the slow tempo of 48 bpm (Dowling & Harwood, 1986;
Lehman, 2012).

To remark on one complicating factor to this conclusion, note that different musicians
and musicians of different practices place different amounts of attention to where within the
expected range of a pulse grid notes tend to fall. That is to say, while notes are rarely perfectly
placed on some beat, it does matter whether a musician is consistently placing notes ahead of or
behind this beat. This artistic difference has been most clearly written about as a stylistic
difference between Western classical music, which does aim to minimize individual and

unintentional deviations from an ideal pulse grid, and improvisatory Jazz traditions that



11

frequently employ different styles of swing or relationships to the beat in their playing (Ellis,
1991; Lehman, 2012). So, even empirically measurable sensitivity to changes in beat may vary
according to musical training and exposure to different musical traditions, as the definition of
what placement with respect to a grid is ideal is obviously dependent on these factors.

For the feature of pitch, we can describe the necessary physical difference between
pitches such that a listener is able to correctly report their difference greater than half of the time.
The JND for detecting differences in pitch varies according to other features of the sounds and
by task demands. When notes are played in quick succession and listeners are asked to make a
judgement about whether the sounds were the same or different pitch, they score above chance
when the difference between the notes exceeds about 0.5% of the former’s frequency (Justus &
Bharucha, 2002), though this interacts with our logarithmic perception of pitch. The JND also
varies according to the time between the pitches, with higher acuity for notes played
simultaneously than consecutively, and for pure sine tones compared to notes with richer
harmonic content (Borchert, 2011). Interestingly, human accuracy in terms of JNDs is not greater
for pitch than features such as brightness or loudness, despite the greater musical weight given to
pitch in most analytical and compositional practices (Cousineau et al., 2009, 2014; McDermott et
al., 2010).

Most musical scenarios involve judging the relative size of intervals as they make up the
contour of different melodies, or comparing these melodies themselves, rather than judging the
similarity of two consecutive pitches. People with Western Classical musical training are able to
be accurate in size judgments between two intervals when their size differed by as little as 100
cents, about the distance from one piano key to the next (if that piano, like most nowadays, is

tuned in twelve-tone equal temperament), while nonmusicians are similarly accurate when the
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difference is slightly larger, at to 125 cents (Zarate et al., 2012). This difference according to
musical training highlights the flexibility of this boundary according to learned musical
structures. In fact, a sizable number of musical practices utilize differences in pitch smaller than
a 12TET semitone of 100 cents. The difference between notes characterizing the particular ragas
in Indian Classical music are as small as one twenty-secondth of an octave (approximately 55.54
cents), and those between magamat in Arabic Classical traditions are in terms of quarter tones, or
approximately 25 cents (Gann, 2019). Additionally, there exists a rich world of microtonal
composers who through various techniques employ notes much closer in pitch than 100 cents
(the “Hyperchromatica” collection by Kyle Gann makes for a fun entry point).?

In addition to ideas of mere proximity as a heuristic for the similarity of pitch ideas, a
more complex notion of continuity may also guide our perception. Continuity, in my use, will
refer to the influence of familiar musical systems on the perception of sounds. Work by Goldman
et al. (2020) demonstrated that even among trained musicians, those who frequently improvise in
musical practice show behavioral and neural differences when perceiving harmonic progressions
whose second of three chords was sometimes varied. In fact, even mere exposure to different
musical systems may be important in forming our perceptions of complex musical stimuli. Even
in an experimental setting, when certain pitches are presented more frequently than others for a
short period of time, people are faster to make recognition judgments and likely to rate a pitch as
more pleasurable when presented with a more common pitch, compared to an uncommon one
(Ben-Haim et al., 2014), and similar effects can be found when listeners are introduced to new,

unfamiliar tonal systems (Sandbank, 2019).

2 While the accompanying YouTube playlist includes “Rings of Saturn,” you can also visit
https://kylegann.com/Gannmusic.html for .mp3’s of these and other pieces.
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Western systems of tonality may interact powerfully with our perception of pitch
intervals. When asked to make judgments about the size of the interval between two notes,
between which a short musical example is played, accuracy in those judgments are higher when
the musical example is tonal, or in a familiar key to a Western listener, rather than atonal (Graves
& Oxenham, 2017). Neto et al. (2021) had students from Western conservatories in Canada and
Brazil listen to a short primer, which could be either tonal (the A melodic minor scale) or atonal
(an ascending set of non-repeating, unevenly spaced notes). After this, participants were played a
set of two notes in A melodic minor forming either a minor third, major third, or perfect fourth,
and asked to provide a subjective rating of the distance between the notes. While both minor and
major thirds are two notes apart in the scale of A minor, minor thirds (three half steps wide, or
300 cents) are smaller than major thirds (four half steps, or 400 cents). By contrast, major thirds
and diminished fourths are both intervals between two notes four half steps (400 cents) apart, but
diminished fourths are three notes apart in the scale, and represent functionally more distant
notes than a major third. When preceded by the tonal primer, participants rated the diminished
fourths as larger than the major thirds, and those in turn larger than the minor thirds. When
preceded by the atonal primer, the size difference between major thirds and diminished fourths
disappeared, suggesting that these intervals are only perceived to be different sizes within a tonal
context that classifies them as differently sized according to scale steps, at least among this
sample of students attending music conservatories.

The harmonic series is a physical and theoretical system that may also highly influence
our perception of the relationship between pitches. While the harmonic series has been
significant to developments of Western music, both art and popular traditions, its influence may

be distinct from that of the harmonic systems developed in Classical or Jazz practices, for
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example. (Demany & Ramos, 2005) played participants inharmonic chords consisting of sine
tones at large, equal distances from each other (e.g., six sine tones each a major sixth apart).
Following this, participants could either be played a note present in the preceding chord, one
absent but about a half step (~100 cents) away from a note in the preceding chord, or one absent
and about halfway between two notes in the preceding chord. While participants were accurate in
reporting the presence of the present notes, and the absence of the half-step difference notes,
participants tended to inaccurately report that the “halfway” target note had been present in the
preceding chord. While by absolute proximity, these “halfway” target notes were more dissimilar
to the previous chord than the target notes a half step away, the “halfway” targets seemed to be
perceived as more consistent with the previous chord, at least enough to drive false positives in
the recognition task. In order to explain the apparent difference in harmonic continuity
participants attributed to these different kinds of target notes, researchers investigated the
potential existence of frequency shift detectors. These hypothetical neural mechanisms are
theorized to be attuned to small changes in absolute frequency between successive sounds, since
these produce larger dissimilarities in two tones’ harmonic series than larger changes in
frequency (Demany et al., 2009; Demany & Semal, 2018).

In addition to harmonic schema, contour may also be a valid component of what makes a
series of pitches continuous or not. Contour consists of directional information between
subsequent pitches in a musical phrase, and can be visualized as the pattern of notes ascending,
descending, or not moving. While when humans are asked to reproduce familiar melodies by
singing them, they often do so in the same key as the original piece (Demany & Semal, 2007),
familiar melodies can be recognized in any key since the exact intervals between notes are

preserved through transposition. This is consistent with everyone’s rendition of “Happy
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Birthday” seeming to be in a different key than everyone else in the room; a melody can retain its
identity regardless of the tonic center. Recognition of transposed melodies may not only depend
on exact transposition, where all intervals are exactly preserved, though. While listeners seem to
be able to distinguish melodies from musical phrases of the same length with random contour,
they don’t perform above chance when distinguishing exacting transpositions of melodies to
ones with the same contour as the original (Dowling, 1978; Kleinsmith & Neill, 2018).
Grouping musical moments

The previous section details our understanding of when we can tell the difference
between particular sound events according to their rhythm or pitch. This allows us to examine
the interesting (non-trivial) cases where we may or may not find sounds to be meaningfully
perceptually similar. However, the experimental settings relevant for determining our recognition
for changes to the features of sounds include incredibly simplified and discretely delivered
sounds. In answering questions about how we determine the similarity of musical moments more
broadly, it’s useful to find additional boundaries concerning how we group discrete sound events
into musical moments at all. This section will outline current methods of understanding how we
group successive sounds into related components of a common perceptual object, to the extent
that we can explain musical moments in terms of musical features.

Looking first towards rhythm, a paper by London (2002) reviews psychoacoustic and
psychological investigations of metric perception, including that of subjective rhythmization, or
when we perceive subsequent notes to be forming beats. On the fast end, we stop perceiving
these beats when the inter-onset interval (I01) between notes exceeds around 100 ms, analogous
to a measure of notes at a tempo of 600 beats per minute (bpm). There exist a few metric

envelopes, or regions of time in which we tend to group hierarchical information. These have
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musical significance, since it would be possible to hear a measure containing six notes either as
six independent notes, as three sets of two, as two sets of three, and sometimes as one full beat
containing six notes. Contextual information interacts with these metric tendencies to inform
what groupings we hear.

The fastest of these metric envelopes is when notes have 10Is of 200-250 ms,
corresponding inversely to a measure in 240-300 bpm. At this speed, subdivisions are rare and
would tend to be simple rather than compound (splitting beats into two rather than three
components), both for the sake of performers’ physical capacities and for the perception of
listeners. The second metric envelope overlaps strongly with the range in which people are most
comfortable spontaneously creating a pulse — when asked to tap at a comfortable and even speed,
for example. Beats are most strongly felt with 101s of 600-700 ms, or at a tempo of 85-100 bpm.
At the slowest end, notes with 101s of 1500-200 ms, or at a tempo of 20-40 bpm, form a lower
limit at which we are comfortable grouping notes in one pulse. Interestingly, this tends to be a
highly subdivided meter, so that listeners hear pulses at lower hierarchical significance at the
reportedly more comfortable level around 600 ms, for example. While musical practice
overwhelmingly tends to align with these regions, pieces such as John Cage’s “ASLSP” (As
Slow as Possible) — currently 20 years into its 639-year performance — push these practical and
perceptual boundaries in the name of artistic experimentation.

Research in auditory scene analysis investigates whether listeners explicitly report
hearing audio as either one or two “streams” of audio — that is, whether diotically presented
sounds are perceived as a single unit, or two separate ones. Evidence from this field is consistent
with proximity being an important principle in how and whether we associate sounds. Work by

Snyder et al. (2008) showed that when participants heard a repeated pattern of two notes, they
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were more likely to report hearing two distinct “streams” or sources of sound as the interval
between the two notes increased. When the notes were an octave apart, greater than 95% of
listeners reported hearing these notes as separate streams. In addition to this effect of the interval
between notes on a given trial, participants’ perception of either one or two streams was also
significantly affected by the intervals they heard in previous trials, even as long as 15 seconds
later. Having heard the notes in unison in a previous trial increased the likelihood participants
would hear two streams in the current trial when hearing any interval greater than a unison, with
the reverse effect for having previously heard an interval of an octave.

This anchoring effect, where previously heard sounds seem to change the parameters of
expected sounds in the future, is consistent with previously discussed literature describing the
effect that musical systems such as tonal systems and the harmonic series have on perception.
Additionally, composers have employed processes of time-dependence in generative
compositional processes. Markov chains have been one way of computing the likelihood of a
subsequent note given features of the previous note. As one example, the Illiac Suite (1957)
algorithmically determined the intervals between notes based on judgements of the proximity
between notes as well as their harmonic relationship or continuity (Ames, 1989).

James Tenney, a music theorist and composer, has written extensively about methods of
algorithmically determining how sections of music are likely split into smaller perceptual units
(Tenney, 2015b, 2015a). His goal has been to make rigorous the definition that when one unit of
music is more internally similar than similar to neighboring units, this drives perceptual cohesion
of the similar unit, and distinction from other nearby units. Decisions about these groupings are

made by integrating information about multiple features of music, including time, pitch class,
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and the intensity of the notes. Tenney’s models depend on weighting each of these features, so
that they are linearly combined to compute holistic similarity between musical moments.

With the coding help of Larry Polansky, their mathematical model analyzed the
compositions of a few composers, producing sketches of the perceptual objects at different
hierarchical levels. The weights for each musical feature found to be ideal varied according to
composer, and are summarized in Figure 3. Tenney noted the difference in the weights for the
parameter of intensity representing a tendency for the markings of fortissimo or pianissimo
dynamics, for example, to be structural rather than expressive decisions for Varése and Webern
compared to Debussy. However, Tenney remarks that the weights for pitch were mostly arrived

at through trial and error, with no clear theoretical — or statistical — rationale governing the

selection process. Kigure 3.
Features and weights reported by Tenney (1978).
This model divided duration pitch intensity timbre
. . ‘arese 0 0.67 6.0 20.0
pieces into moments at Varése ' ) :
Webern 1.0 0.5 6.0 0.0
different hierarchical levels, Debussy 1.0 15 5.0 0.0
divisions that were useful Duration referred to 10 ms segments of time, pitch to the number of half steps between notes,

intensity (loudness) to an ordinal difference in notated dynamics (e.g, there is one unit

. ) between a mezzoforte and forte), and with timbre referring to dummy variables corresponding
for further music theoretical (o each instrument in a given piece.

analysis conducted by Tenney of the selected pieces. Certainly, assuming the model is effective
in dividing the score into units similar to those perceived in the mind of a listener, it is useful to
base score analyses on these divisions rather than ones based purely on reading written music, or
even through a dialogic process of re-listening and re-marking an understanding of the piece in
written form. However, there are several drawbacks to the model as proposed and worked
through in 1978. Tenney’s model computes several levels of hierarchical groupings, with each

higher-level grouping computed in succession; first, all of the smallest units (“elements”) are
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identified, and then the model runs through the whole piece again to group these “elements” into
“clangs,” and so on up to the level of the whole piece. This iterative process by the model is
likely a departure from the human ability to perceive different groupings at different hierarchies
simultaneously when listening to a piece of music.

Another notable difference in the model’s computational process arises from the
operationalization of the feature of pitch. Tenney notes that pitch was computed by the number
of half steps between two adjacent notes (the absolute difference in their ascribed MIDI number).
This computation is therefore done without respect to the scalar role of notes, information which
we know from work by Neto et al. (2021) affects the perception of interval size. Additionally,
this computation doesn’t take into account the surrounding harmonic context accompanying any
pairs of notes; we know from work by many scholars in music cognition that the harmonic
context can affect recognition judgements, and any music theorist or performer would tell you
that the harmonic function of a set of notes changes depending on their association with other
chordal material present. So, Tenney’s model may still lack the power to incorporate harmonic
information into its division of pieces into perceptual units.

Tenney writes about another significant drawback of his work at that point: these
different features, while weighted differently, are still linearly combined to define the holistic
similarity or dissimilarity between subsequent notes. Already, we have found ways in which
tonality and rhythm interact to determine whether or not listeners can recognize differences in
notes on axes of pitch and rhythm (e.g., E. M. O. Borchert, 2011; Graves & Oxenham, 2017).
How and whether we group musical moments into perceptual objects also seems to depend on
interactions between these features. For example, in a study by Moelants and van Noorden

(2005), participants were played looped polyrhythms that varied in different aspects of pitch and
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rhythm (overall tempo, polyrhythm density, and pitch interval), and told to tap along to the beat
however the saw fit. When the pitch interval was greater — as the two notes in the polyrhythm
were farther apart — participants were less likely to tap in time to the overall beat. They instead
tapped in time to one of the two notes in the polyrhythm, but this pattern seemed to depend on
the polyrhythm and overall tempo. When the polyrhythm was less dense (e.g., 5:2 rather than
5:4), people were more likely to tap along to the fast component rather than the slow component.
Similarly, at slower tempos, participants were more likely to tap in time to the fast component of
the polyrhythm. Prince et al. (2009) found that the delay between the musical example and the
onset of the second note affected judgments about the interval between the first and second note
under certain circumstances. When the musical example was tonal, the delay did not affect
accuracy; however, when the musical example was atonal, accuracy was significantly higher if
the second note was played on the beat established by the example, rather than off the beat.
Summary

From this multidisciplinary approach to our perception of sound, we have gained many
useful frameworks to guide our inquiry into judgements of perceptual similarity between musical
moments. Beyond the boundaries at which we can ascribe difference to musical sounds, we
know that different sounds can be considered similar if they are in agreement with each other in
terms of familiar musical systems to listeners. Notions of resonance and harmonic series
relationships govern metric entrainment and many harmonic systems of pitch; training in certain
musical practices and short-term exposure to certain sounds can change which heuristics of
continuity are most salient when judging musical material; features such as pitch and rhythm

interact in nonlinear ways when we form holistic perceptual judgements of musical moments.
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There remains ample room for further research to understand more precisely how certain
types of listeners ascribe similarity or difference to musical moments, and under what conditions
different or competing heuristics from familiar musical systems are employed to guide these
judgements. However, | would like to address one key inference that poses a weakness in the
work we have reviewed so far concerning musical perception: we have not been measuring
perception. Psychological research has depended on measuring behavioral responses, such as
when participants can report recognition or when and how they produce sounds by singing or
tapping. Music theoretical work has depended on a dialogic engagement between physically
denotable divisions of a piece and an interactive representation of the musical work in the
analysts’ mind; Tenney and Polansky tuned the weights of their model so that the divisions
produced by the computations were in line with their ideas about where perceptual objects
should be in the pieces.

In order to strengthen the body of literature investigating music perception, | hope to find
a way to make inferences about people’s perceptual experiences without relying on their
behavioral responses to music directly. As one way of forward, | will borrow from the
psychological study of memory.

Context-Dependent Memory

An active subset of memory research focuses on context-dependent memory (CDM), a
theory which states that when someone learns target material in a given context, they will do
better on a test of that material when that context is present, rather than absent, during the test.
Conceptually, the definition of context can refer to anything and everything that is not the target
material itself: features of the room someone is in, how hungry they are, their mood and

wandering thoughts, the sound of people talking a room away, the smell of paper in front of
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them, the din of computers buzzing behind them, and so on. Experimentally, researchers focus
on manipulating features of a background environment that are complex but temporally stable, so
that these contexts are associated with a longer event rather than a small moment within a lab
procedure (Stark et al., 2018). To be functionally useful, different contexts must also exceed
perceptual thresholds to be considered different, and must have some degree of behavioral
relevance; while a context doesn’t need to be explicitly presented as related to the target task
(and many studies do not direct participants’ attention directly to the context), if a context is not
salient enough to enter at least pre-conscious awareness, it will not be an accessible part of
memories formed during the task. The theory of context-dependent memory emerges from our
understanding of episodic memory, and is related to the encoding specificity principle, which
states that a memory for learned information or events includes not only the target information,
but other information present during encoding such as task demands, how the material was
learned, and other extraneous detail. Evidence for context-dependent memory has been found in
a diverse range of such contexts, including but not limited to odor (Ball et al., 2010; Cann &
Ross, 1989), state (Eich, 1980), incidental room environments (for review, see Smith & Vela,
2001) and imagined rooms (Masicampo & Sahakyan, 2014), and — of special interest to the
present study — background music (Balch et al., 1992; Balch & Lewis, 1996; Isarida T. K. et al.,
2008; T. K. Isarida et al., 2017; Mead & Ball, 2007; S. M. Smith, 1985).

Computational models of memory and neurological research have worked jointly to
refine theoretical and practical motivations in the study of context and memory. The temporal
context model (TCM) sought to provide a unified explanation of the recency and contiguity
effects seen in free recall (Howard & Kahana, 2002). The recency effect refers to more recently

presented material being more likely to be recalled than older material, while the contiguity



23

effect refers to an asymmetrical effect where words presented close together in time are more
likely to be recalled together, and such that words are most likely to be recalled in the same order
as they were learned (i.e., recalled in sequential order rather than backwards). The components of
the model include a slowly drifting representation of temporal context that is bound to a
representation of items during encoding, with later updates to the memory of this item involving
joint representation of the previous and current temporal context. Polyn et al. (2009) expanded
TCM to detail a model of context maintenance and retrieval (CMR) that accounts not only for
temporal context, but for list context and inter-item associations such as words’ semantic
connections, providing additional explanatory power for source and semantic clustering effects

in free recall paradigms.

Neurological evidence for this slowly drifting temporal context has been found in
electrocorticographic recordings of the temporal lobe and in whole-brain analyses (Manning et
al., 2011). A body of animal studies involving lesions to the hippocampus have found such
lesions to inhibit animals’ ability to respond to previously learned contextual information, and
their ability to respond appropriately to changes in contextual information (D. M. Smith et al.,
2004), and the hippocampus is taken to be critical for integrating contextual and target
information in episodic memory. Additionally, during recall processes Manning et al. (2011)
found evidence for the reinstatement of context while retrieving target information. The
hippocampus has also been recorded as sending information critical to distinguishing different
periods of a task (e.g., earlier or later during a learning phase) to regions such as the cingulate
cortex and anterior thalamic regions (S. M. Smith, 2009), and these as well as regions like the
dorsolateral prefrontal cortex may play an important role in updating memory representations

with previously integrated contextual information (Polyn & Kahana, 2008).
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Theoretical explanations of context-dependent memory have emphasized the existence of
multiple, complex components of the overall context present during encoding. For example, the
mental context hypothesis states that the overall context during learning includes details about
one’s environment, their mood, thoughts, and associations with learned material (S. M. Smith,
1995). While it follows that memory for learned material is likely to be better when one specific
part of the learning context — for example, a happy mood — is also present during a test rather
than absent, the mental context hypothesis also accounts for reasons this may not be the case.
Since one’s mood is not the only component of these contexts, it may not also be an important
enough component on any given task to drive a context-dependent memory effect. Even when
the maintenance of mood context is enough to contribute to improved memory, forgetting due to
changes in other aspects of context — the temperature of a room, for example — may still occur. In
fact, someone’s representation of the slow drift of time and of the type of task they’re performing
may be inextricable changes to someone’s mental context between learning and a test.

One initial corollary to this hypothesis is that memory is more greatly affected by
multiple changes to context between learning and test periods, compared to more simple
changes. For research in place-dependent memory (for review, see Smith & Vela, 2001),
evidence for this included greater effect sizes for CDM effects when context manipulation
included changing the room environment, experimenter identity, and different internal factors for
a participant, compared to only manipulating the room environment (T. Isarida & Isarida, 2014).
This may be in part due to only certain manipulations crossing some threshold necessary for
changes to be significant under task demands. In terms of the mental context hypothesis, given a

greater proportion of dissimilarity between one’s overall mental contexts at learning versus



25

during a test, we can expect fewer context cues to be readily available to facilitate recall,
resulting in poorer memory performance.

This has made it especially compelling when manipulating only one aspect of context
produces a reliable effect, such as one of the earliest CDM studies that assigned participants to
either an underwater or above-water context between learning and test (Godden & Baddeley,
1975), manipulating specific odors in the same room environment (Mead & Ball, 2007), or
manipulating the tempo or key of a musical piece independently (Balch & Lewis, 1996; Mead &
Ball, 2007). Of course, these manipulations don’t preclude other aspects of mental context
functioning as covariates; to this end, there has been a significant effort towards teasing out the
contribution of mood, in particular, toward these effects (Balch & Lewis, 1996; Eich & Metcalfe,
1989; T. K. Isarida et al., 2017).

Task demands often influence the boundaries and importance of different contexts. For
example, work found an effect of mood-dependent memory for words generated by participants
in a given mood state, but not for words decided and presented by experimenters (Eich &
Metcalfe, 1989). A hypothesis of mood’s mediation of place-dependent memory effects, first
proposed by (Eich, 1995), has been weakened by some evidence of moderating factors such as
this; if mood as a context does not drive memory effects in the robust set of situations in which
place-dependent memory effects have been found, it’s hard to build a case that mood is a unique
mediating factor for such effects. This is corroborated by evidence from animal brain studies,
which have found that differences in patterns of hippocampal neuron firing are produced not
only when the geometry of a room environment change, but also when task demands, perceived

autonomy, or the types of rewards offered are manipulated (S. M. Smith, 2009).
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Music-Dependent Memory

In the first study to establish background music as a context that could elicit context-
dependent memory benefits, Smith (1985) found that participants who were tested on previously
studied words after a 48 hour delay showed decreased levels of forgetting if they listened to the
same background music at test as they had while studying the words. In Experiment 1,
participants either heard Mozart’s Concerto No. 24 in C minor, "People Make the World Go
Around" from Milt Jackson’s Sunflower jazz record, or no sound while studying a list of
common words and during an initial, immediate test of how many words they could recall. When
participants returned two days later, they were administered a surprise delayed test of free recall
while either the Mozart, jazz piece, or no sound played in the background. For those who studied
with music in the background, the number of words recalled at the delayed test was higher if they
listened to the same selection, rather than the different selection or no sound. For those who
studied with no music in the background, their ability to recall words during the delayed test was
not significantly changed by whether music was played at the delayed test, providing some
evidence against suggestions that memory effects are more caused by the distraction of
background music. Experiment 2 replicated this general finding, and also showed that white
noise was able to similarly function as a background noise context.

Subsequent work on music-dependent memory focused on teasing apart what features of
background music may be most important for eliciting the CDM benefit. Work by Balch et al.
(1992) used four different instrumental pieces that varied in genre (either Classical or Jazz) and
in tempo (either slow or fast), and found that the proportion of words participants could recall
during a surprise test was most disrupted when they heard music with a different tempo at test,

compared to those who heard music of a different genre at test. Replicating this tempo-dependent
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memory effect, Balch and Lewis (1996) found that there was a stronger CDM benefit for tempo
compared to genre in Experiment 1, and compared to timbre in Experiment 2. This work
controlled for the key of included pieces, with the first author playing all selections in C major.
In addition to this effect of tempo, Mead and Ball (2007) demonstrated that manipulating the
tonality of a piece could produce a CDM effect, using Chopin’s Waltz in A Minor, either played
in the minor key as written or in A Major by a professional pianist.

Work by Isarida et al. (2017) challenged the strength of these findings in a similar study,
where participants learned words while hearing a piece of music that was either fast or slow, and
either in a major or minor key. Performance in a surprise test of recall was greater for those who
heard the same piece of music rather than a different one during the final test, replicating the
general CDM effect. However, those who heard a different piece of music at test did not perform
significantly different from each other whether the piece of music had the same or different
tempo or tonality to the original piece heard during learning. That is, the similarity of two
different musical pieces’ features such as tempo, tonality, or so on is not always sufficient to
ameliorate memory detriments expected when the background music context is different. The
authors’ exclusion of a condition where participants heard the same piece of music that varied in
tempo or tonality at test makes it difficult to draw conclusions about whether manipulating those
features is sufficient to make the altered musical piece be perceived as a different piece, resulting
in weakened memory performance.

Methodological Review

The broader literature of CDM research has a fair amount of methodological variance,

with effects found in recognition as well as recall tests, when studying words as well as visual

information such as faces, using indirect measures of memory, and differences in the delay
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between learning and test, just to name a few. The subset of studies focused on background
music as a manipulable context are fewer and in some ways more consistent. My goal here is to
note in what ways the present study was consistent with this literature, and where it departed.

All cited music-dependent memory studies test verbal memory rather than visual
memory. Interestingly, a small study by Echaide et al. (2019) demonstrated that instrumental
background music affected initial and future recall of visuospatial items, but did not impact
similarly measured memory for words, suggesting that the use of words as target information
rather than images is more useful if researchers hope to find music-dependent memory effects.
These studies also almost always present words visually and test participants on them in a
written format, although Smith (1985)’s Experiment 2 provided some evidence that the CDM
effect is more pronounced when words are presented aurally rather than visually. However, aural
presentation of words is not common in other music-dependent memory studies, and poses
technological difficulties when researchers don’t have fine control over how participants listen to
audio. While studies investigating contexts such as odor have found significant effects for tests
of recognition (Ball et al., 2010; Cann & Ross, 1989), and Smith and Vela (2001)’s meta-
analysis found evidence for context effects when testing recognition, studies of music-dependent
memory have exclusively utilized tests of free recall. Therefore, the present study tested memory
for words presented visually through a delayed free recall test.

Though Smith (1985) exclusively measured recall after a 48 hour delay, Balch et al.
(1992) replicated a music-dependent memory effect for an immediate test of recall but could not
find a consistent effect for the test after a 48 hour delay. Subsequent work consistently utilizes
immediate tests of recall, often after a relatively short delay (ranging from 30 seconds to 5

minutes). During these delays, many authors played intentionally distracting music (work by
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Balch and colleagues (1992, 1996) featured atonal bamboo flute music, and Mead and Ball
(2007) favored birdsong) in order to reduce potential effects of distraction for those who heard
different or altered music compared to those who heard the same piece during the test. So, the
present study follows suit, employing a relatively immediate test of free recall after a delay
shorter than five minutes. During the delay period, participants will listen to pink noise while
performing a visuospatial task. While pink noise is not likely to be as distracting as the sounds
used in previous studies, it provides some control over the auditory context of participants during
this phase, so that the transition to the test phase is comparable between participants;
additionally, the manipulations of musical stimuli in the present study concern specific, small
changes to harmonic information, so the delay period sound was selected to not contain
confounding harmonic or melodic information.

Another point of difference between the Smith (1985) study and others is the exact
mechanism by which participants learned words. Smith (1985) had participants study words
intentionally, for an expected immediate test of free recall. They then found an effect of musical
context on a surprise test of free recall after a 48 hour delay. Utilizing intentional learning is
beneficial for the non-associative processing it may encourage in participants while studying,
and Smith and Vela (2001)’s meta-analysis found that for incidental room environments, the
mean weighted effect size for CDM effects were significantly lower when the processing of
words at encoding was associative (d = .13), rather than non-associative (d = .33) or otherwise
not specified (d = .38). However, work by Isarida et al. (2008) found no effect of musical context
on participants’ memory of words studied intentionally, when a test of free recall was employed
after a 30 second delay. These authors did find a significant effect of musical context on

participants’ memory of words studied incidentally, where participants were shown each target
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word individually and asked to audibly state as many verbal associates as possible in the five
seconds for which the word was presented. This is consistent with many other recent studies in
music-dependent memory, which utilize incidental learning, short delays between learning and
test, and have produced significant effects of musical, genre, and tempo as contexts (Balch et al.,
1992; Balch & Lewis, 1996; Isarida et al., 2017; Mead & Ball, 2007). In order to more closely
replicate the methodologies of more recent work in music-dependent memory and employ a
paradigm in which there already exists evidence that context changes can differentially affect
recall, the present study employed incidental learning, with participants rating a subset of the
words used by Mead and Ball (2007) for the pleasantness on a likert-type scale.

Related to the manner of learning, there is conflicting evidence on whether the number of
times words are shown to participants affects the strength of context-dependent memory effects.
Within participants who learned words incidentally, Isarida et al. (2008) found in a within-
subjects comparison that there was an effect of context on the recall of words presented once, but
not those presented twice during the learning phase. The authors concluded that presenting words
twice strengthened their representation while diminishing their association with the surrounding
background-music context. However, Mead and Ball (2007) did find significant effects of
background music’s key on participants’ free recall of words presented twice in random order.
While it is unclear what produced the null effect in Isarida et al. (2008)’s study but not that of
Mead and Ball (2007), the present study is more methodologically similar to the latter than the
former: | used English rather than Japanese words, had participants rate words for pleasantness
rather than verbally report associates, and did not manipulate the number of times words were
presented within subjects. Therefore, | opted to display words twice in a random order during the

incidental learning phase.
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Perhaps even more significantly, to the best of my knowledge every study investigating
music-dependent memory has thus far operationalized music as background music, such that
their stimuli consisted of rich, complex instrumental musical examples, overwhelmingly pulled
from Western Classical repertoire, occasionally also featuring American Jazz pieces. This is not
to say that these pieces have been employed without rigor. While most studies justified their
selection of pieces as ones likely not to be familiar to their college-aged participants, Mead and
Ball (2007) also reported results of a pilot study that verified that students at their institution
tended to rate the chosen Chopin waltz as “neither particularly familiar nor unfamiliar” (12).
Additionally, although most studies used a single musical selection per condition (e.g., one piece
that was both slow and in a minor key, one piece that was fast and in a major key, etc.), authors
Isarida and Isarida frequently employed multiple selections per condition, in order to present
results that could more robustly be explained by shared features of these pieces rather than
particularities of single examples (Isarida T. K. et al., 2008; T. K. Isarida et al., 2017).

Even using verifiably unfamiliar musical selections and varying specifical musical
features while controlling for target ones, it is not far-fetched to say that there remain similarities
and dissimilarities not controlled for between selected pieces: the timbre of instruments, melodic
contours, arrangement techniques, chord progressions, harmonic or melodic structure,
differential salience of an instrument in a given moment, the overall mood or social context
invoked by a piece of music, may all vary in ways uncontrollable and sometimes inarticulable.
All of these musical features may connect moments of music in surprising ways, and may evoke
other memories in surprising ways. Effect sizes of context change on memory are greater when
multiple features of a context are changed at once, compared to when single features are

changed, a common finding that mental context theory offers explanation for. So, efforts to
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report significant effects of background music as a context are strengthened when changes in
background music are complex. The present study is an effort to begin inquiry into what
combinations of musical features produce these rich and sometimes deeply personal subjective
experiences of music, and connections between musics. The effect sizes of hypothesized effects
are likely to be smaller than other studies, but differences would be strong evidence for music-
dependent memory effects dependent specifically on the feature of pitch interval — a perceptual
feature that is complex in its own right.

Present Study

The present study investigated whether the framework of a context-dependent memory
experiment would be a valid way to assess the perceptual categorization of musical examples by
varying the pitch interval of a simple piece of background music between its presentation during
the learning and the test of words. This study focused on only manipulating the dimension of
pitch of one note, in order to alter the interval formed between two pitches. Out of a desire to
maintain some complexity to rhythm in order to retain some generalizability to other musical
situations, these notes were complex pitches played back in a polyrhythm. In particular, I chose a
5:4 polyrhythm played at 150 BPM, which Moelants and van Noorden (2005) found to be a
combination at which tapping preferences between the fast-versus-slow components and the
high-versus-low notes to be split most evenly.

Key to the motivation of this study is the notion that context-dependent memory effects
are driven by the complex and multiple components of a given context. The integration of
contextual information and target material is in part built on associations between the features of
the context — here, the timbre of notes, perceived rhythmic emphasis, and pitch content — and the

features of the target material being studied — here, English words. Differences in the pitch



33

interval of the musical context may be critical for some of these context-target associations.
Additionally, a context may be usefully recalled to aid retrieval based on its holistic
representation, distinct from merely the sum of its features. Here, while changes to absolute pitch
distance may be a significant change to this feature of the musical context, if the impression of
the harmonic material is not severely altered, physically different sounds may still cue the same
global impression of the original musical context.

So, the present study sought first to replicate an expected music-dependent memory
benefit, testing the effect of hearing either no audio, or the polyrhythm at a same or a different
pitch interval, on delayed recall of learned words. It was expected that those who heard the same
audio would recall more words than those who heard no audio at test. If the difference of pitch
interval is sufficiently perceptually distinct, those who heard different audio would be expected
to recall fewer words than those who heard the same audio. Furthermore, if pitch interval is of
unique importance to the present background sound context, those who heard different audio
would be expected to not perform differently than those who heard no audio during the delayed
test of recall. However, if remaining similarities between the different audio and the original
audio are still beneficial to contextual reinstatement processes, those who heard different audio
would be expected to recall more words than those who heard no audio at test.

While this comparison can give insight into how crucial the broad construct of pitch
interval is to a musical context, further investigation is necessary to tease out how pitch interval
creates musical contexts. Specifically, the current study classified pitch intervals according to the
octave level and interval class of the interval created between the two notes of the polyrhythm.
Octave level categorically defines the register of the interval, such that an interval smaller than

one octave is in the first octave level, but one between two and three octaves is in the third
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octave level. The interval class of an interval refers to the music theoretical name of an interval,
irrespective of octave displacement — i.e., we will call the distance between a C and a G a perfect
fifth, no matter how many octaves are between the particular notes C and G. Compared to those
who heard the same audio — with both the same interval class and octave level — at test as during
learning, | hypothesized that fewer words would be recalled by those (1) who heard the
polyrhythm at a greater octave level at test, and (2) who heard different interval classes than that
of the perfect fifth heard during the learning phase.
Pilot |

It is well-known that different musical intervals can evoke different subjective experiences in
listeners. Therefore, a small pilot study was conducted to inform the selection of sounds for the
main experiment. Out of the 12 interval classes, four were selected that (a) each did not offer
significantly different subjective experiences at different octave levels, (b) did not significantly
differ from each other in these subjective experiences, and (c) satisfied musical constraints.
Method
Participants

Participants were recruited either through social media or through Amazon’s Mechanical
Turk (MTurk) with the use of TurkPrime by CloudResearch (Litman et al., 2017) between
December 28, 2020 and February 11, 2021. Participants recruited through social media received
compensation of $6.25 for an approximately 30-minute task, in accordance with New York State
minimum wage as of January 1, 2021; participants recruited from MTurk received compensation
of $3.75 for the task after providing a valid completion code, in accordance with the United

States Federal minimum wage.



While 72 participants completed
some portion of the task and had data
stored on Inquisit’s servers, this included
only 61 complete responses (Mage = 31.82,
SDage = 12.88). Of these, participants were
excluded who failed to identify the
direction between pairs of notes more than
half the time, who could identify the
correct musical name for intervals all of
the time, who reported turning off audio
during the task, and/or who reported not
providing intentional answers during the
task. After these measures, 45 participants
(Mage = 33.51, SDage = 13.95) were
included in analyses. For full demographic
information, see Table 1.

Materials

Musical Stimuli. All musical
stimuli consisted of a 5:4 polyrhythm
played at pitch intervals ranging from a
minor second to three octaves apart, for a
total of 36 possible pitch intervals. These

form three distinct octave levels, and
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Table 1. Demographic Data in Pilot Experiment

Race
African-American/Black
Asian
Hispanic/Latino
White/Caucasian

sum
Gender
Female
Male
Nonbinary
Other

sum
Platform
and
ios
mac
win

sum
Musical Training
No
Yes

sum
Plays Music
No
Yes

sum

Age

Years Musical Training
Weekly Playing Hours
Weekly Improv Hours

Weekly Music Listening

Full Data

n

51

64.00

32

20

61.00

20
34

61.00

23
38

61.00

37
24

61.00

Full Data
mean
31.82
2.00
17.39
4,46

10.65

sd
(12.88)
(1.62)
(22.98)
(4.03)

(12.09)

Analyzed Data

n

38

48.00

22

15

45.00

15
26

45.00

15
30

45.00

26
19

45.00

Analyzed Data

mean
33.51
1.50
12.78
3.67

10.86

sd

(13.95)
(0.71)
(15.12)
(2.59)

(13.39)
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thirteen possible interval classes, the name used to refer to an interval (e.g., a perfect fifth and a

major third are different interval classes). Stimuli were created in Musescore (Schweer, 2020)

and exported to .mp3 files to be played through the Inquisit Web 6 player (2020). At each pitch
interval, stimuli were looped indefinitely with a period of 1600 ms, equivalent to a tempo of 150
beats per minute (bpm), to equalize the perceptual salience of each rhythmic component
(Moelants & van Noorden, 2005). For full description of musical stimuli, see Appendix A.

Interval Recognition Task. In order to confirm participant’s self-reports about hearing
ability, perfect pitch or pitch blindness, and functioning audio equipment, they completed a one-
minute interval recognition task in the Inquisit Web 6 player. Participants were asked to make
judgments about the direction and quality of six intervals, played both melodically (so that
participants heard the first and then the second note) and harmonically (both notes played at
once). Notes were played as quarter notes at 150 bpm; the audio example lasted 5 s. After
hearing the interval, participants were first asked whether the second note was higher or lower
than the first note, and then were asked to either select which musical interval name best
reflected the interval they heard, or respond “I do not know”. Participants who provided the
incorrect direction for four or more of the six intervals, or who provided the corrected quality for
all six intervals, had their data removed from main analyses.

Lexical Decision Task. Participants completed an adapted version of the Lexical
Decision Task available in the online Millisecond Test Library (K. Borchert, 2020) in the
Inquisit Web 6 player. Lists of words and nonwords were generated through the English Lexicon
Project (Balota et al., 2007), selected to be comparable in length and such that the English words
were high in concreteness and neutral in valence. The full list of words is available in Appendix

B. During the approximately three minute task, a word or nonword was presented on screen


https://www.zotero.org/google-docs/?vZq8f6
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briefly (250 ms), followed by a fixation cross for the duration of the response period (700 ms).
During the response period, participants used key presses to categorize the characters as either a
word or a nonword. Participants were instructed to respond as fast as possible while maintaining
accuracy. The accuracy and reaction time, measured from stimulus onset, of their judgments
were recorded.

Musical Feature Ratings. Participants were asked to make judgments about the musical
features of sounds they heard using likert-type scales in the Inquisit Web 6 platform. They were
presented with statements such as “This sound was familiar” and were asked to indicate their
personal agreement with the statement on a scale of 1 (strongly disagree) to 7 (strongly agree),
with 4 as a neutral midpoint (neither agree nor disagree). For each sound, they judged familiarity,
pleasure, consonance, engagement, distraction, and valence.

Demographics and Musical Experience Questionnaires. Participants were asked to
provide their age in years, gender identity, and any applicable race or ethnicity labels in
demographics questionnaires. Additionally, they were asked to provide information about
musical training and experience, instrument practice habits, and music listening habits.
Procedure

Participants who were determined to qualify and provided informed consent for the
present study completed the experiment in the Inquisit Web 6 player (Inquisit 6 Web, 2020).
They first completed the interval recognition task, confirming audio playback on their device.
For the main task, participants heard all 12 possible interval classes in a random order, and each

interval class at one of three octave levels. See Figure 4 for an overview of the main task.



38

Figure 4. For each pitch interval at which
Procedure for the pilot experiment.
Lexical Decision Task participants heard the musical stimuli, they

Girbd| \ completed both the lexical decision task and
+ & ‘))) nﬂﬁ

—rTeacher the musical feature ratings. Each sound would

Participants judge whether a Simultaneously, they listentoa  play on a repeated loop for the duration of the
character is a word or nonword  5:4 polyrhythm at a given pitch

(360 s). interval (repeats 225x in 360 s).

i ) lexical decision task and during the musical
Musical Feature Ratings

“The sound was familiar.” feature ratings, for an approximate total of two
Neither
Strongly agree Strongly . . . .
Disagree — Agree minutes. After completing this for all pitch
I

1 2 | & | & 5 6 7 ) o _ _
intervals, participants were provided with

Participants judge the sound heard during the lexical
decision task according to familiarity, pleasurability, . . .
consonance, engagement, and valence. demographlc and musical experience

questionnaires. Finally, they were thanked, debriefed, and provided payment.
Results
Measures

In order to adjust for the repeated measures of participants’ accuracy, reaction time, and
responses to the musical feature questions, z-scores were computed for these eight dependent
variables for each of the 12 intervals a given participant heard, with respect to the participant’s
mean for the variable across all pitch intervals. For example, if a participant rated the perfect
fifth as more “happy” than the average of all twelve “happy” ratings they provided, the z-score
for the perfect fifth’s happy rating would be some positive number. A measure of overall
abnormality was computed for each of the 36 pitch intervals heard by participants by taking the
root sum squared of the z-scores corresponding to reaction time and the six musical feature
questions. A targeted measure of abnormality was pre-registered to be computed in a similar

manner as overall abnormality, including only the musical feature questions whose z-scores were
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significant predictors of z-scores for reaction time or accuracy. However, two simultaneous
regressions found that no standardized musical features significantly predicted standardized
reaction time or standardized accuracy (in both models, all p’s > 0.05 for predictors, and both
R%dj < 0.01, p’s > 0.05). Therefore, the targeted measure of abnormality was not computed; when
it would have been used, analyses were conducted on the eight dependent variables separately.
Pitch Interval Selection

The first pre-registered criteria for sounds to be selected for experimental use is that the
overall abnormality associated with an interval class should not significantly vary across its three
octave levels. To test whether this within-interval-class variation occurred, a grouped one-way
ANOVA was conducted, analyzing variance in overall abnormality by octave level, grouping by
interval class. Because this consisted of 12 simultaneous tests, a = 4.166x10- = (0.05/12) was
taken as a Bonferroni-adjusted threshold for significance (Jafari & Ansari-Pour, 2019); at this
level, no interval classes significantly varied in overall abnormality by octave level.

The interval classes of the perfect fourth and fifth were of special interest for this
guestion: since one of them would serve as the learning phase interval for all experimental
participants, these should especially not vary in overall abnormality by octave level, or other
selected intervals should vary similarly by octave level. The perfect fourth did not vary by octave
level (F(2,42) = 0.353, p = 0.704). However, the perfect fifth trended toward varying by octave
level (F(2,42) = 2.986, p = 0.061), with post-hoc analyses using Tukey HSD pairwise
comparisons showing that this was due to the perfect fifth at the first octave level being rated as
less abnormal than usual (M = 1.396, SD = 0.950) compared to at the second (M = 2.017, SD =

0.741) and third octave levels (M = 2.110, SD = 0.699).
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In order to determine whether any pitch intervals differed from others in overall
abnormality, a 3x12 ANOVA was conducted with the factors octave level and interval class.
This found a significant effect of interval class, F(11,504) = 1.517, p = 0.019. However, a Tukey
HSD post-hoc test found no significant pairwise differences after correcting for multiple tests, all
p’s > 0.05. Therefore, further analyses were conducted to see whether the octave level and/or
interval class had an effect on the eight standardized dependent variables: reaction time,
accuracy, and the six musical feature ratings. Because this consisted of conducting eight 3x12
ANOVAs simultaneously, a = 6.25x102 = (0.05/8) was taken as the Bonferroni-adjusted
threshold for statistical significance. At this level, significant effects of pitch interval features
were found for four out of six musical features, but not for standardized reaction time or
accuracy.

For standardized ratings of pleasure, there were significant effects of octave level
(F(2,504) = 7.34, p = 7.21x10%), interval class (F(11,504) = 6.786, p = 1.12x1019), and their
interaction (F(22,504) = 1.646, p = 3.3x10°3). For standardized ratings consonance, there were
significant effects of octave level (F(2,504) = 10.502, p = 3.4x107), interval class (F(11,504) =
5.502, p = 2.51x10®), and their interaction (F(22,504) = 1.857, p = 1.1x103). For standardized
ratings of engagement, there were significant effects For standardized ratings of distraction, there
were significant effects of octave level (F(2,504) = 10.083, p = 5.09x10°) and interval class
(F(11,504) = 2.896, p = 0.001). Finally, for standardized ratings of happiness, there were
significant effects of octave level (F(2,504) = 3.206, p = 4.1x10°3) and interval class (F(11,504)
=12.881, p = 2.09x10-23).

To further investigate these effects, four Tukey HSD post-hoc tests were conducted for

standardized scores of pleasure, consonance, distraction, and happiness, with a = 0.0125 =
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(0.05/4) as the Bonferroni-adjusted threshold for statistical significance. Participants rated
sounds at the third octave level as less pleasurable than usual (M =-0.186, SD = 0.802)
compared to sounds at the second (M = 0.102, SD = 0.898, padj = 2.4x103) or first octave level
(M =0.087, SD = 0.949, pagj = 5.66x10%). Similarly, participants rated sounds at the third octave
level as less consonant than usual (M = -0.225, SD = 0.802) compared to sounds at the second (M
=0.130, SD = 0.882, padj = 1.61x104) or first octave level (M = 0.099, SD = 0.985, padj =
9.23x10). Finally, participants rated sounds at the third octave level as more distracting than
usual (M = 0.237, SD = 0.875) compared to sounds at the second (M =-0.150, SD = 0.959, padgj =
1.29x104) or first octave level (M =-0.091, SD = 0.932, padj = 2.06x10x103). See Table 2 for a

visualization of these comparisons.

Table 2.
Significant differences in interval class according to selected musical features.
1 2 3 4 5 6 7 8 9 10 11 12
A AL A
B: t; B:*. |Di® A A B:
1. Minor second D: *** D: ** |B: D: *** D:**  |p: D: ***
2. Major second D™ D:*
3. Minor third D:* c:*
A *r A
B2 An B: %
4. Major third D™ D; ™ B:* D:*
B:*%
5. Perfect fourth Di (AN D:*** |A:*
A
Aty B:*;
6. Tritone D: *** D:*** D:* D: *
7. Perfect fifth D: *** D:*
8. Minor sixth D: ** D: ***
9. Major sixth
10. Minor seventh G:*
11. Major seventh B:*
12. Perfect octave

Note: Significance levels: *: p <0.0125, **: p <0.00125, ***: p <0.000125. A: pleasure; B: consonance; C:
distraction; D: happiness. Empty cells denote no significant pairwise difference. Cells containing 1 were only
significant between specific octave levels of the given interval classes.
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Moderation Analyses

Exploratory analyses were performed to investigate the potential moderating effect of
various features of the participant pool, including from which online source participants were
recruited, their variance in musical experience, and whether participants reported altering the
volume of sounds on their devices.

A simultaneous regression tested whether the factors online source (Qualtrics, MTurk, or
unsure®), musical training (yes or no), and current musical playing (yes or no) could significantly
account for variance in the overall abnormality of participants’ subjective experience with these
sounds. The model as a whole accounted for a small but significantly greater than zero amount of
variance in overall abnormality (R? = 0.018, p = 0.009), and only found participants being
sourced from Qualtrics to be a significant predictor of overall abnormality, b =0.248, p =
0.014.

Some participants reported altering the volume of audio playback at some point during
the task, and were not excluded from the primary analyses. An independent samples t-test
evaluated differences in overall abnormality scores for the twelve pitch intervals rated by given
participants, finding no significant difference in these scores between participants who did or did
not report altering volume (t(538) = -1.317, p = 0.188). Furthermore, repeating the analyses
relevant to pitch interval selection having excluded participants who reported altering volume did
not alter the direction of any results, and did not produce new pairwise conflicts between interval

classes on any of the musical feature ratings.

3 participants who did not successfully submit their Inquisit completion code on the payment confirmation pages of
Inquisit or MTurk could not be linked to their source.
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Discussion
Pitch Interval Selection

Out of the 12 interval classes included in this study, four will be selected to be included
in a further experiment. Either the perfect fourth or perfect fifth will be included as the interval
class heard at the first octave level during the learning phase of a context-dependent memory
paradigm. The included intervals should not vary or should vary similarly in participants’
subjective experiences, and should not vary or should vary similarly by octave level. Musical
theoretical considerations provide further constraints: no two of the four included intervals
should be musical inversions of each other, there should be a balance of consonant and dissonant
intervals, and an ideal set of intervals would be balanced in the difference between interval
sizes.

The perfect fourth was selected over the perfect fifth to be included in the further
experiment, due to the trend toward within-interval-class variance observed with all participants.
Although this finding is not robust, it is important that the sound to be heard during the learning
phase of the context-dependent memory paradigm does not vary significantly by octave level if
any conclusions are to be drawn about the manipulation of octave level independently of interval
class in analyzing the experiment’s results.

The post-hoc analyses of musical features according to interval class and octave level
provided further insight into which intervals created dissimilar subjective experiences to
participants. Since included interval classes should not significantly differ from each other on
these metrics, and the perfect fourth was to be included, 1 first analyzed which interval classes
were significantly different from the perfect fourth. The minor second and tritone differed from

the perfect fourth in their ratings of pleasure, consonance, and happiness; the minor sixth
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additionally differed from the perfect fourth in their ratings of pleasure and consonance. Between
the remaining seven interval classes (this does not include the perfect fifth, the musical inversion
of the perfect fourth) and the perfect fourth, there were nine sets of four intervals that contained
neither musical inversions nor interval classes found to be different on any musical feature

ratings, summarized in Table 3.

Table 3.

Characteristics of viable options for pitch interval selection.

Option 1:  Major second +1 Minor third +2 Perfect fourth +7 Perfect octave
Option 2:  Major second +2 Major third +1 Perfect fourth +4 Major sixth
Option 3:  Major second +2 Major third +1 Perfect fourth +7 Perfect octave
Option 4: Major second +3 Perfect fourth +4 Major sixth +2 Major seventh
Option 5:  Major second +3 Perfect fourth +4 Major sixth +3 Perfect octave
Option 6:  Minor third +2 Perfect fourth +5 Minor seventh +2 Perfect octave
Option 7:  Major third +1 Perfect fourth +4 Major sixth +3 Perfect octave
Option 8: Perfect fourth +4 Major sixth +1 Minor seventh +1 Major seventh
Option 9:  Perfect fourth +4 Major sixth +1 Minor seventh +2 Perfect octave

Potential sets of four pitch intervals are listed above with distance in half steps between consecutive intervals.
Notice that options 4-6 are the only ones without intervals a half step apart in size, and
without intervals greater than a tritone (six half steps) apart in size. Of these, notice that in terms
of general consonance, option four contains only dissonant intervals in addition to the consonant
perfect fourth. On the other hand, option five contains three intervals including the perfect fourth
that could be termed consonant — the perfect fourth, major sixth, and perfect octave. So, it's the
sixth option that provides the best balance of consonant and dissonant intervals. Additionally, the
minor seventh plays a special role of being an experientially dissonant note, but harmonically
consonant with the perfect fourth, with their higher notes being a perfect fourth themselves. So,
the set containing the minor third, perfect fourth, minor seventh, and perfect octave was selected
based on these data.
Effects of Pitch Interval
In this pilot study, | measured the effect of pitch interval both on lexical decision task

performance and on participants’ subjective experiences. Performance on the lexical decision
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task, measured both by standardized accuracy and standardized reaction time, a) was not
significantly predicted at a given pitch interval by standardized musical feature ratings, and b)
never varied according to features of pitch interval overall. Therefore, there seems to be an
important distinction between a participant’s cognitive ability and their subjective experience of
different sounds, with cognitive ability as measured by task performance not being significantly
affected by differences in pitch interval.

Subjective experiences, on the other hand, varied a fair amount. No significant
differences in pitch interval were found for familiarity or engagement, while there were
significant differences for features carrying some aesthetic or emotional valence: pleasure,
consonance, distraction, and happiness. This is consistent with explanations of different intervals
as primarily having different emotional and sensational qualities. For example, the intervals that
in Table 2 can be seen to have been rated as significantly different from the minor second in
terms of happiness included almost the entirety of the major scale (with one exception: the minor
second was significantly different from the minor, rather than major, seventh). That is, not only
were aesthetic and emotional features worlds in which sounds were found to differ, but they
differed in ways consistent with musicological ideas of differences between intervals.

In addition to musical theory with respect to interval class, remember that with greater
distance between pitches, we can expect the pitches to be less harmonically and melodically
associated with each other. An interesting set of findings in support of this were the main effects
of octave level on standardized musical feature ratings, where compared to participants’ average
ratings, sounds at the third octave level were rated as less pleasurable, consonant, and happy
— but more distracting — than sounds at the first and second octave level. Additionally, the

pairwise comparisons investigating the interaction between interval class and octave level found
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no individual cases where a sound at the third octave level was significantly more pleasurable,
for example, than another sound at the first octave level. This could suggest that these more
distant sounds are less often evaluated or able to be evaluated along the same emotional or
aesthetic axes that listeners would usually employ.

Evaluating how differently participants rated a given pitch interval on a feature like
distraction compared to how distracting they usually found sounds (using the standardized
measures of musical features) is invaluable for the project of avoiding future use of pitch
intervals that drive particularly abnormal subjective experiences for participants. In order to fully
contextualize these experiences, it is useful to additionally observe the raw, non-standardized
ratings of pitch intervals according to different musical features, as seen in Figure 5. Of primary
concern are the ratings for distraction: with remarkable consistency, participants rated sounds as
maximally distracting.

Pilot 11
The previous pilot found concerningly high ratings of distraction for sounds presented to
participants.* Accordingly, this pilot study tested whether refined musical stimuli, with a more
naturalistic timbre, could counteract the levels of distraction and unpleasantness experienced by
participants, and further inform the selection of four interval classes to be used in the

experimental portion of this study.

4 The pre-registration for the second pilot was submitted before the discovery of an error in the computation of z-
scores for distraction, an error discovered and corrected after the initial analyses for the second pilot. This did not
affect the high raw scores for rating in either pilot, but did affect the computation and normality of overall
abnormality and standardized ratings of distraction. While the pre-registration for the second pilot noted irregular z-
scores and a need for nonparametric analyses, neither of these issues persisted after the computation of z-scores for
distraction was adjusted.



Method
Participants

Participants were recruited
through Amazon’s Mechanical
Turk (MTurk) with the use of
TurkPrime by CloudResearch
(Litman et al., 2017) between
February 26 and February 27,
2021. Participants received
compensation of $3.75 for the task
after providing a valid completion
code, in accordance with the
United States Federal minimum
wage. While 63 participants
completed some portion of the task
and had data stored on Inquisit’s
servers, this included only 41
complete responses (Mage = 44.15,
SDage = 12.88). Of these,
participants were excluded who
failed to identify the direction

between pairs of notes more than
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Demographic Data in Pilot Experiment

Table 4.
Full Data
n

Race
Asian 6
Hispanic 2
White 33

sum 41.00
Gender
Female 21
Male 20

sum 41.00
Platform
mac 3
win 38

sum 41.00
Musical Training
No 29
Yes 12

sum 41.00
Plays Music
No 37
Yes 4

sum 41.00

Full Data
mean sd

Age 4415 (12.88)
Weekly Music Listening 8.34 (6.56)

Analyzed Data

n

25

31.00

15
16

31.00

29

31.00

21
10

31.00

27
4

31.00

Analyzed Data

mean sd
45,84 (13.07)
8.81 6.19)

half the time, who could identify the correct musical name for intervals all of the time, and/or
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those who reported turning off audio or not providing intentional answers during the task. After
these measures, 31 participants had their data included in analyses (Mage = 45.84, SDage = 13.07).
For full demographic information, see Table 4.
Materials and Procedure

The design of Pilot Il was identical to Pilot I except for the production of musical stimuli.
The sounds used both in the interval rating task, and the 5:4 polyrhythms at 36 pitch intervals
were created in Musescore and played on the “Mellow Steinway” from a soundfont developed by
John Nebauer and published under a creative commons license.
Results
Comparing Musical Stimuli

In order to investigate whether the musical stimuli changed in pilot two elicited different
subjective experiences in participants, a grouped independent samples t-test was conducted on
raw scores for each of the six musical features between pilot one and two, with ¢ = 8.3x1073 as
the Bonferroni-adjusted threshold for significant differences. This found significant differences
between the mean ratings of four musical features: pleasure (t(910) = 4.456, padj = 9.41x10°9),
consonance (t(910) = 3.812, padgj = 1.47x10%), distraction (t(910) = -5.35, pagj = 1.11x10’), and
happiness (t(910) = 3.198, padj = 1.43x103), with ratings for familiarity (t(910) = 2.59, padj =
9.75x107%) and engagement (t(910) = 1.674, padj = 9.45x10?) trending toward significance. As
visible in Figure 5, while ratings for distraction tended to be higher in the second pilot compared
to the first, ratings for all other features tended to be lower in the second pilot. For all of these
effects, neither the direction nor significance level were affected when comparing the second

pilot to a random subset of the first pilot matched in size, or when only comparing results from



participants recruited through MTurk.

A Figure 5. Normalized and raw musical feature ratings between pilots
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Violin plot showing central tendency and density of z-scores (top) and raw ratings (bottom) for musical features.

Pitch Interval Selection

Since the additional goal of the second pilot was to evaluate whether altered musical

stimuli also altered the interval selection process, similar analyses were conducted to evaluate

whether standardized ratings of musical features, as well as reaction time and accuracy, were

different between the two pilots. A grouped independent t-test found no significant differences

between any z-score for dependent variables according to pilot, all p’s > 0.95. A separate

independent t-test found no significant difference between overall abnormality between the

pilots, t(910) = 1.177, p = 0.239. As such, analyses to select interval classes for future use should
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be comparable between the first and second pilot; to evaluate this, these analyses are repeated on
only the data from the second pilot, and on both datasets simultaneously.

Analyzing the Second Pilot. The first pre-registered criteria for sounds to be selected for
experimental use is that the overall abnormality associated with an interval class should not
significantly vary across its three octave levels. To test whether this within-interval-class
variation occurred, a grouped one-way ANOVA was conducted, analyzing variance in overall
abnormality by octave level. Since this was grouped by interval class, a = 4.16x103 was taken as
the Bonferroni-adjusted threshold for significance; at this level, the effect of octave level was not
significant. However, as before, the intervals of the perfect fourth and perfect fifth were
inspected individually. This found that within the pitch interval of the perfect fourth, overall
abnormality trended towards varying by octave level, F(2,28) = 4.854, p = 0.015. A Tukey HSD
post-hoc test found that overall abnormality for trials where participants heard the perfect fourth
was lower when it was played at the third octave level (M = 1.4, SD = 0.633) compared to the
second octave level (M = 2.55, SD =0.819, pagj = 0.0125). The perfect fifth did not trend towards
varying by octave level, F(2,28) = 1.279, p = 0.294.

In order to determine whether any pitch intervals differed from others in overall
abnormality, a 3x12 ANOVA was conducted with the factors octave level and interval class.
This found a significant effect of octave level, F(2,336) = 4.161, p = 0.016. Pairwise
comparisons using a Tukey HSD post-hoc test found that overall abnormality was lower for
sounds heard at the third octave level (M =1.729, SD = 0.811) compared to both the second (M =
2.036, SD = 1.06, padj = 0.033) and first octave levels (M = 2.083, SD = 0.931, padj < 0.01).

Further analyses were conducted to see whether the octave level and/or interval class had

an effect on the eight standardized dependent variables: reaction time, accuracy, and the six
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musical feature ratings, with a = 6.25x103 as the Bonferroni-corrected threshold for statistical
significance. At this level, no significant effects were found for octave level or interval class on
any of the dependent variables.

Analyzing Both Pilots Simultaneously. The first pre-registered criteria for sounds to be
selected for experimental use is that the overall abnormality associated with an interval class
should not significantly vary across its three octave levels. To test whether this within-interval-
class variation occurred, a grouped one-way ANOVA was conducted, analyzing variance in
overall abnormality by octave level, grouping by interval class, with a = 4.16x107 as the
Bonferroni-adjusted threshold for significance. This did not find cases where the effect of octave
level was significant. While the perfect fourth trended toward varying by octave level (F(2,73) =
2.620, p = 0.080), the perfect fifth did not (F(2,73) = 0.910, p = 0.407).

In order to determine whether any pitch intervals differed from others in overall
abnormality, a 3x12 ANOVA was conducted with the factors octave level and interval class.
This found a significant effect of interval class (F(11,876) = 2.682, p = 0.002) and octave level
(F(2,876) = 4.850, p = 0.008), but not their interaction (p = 0.285). Post-hoc analyses were
conducted using Tukey HSD pairwise comparisons only on the main effects. These found that
overall abnormality was lower for sounds at the third octave level (M = 1.863467, SD =
0.8261392) compared to the second (M = 2.07, SD = 0.981, padj = 0.016) and first (M = 2.067,
SD =0.966, pagj = 0.018) octave levels. Additionally, overall abnormality for the minor seventh
(M =1.716, SD = 0.848) was lower than at the perfect octave (M = 2.289, SD = 1.063, padj =
0.007), but higher than the minor second (M = 2.219, SD = 1.046, padj = 0.023) and major third

(M = 2.218, SD = 0.963, pagj = 0.021).
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Further analyses were conducted to see whether the octave level and/or interval class had
an effect on the eight standardized dependent variables: reaction time, accuracy, and the six
musical feature ratings, with a = 6.25x103 as the Bonferroni-corrected threshold for statistical
significance. These revealed significant effects for all six musical features, but none for reaction
time or accuracy.

For standardized ratings of familiarity, there was a main effect of both octave level
(F(2,876) = 6.026, p = 0.003) and interval class (F(11,876) = 2.737, p = 0.002). For standardized
ratings of pleasure, there was a main effect of both octave level (F(2,876) = 12.929, p = 2.93x10
6) and interval class (F(11,876) = 9.857, p = 5.1x10Y"). For standardized ratings of consonance,
there was a main effect of both octave level (F(2,876) = 11.966, p = 7.46x10°) and interval class
(F(11,876) = 7.464, p = 2.43x10?), as well as their interaction (F(22,876) = 2.04, p = 3x1073).
For standardized ratings of engagement, there was a main effect of interval class (F(11,876) =
3.658, p = 4.28x107%). For standardized ratings of distraction, there was a main effect of octave
level (F(2,876) = 11.292, p = 1.44x10°°). For standardized ratings of happiness, there was a main
effect of both octave level (F(2,876) = 5.103, p = 6.0x10-3) and interval class (F(11,876) =
13.724, p = 1.64x10°24).

To further investigate these effects, Tukey HSD post-hoc tests were conducted for all six
musical features, with a = 8.33x10- as the Bonferroni-corrected threshold for statistical
significance. Table 5 displays the significant pairwise differences by interval class and the
interaction between interval class and octave level. Ratings of familiarity were higher than
normal for sounds at the second octave level (M = 0.08597038, SD = 0.9048883) compared to
the third (M = -0.13816525, SD = 0.8202827, padj = 4.46x103), though no comparisons with the

first octave level were significant (M = 0.04751817, SD = 0.9148821). Ratings of pleasure were
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lower than usual for sounds at the third octave level (M =-0.195, SD = 0.758) compared to those
at the second (M = 0.095, SD = 0.919, padj = 4.85x10°) or first (M = 0.094, SD = 0.918, padj =
6.25x10-°). Ratings of consonance were lower than usual for sounds at the third octave level (M
=-0.197, SD = 0.789) compared to those at the second (M = 0.11, SD = 0.924, padgj = 2.8x10®) or
first (M = 0.081, SD = 0.965, pagj = 3.03x10#). Ratings of distraction were higher than usual for
sounds at the third octave level (M = 0.205, SD = 0.788) compared to those at the second (M = -
0.109, SD = 0.939, padj = 4.9x10°5) or first (M = -0.089, SD = 0.948, pagj = 1.82x104). Finally,
ratings of happiness were higher than usual for sounds at the second octave level (M =0.111, SD
= 0.955) compared to the first M =-0.098, SD = 0.911, pagj = 0.007), though no comparisons

with the third octave level were significant (M =-0.017, SD = 0.880).
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Table 5.
Significant differences in interval class according to selected musical features for both pilots.
1 8 10 11 12
B: itﬁ;
C: *t!; B: *i*; B: t;
D: *; C: *; sk C: t*t;
1. Minor second E:* E:** |E:*** e E:*** [E:* E: ***
A%,
B: *ii;
Ci*%
2. Major second E:*
B: *ii;
C:*
C: *t!;
3. Minor third Ei** Sl D:*
B: dkk B: i*i; B: **; B: *ﬂ*;
C: dedek C: ii; C: ttt; C: ttt;
4. Major third C:t E; = * Bl |G E: * Bty
B; **; B: %
5. Perfect fourth E: == E:* C:t
dekk C: it;
6. Tritone Lt E: *** E: ***
B: *;
7. Perfect fifth Bt B:*
8. Minor sixth E:*
9. Major sixth C:t
10. Minor seventh C:*
11. Major seventh c*

12. Perfect octave

Note: Significance levels: *: p <0.0125, **: p <0.00125, ***: p <0.000125. A: familiarity; B: pleasure; C:
consonance; D: engagement; E: happiness. Empty cells denote no significant pairwise difference. Cells containing t
were only significant between specific octave levels of the given interval classes.
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Discussion
Pitch Interval Selection

The first point of difference between the analyses from the first pilot study and those
incorporating the results from the second pilot came from investigating whether certain interval
classes varied in overall abnormality by octave level. Given the Bonferroni-adjusted alpha level,
no interval classes significantly varied according to octave level in either study. However,
marginal trends between the first and second pilot varied, with the perfect fifth trending towards
varying in the first pilot, and the perfect fourth in the second. Neither of these are robust
findings, although it’s notable that the trend towards variation for the perfect fourth was
replicated when analyzing the data combined between the pilots, despite the smaller sample size
of the included data from the second pilot. Using similar logic to that in the discussion of the first
pilot, the replication of the trend to variance within the interval class of the perfect fourth
suggests that the perfect fifth should be selected instead of its inversion, the perfect fourth.

Other pitch intervals included alongside those with the interval class of the perfect fifth
should not be significantly different from the perfect fifth or each other in the subjective
experiences reported by participants, and no two selected interval classes should be musical
inversions. Based on the pairwise comparisons displayed in Table 5, there were five interval
classes that could be selected in addition to the perfect fifth: the major second, major sixth, minor
seventh, and perfect octave. Note that the major second and minor seventh are musical inversions
of each other, so they could not both be selected. This left two potential sets of four interval
classes: either (a) the major second, perfect fifth, major sixth, and perfect octave, or (b) the

perfect fifth, major sixth, minor seventh, and perfect octave. Notably, both of these selections
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could also have been possible selections given the pairwise comparisons using only data from the
first pilot study.

Musical considerations informed the decision between these two options. The primary
difference between the sets involved the size differences between the different intervals. In the
first set, there are five, two, and three half step size differences between subsequent pairs of
intervals. This is pleasing, and alludes to an additional useful relationship within this set of
intervals: they are producible by stacking perfect fifths above a tonic, forming the perfect fifth
first, followed by (an octave and) the major second, followed by (an octave and) the major sixth.
The ratings of these intervals on each of the six musical features are summarized in Table 6.
Musical Stimuli

While standardized ratings of musical features and standardized performance on the
lexical decision task did not differ significantly between the pilots, raw ratings of musical
features did differ, with ratings in the second pilot tending to be less familiar, pleasurable,
consonant, engaging, and happy, but more distracting than the first pilot, on average. This
remained true even when evaluating a subsample of the first pilot’s data to control for the
difference in sample size between the studies. While this was unexpected given the refinement to

the musical stimuli included in the second pilot, it is important to note that the refinement was

Table 6. Characteristics of selected pitch intervals.

Familiarity Pleasure Consonance Engagement Distraction Happiness

M SD M SD M SD M SD M SD M SD
Major second =~ 2.68 (1.62) 233 (1.50) 264 (1.70) 3.16 (1.98) 525 (2.01) 297 (1.80)
Perfectfourth =~ 2.99 (1.72) 264 (1.56) 3.05 (1.82) 3.18 (1.80) 5.30 (1.95) 3.28 (1.68)
Major sixth 299 (1.83) 242 (161) 270 (1.71) 317 (1.87) 550 (1.87) 325 (1.83)

Perfect octave  3.03 (1.80) 278 (1.94) 328 (2.07) 3.33 (2.09) 5.11 (1.98) 351 (2.04)

Raw scores were provided in a 1-7 scale, with 1 indicating a low amount of the feature, and 7 a high amount.
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not dramatic, and that no participants were asked to explicitly compare the two sounds. It
remains possible that time confounds (the first pilot being completed by MTurk participants on
Monday, February 1 and Wednesday-Thursday, February 10-11, while the second pilot was
completed by participants on Friday-Saturday, February 26-27) or other uncontrolled features
between the two studies contributed to the differences in raw ratings. For example, responses to
an open question soliciting feedback at the end of the task frequently included remarks about the
length of exposure to the sounds affecting the overall experience of the task — since both pilot
studies exposed participants to 12 pitch intervals, this aspect of the study remained unchanged
and may have contributed to raw ratings of musical features. Usefully, while participants in pilot
two tended to rate sounds in more unfavorable ways, the difference in their ratings across
different pitch intervals were not systematically different. This suggests that the between-pitch-
interval subjective experiences were comparable across pilots, which makes sense: while timbral
changes were made to the stimuli, the pitch content was not affected.

The hypothesis that this timbral improvement would benefit raw scores for musical
features of sounds was not supported by the second pilot’s data. However, the combination of
data from both pilots supported the selection of sounds that included the pitch interval of the
perfect fifth. In the data from the first pilot alone, the perfect fifth varied in overall abnormality
by octave level, a feature not conducive to selection. Using the refined musical stimuli
independently and in combining this data with that using the original stimuli, this within-
interval-class variation was found for the perfect fourth, but not the perfect fifth. As a result,
experimenter judgement was such that the set of intervals supported by combined data and data
from the second pilot would be used in the following experiment, and would be played using the

refined musical stimuli, which supported the use of the perfect fifth.
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Experiment

The main experiment evaluated the effect of manipulating a 5:4 polyrhythm’s pitch interval on
memory performance in a surprise test of recall. Participants who heard the same sound (at the
interval class of a perfect fifth and at the first octave level) were expected to recall more words
than those who heard a different or no sound, replicating general context-dependent memory
effects. Of novel interest was the effect of hearing different interval classes (either the major
second, perfect fifth, major sixth, or perfect octave) and different octave levels (the first, second,
or third). Participants who heard the perfect fifth were expected to recall more words than those
who heard sounds at a different interval class, and those who heard a sound at the first octave
level were expected to recall more words than those who heard sounds at greater distances.
Method
Participants

Participants (N = 285; Mage = 40.33, SDage = 12.45) were solicited through Amazon
Mechanical Turk (MTurk), were U.S. residents, and were determined to have no hearing
abnormalities and to consider English a primary language through a separate screening
questionnaire, for which all participants were compensated $0.25. For their completion of the
approximately 15-20 minute main task, participants were paid $2.50. The task was completed in
the Inquisit 6 Web player.

While there were 388 unique, completed responses to the task, participants were excluded
who reported either or both turning off audio during the task or providing disingenuous answers
during the task, and those who failed to identify the direction between pairs of notes in the

interval recognition task more than half the time or who could identify the correct musical name



for intervals all of the time. See Table 7
for demographic information for the full
and included participants.

Materials

Musical stimuli. All musical
stimuli consisted of a 5:4 polyrhythm
played at twelve different pitch intervals,
selected to be comparable across listener
responses based on results from the pilot
study. The same audio files used in the
second pilot study were used in the present
experiment These pitch intervals are
divisible into three different octave levels
and four different interval classes: the
major second, perfect fifth, major sixth,
and perfect octave. For full notation, see
Appendix A.

Interval Recognition Task. In
order to confirm participant’s self-reports
about hearing ability, perfect pitch or pitch
blindness, and functioning audio
equipment, they completed a one-minute

interval recognition task, as described in
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Table 7. Demographic Information for Experiment Participants

Race
Asian
Black
Hispanic
Native
White
sum
Gender
Female
Male
Nonbinary
sum
Platform
and
ios
mac
win
sum
Audio Equipment
headphones
speakers
sum
Musical Training
No
Yes
sum
Plays Music
No
Yes

sum

question
Age
Music Training
Weekly Improv Playing
Weekly Music Listening

Weekly Music Playing

Analyzed Data

n

148
136

285.00

22

36
220

285.00

121
164

285.00

146
139

285.00

235
50

285.00

Analyzed Data

mean sd
40.33 (12.45)
8.37 (9.83)
2.42 (1.73)
9.49 (9.73)
3.1 (2.58)

Full Data

n

33
28
23

320

408.00

205
181

388.00

29
23
48
288

388.00

178
210

388.00

224
164

388.00

329
59

388.00

Full Data
mean sd
39.29 (12.52)
8.16 (9.72)
2.64 (2.64)
9.81 (9.69)

3.44 (3.34)
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the method section of Pilot I. Participants who provided the incorrect direction for four or more
of the six intervals, or who provided the corrected quality for all six intervals, had their data
removed from main analyses.

List Learning Task. Participants completed an adapted version of the List Learning
Task (LLT) available in the online Millisecond Test Library (K. Borchert, 2017) in the Inquisit
Web 6 player. The LLT consisted of a learning phase, a break, and a final test phase, over the
course of which participants learned and were tested on 20 nouns selected from (Spreen &
Schulz, 1966) norms, a random subset of those used by Mead and Ball (2007). These words were
highly concrete, and varied in their emotional valence. See Appendix B for the full selection of
words. For an overview of the LLT as adapted for present use, see Figure 6.

During the learning phase, words were presented individually for 5 seconds, followed by
a 1 second fixation cross between each word. Participants were instructed to rate the pleasantness
of a given word by pressing a number 1-5 on their keyboard, where 5 indicated a highly pleasant
word, and 1 indicated a highly unpleasant word. Words were presented in a random order, with
each word appearing twice.

Following a break, participants completed a surprise test of final free recall, during which
participants were given two minutes or until they manually proceeded to recall as many words as
possible, in any order they wished, by typing them into an on-screen text box.

Distractor Task. In order to provide an engaging break from learning words and limit
rehearsal of material by participants, the Manikin Test of Spatial Orientation and
Transformation, available in the online Millisecond Test Library, was used (K. Borchert, 2014).
In this task, participants are shown a humanoid figure in one of several orientations (facing

towards or away from participants, right-side-up or up-side-down), holding a small green circle
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in one hand, a small red square in the other, and positioned inside a larger version of one of these
shapes. Participants are asked to evaluate in which hand the figure is holding a shape that
matches the larger, surrounding shape. During a practice block, participants received feedback
on their responses (in the center of the screen, “incorrect” appeared in red if they were incorrect;
otherwise, “correct” appeared in green), followed  Figure 6.

Procedure for the adapted list learning task.
by a fixation cross for 1 second before the next Incidental Learning (<200 s)

. . Apple
image. During the test block, no feedback was \
(0 0)

5s +
given, and the block lasted for 240 seconds. L@

While rating words for pleasantness on a 1-5 scale, all

Procedure participants heard the 5:4 polyrhythm with the pitch
interval of a perfect fifth (P5) at the first octave level.
Participants who were determined to Distractor Task (240 s)
qualify and provided informed consent for the ,i.
® A B
present study completed the experiment in the
Inquisit Web 6 player. They first were prompted [‘ ))) ]
to listen to pink noise and set the volume at a Participants heard white noise while making

judgements about matching shapes in a manikin figure
at various orientations.

comfortable level, which they were asked not to Test Phase (<120 s)

change throughout the task. Then, participants

(0173517)

. : H A surprise test of final recall was administered.
5:4 polyrhythm at the interval of the perfect fifth Participants'were randomly aselgned th'oneiof 13

auditory conditions: they could either hear no sound, or
(at the first octave |eve|)_ After completing the the 5:4 polyrhythm at one of 12 included pitch intervals.

rated words for pleasantness while listening to the

ratings, they completed the practice and test blocks of the Manikin Test while listening to pink
noise. Then, participants were given instructions for a surprise delayed test of recall on the words
they had rated for pleasantness. During this final test, participants were randomly assigned to one

of 13 conditions, determining what sound they heard for the test phase. Participants either heard
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no sound, or heard the musical stimuli at one of the 12 possible pitch intervals. Afterwards,
participants completed the interval recognition test, reported whether they believed they heard
the same sound while rating words and when tested on words, and submitted information about
demographics and musical experience. Finally, they were thanked, debriefed, and provided
instructions to receive payment.
Results
Musical Context

A one-way ANOVA tested the effect of the test sound context (either the same, a
different, or no sound) on memory. This found no significant difference in the number of words
recalled on average between members of different groups, F(2,282) = 1.356, p = 0.259. These
results are displayed in Figure 7. A 3x4 factorial ANOVA tested whether final memory varied
according to the octave level (first, second, or third) or interval class (major second, perfect fifth,

major sixth, or perfect eighth) Figure 7. Final recall for words according to sound context

for those who heard a sound

during the test period. Neither
the main effect of octave level I
(F(2,250) = 0.239, p = 0.788)
nor interval class (F(3,250) =

0.416, p = 0.742) reached

Number of words recalled

significance, and their
interaction was only marginally
significant, F(6,250) = 2.078 ,

p = 0.056. Exploratory post-

T T T
Same Sound Different Sound No Sound
Context

Mean words recalled by each group displayed. Bars indicate standard error of the mean (SEM).



hoc analyses of only the
interaction term using a Tukey
HSD test found no significant
difference between pairs when
correcting for multiple
comparisons, all pagj’s > 0.05.
These results are displayed in
Figure 8.
Reported Context
Pre-registered
mediation analyses sought to
investigate whether

participants’ explicit report of

Number of words recalled

@

=]

(5]

Figure 8. Final recall for words according pitch interval

Major second Perfect fifth Major sixth Perfect octave
Interval Class
Mean words recalled by each group displayed. Bars indicate standard error of the mean (SEM).

whether they heard the same sound during learning and test phases mediated the relationship

between test sound and differences in memory performance. However, the results of the two
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Octave Level
| K

B :
| K

ANOVA:s indicate that there was no relationship between test sound and memory to be mediated.

Instead of performing mediation analysis, | compared the effect of reported context (whether

they thought the test sound was the same, different, or they were unsure compared to the earlier

sound) and actual context (whether at test the same, a different, or no sound played) on memory

performance using a 3x3 factorial ANOVA. There was a significant effect of reported context

(F(2,276) = 7.776, p = 5.19x10%), though neither the effect of actual context (F(2,276) = 2.248,

p = 0.107) nor their interaction (F(4,276) = 2.289, p = 0.06) reached significance. A Chi-Square

test of independence found that the number of participants across the nine possible combinations



of actual and reported context did not
vary significantly from expected
values (X2(4, N = 285) =6.903, p =
0.141), and Table 8 shows descriptive
values.

Post-hoc analyses conducted
with a Tukey HSD found that people
who reported hearing the same sound
recalled more words on average (M =

7.641, SD = 3.177) than those who
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Table 8. Summary of participants by actual and reported condition.

Same sound
Reported same sound
Reported unsure
Reported different sound
Different sound
Reported same sound
Reported unsure
Reported different sound
No sound
Reported same sound
Reported unsure

Reported different sound

n

10

11

113

44
80

13

Proportion

40.00%
16.00%

44.00%

47.68%
18.57%

33.76%

21.74%
21.74%

56.52%

reported hearing a different sound (M = 6.192, SD = 3.419, padgj = 2.38x10%), or who were unsure

(M =6.208, SD = 3.295, pagj = 0.02), controlling for what sound they actually heard during the

test period. Additionally, four pairwise comparisons of the interaction between reported and

actual context reached significance after controlling for multiple comparisons. Those who

actually heard the same sound at test and who (correctly) reported hearing the same sound

recalled significantly more words (M = 9.9, SD = 2.558) than participants belonging to any of
three groups: those who actually heard the same sound but reported hearing a different sound (M
= 3.25, SD = 2.986, padj = 0.018), those who actually heard a different sound and reported being
unsure (M = 6.227, SD = 3.277, padj = 0.037), and those who actually heard a different sound and
reported hearing a different sound (M = 5.913, SD = 3.289, padgj = 8.96x10%). Participants who
actually heard a different sound during the test but who (incorrectly) reported hearing the same

sound also recalled more words (M = 7.451, SD = 3.21) than those who actually heard a different
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sound and reported hearing a different sound (M = 5.913, SD = 3.289, pagj = 0.035). See Figure 9

for visualization of these results.

Moderation Analyses

Three simultaneous regressions were conducted to investigate the potential moderating
effect of musical training or features of audio playback on the relationship between actual and
reported context and memory performance. All models are summarized in Table 9. The first

replicated the previous factorial ANOVA, evaluating the effect of actual and reported context on

memory performance.

Figure 9. Final recall according to actual and reported musical context

(2]
1

Reported Context

. Same Sound
. Unsure

. Different Sound

Words recalled

04

Same 'Sound Differen'l Sound No S'ound
Actual Context

Mean words recalled by each group displayed. Bars indicate standard error of the mean (SEM).
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The second model added musical training as a factor in addition to those included in the
first model. Participants reporting previous musical training did not explain any variance in the
number of words recalled, b = 0.305, p = 0.437, and there were no significant interactions
between musical training and either actual or reported context. The third model added two
factors in addition to those included in the first model: whether participants reported altering the
volume of audio playback at any point during the task (b = 0.185, p = 0.77), and whether
participants reported listening to task audio through headphones or speakers (b =0.377, p =

0.347), with neither significantly predicting differences in recall.

Table 9.
Summary of three linear regression models predicting number of words recalled.
Model 1 Model 2 Model 3
Variable Level Beta (b) 95% ClI p Beta (b) 95% CI P Beta (b) 95% CI P
(Intercept) 8.69 (7.32, 10.1) <0.001** 8.57 (7.17,9.98) <0.001** 8.38 (6.63,10.1) <0.001**
Actual Context
Different -1.18 (-2.54,0.18)  0.089 -1.22 (-2.58,0.14)  0.079 -1.23 (-2.6,0.14) 0.078
None -0.174  (-2.04,1.69) 0.855 -0.238 (-2.11,1.64) 0.803 -0.311  (-2.21,1.59)  0.747
Reported Context
Unsure -149  (-2.54,-0.43) 0.006** -1.45 (-2.51,0.39) 0.007** -149  (-2.55,-0.43) 0.006**
Different -1.57  (-2.43,-0.71) <0.001** -1.57  (-2.43,-0.71) <0.001** -1.61 (-2.48,-0.74) <0.001**
Music Training
Yes 0.305 (-0.47,1.08) 0437
Changed Volume
No 0.185  (-1.06, 1.43) 0.77
Audio Equipment
Speakers 0.377 (-0.41,1.16) 0.347
R% = 0.47 R%q = 0.046 R% = 0.043
F(8,283) =4.527 F(9,282) = 3.7381 F(10,281)=3.1618
p =0.00147 p =0.00272 p =0.00513

Exploratory analyses

Sample Characteristics. Through descriptive analyses, the overall number of words
recalled by participants in this experiment (M = 34.225%, SD =16.775%) was found to be lower
than in comparable studies of music dependent memory, which tend to report average overall
recall rates of 50% of learned words. In order to investigate sample characteristics that may have
contributed to this difference, exploratory regression analyses tested whether age was a
significant predictor of the number of words recalled. In a similar manner to the moderation
analyses, a model with actual and reported context as predictors of recall was compared to one

that added age as a predictor, with these models summarized in Table 10.
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Table 10.
Predicting recall according to sound and participant features.
Model 1 Model 4
Variable Level Beta (b) 95% ClI p Beta (b) 95% ClI p
(Intercept) 8.69 (7.32, 10.1) <0.001** 10.03  (9.13,10.93) <0.001**
Actual Context
Different -1.18 (-2.54,0.18)  0.089 -1.112 (-1.8,-043) 0.106
None -0.174  (-2.04,169) 0.855 -0.236  (-1.18,0.71)  0.803
Reported Context
Unsure -149  (-2.54,-043) 0.006** -1.294 (-1.83,-0.76) 0.017*
Different -1.57  (-2.43,-0.71) <0.001** -1.363 (-1.81,-0.92) 0.002**
Age -0.037  (-0.05,-0.02) 0.019*
Ry =0.47
F(8,283) =4.527
p =0.00147

Even controlling for the effects of actual and reported context on recall, age significantly
predicted memory performance (b = -0.037, p = 0.019), such that younger participants could be
expected to recall more words than older participants at a statistically significant but numerically
small rate. In order to reliably predict at least one word to be additionally recalled by a younger
participant, that participant would need to be at least 27 years younger than a participant
otherwise matched in terms of actual and reported context.

Power. While the imbalance between group sizes in the preregistered comparison of
actual test context’s effect on memory performance was expected, the exclusion of a large
number of participants based on their poor performance on the interval recognition task may
have been problematic for the power in investigations of octave level and interval class, and the
interaction between actual and reported context. There were as few as 16 participants in some
pitch interval contexts (major sixth at the second octave level, n = 16; major second at the second
octave level, n = 17; major sixth at the third octave level, n = 18), and as few as 4 participants in
some combinations of actual and reported context (see Table 8). So, preregistered analyses were
repeated, including participants who failed to correctly identify the direction of musical intervals

more than half of the time during the interval recognition task.
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In these analyses, neither the direction nor significance of any results differed from those
conducted on the sample with preregistered exclusions. There was no difference in the number of
words recalled according to whether participants heard the same, a different, or no sound
(F(2,342) =1.39, p = 0.25). For those who heard a sound at test, neither the octave level
(F(2,306) = 0.201, p = 0.818), interval class (F(3,306) = 0.393, p = 0.758), nor their interaction
(F(6,306) = 1.322, p = 0.247) had an effect on the number of words recalled. Finally, while
memory performance was significantly different according to reported context (F(2,336) = 10.9,
p = 2.59x10°°) even when controlling for actual context, memory performance varied neither
according actual context (F(2,336) = 2.307, p = 0.101) nor the interaction between actual and
reported (F(4,336) =1.573, p = 0.181). Post-hoc analyses conducted with a Tukey HSD test of
pairwise comparisons found that those who reported hearing the same sound at test as during
learning recalled significantly more words (M = 7.53, SD = 3.14) than those who reported
hearing a different sound (M = 5.98, SD = 3.45, pagj = 0.000383) or being unsure (M =5.83, SD =
3.46, padj = 0.001250). Additionally, those who correctly reported hearing a different sound at
test recalled fewer words (M =5.694, SD = 3.36) than those who either correctly reported
hearing the same sound (M = 9.0, SD = 3.303, padj = 0.030900) or reported hearing the same
sound but actually heard a different sound (M = 7.4, SD = 3.144, pagj = 0.003620).

Of note, compared to the distribution of participants reported in Table 6, including poor
performers in the interval recognition task did not include any new participants who heard the
same sound but reported being unsure (n = 4) or hearing a different sound (n = 11), or any who
heard no sound but reported hearing the same sound (n = 5), and this only included two new

participants who heard no sound and reported being unsure (n = 7). The other 58 participants
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included in these analyses whose goal was to improve the tests’ power were distributed among
groups who already had larger numbers of participants represented.
Discussion
While there was no effect of either the presence or features of test sounds on memory
performance, there was a significant effect of reported context on memory performance.
Participants who reported hearing the same sound at test as they had when first exposed to the
target words recalled significantly more words than other participants, even when controlling for
whether participants actually heard the same, a different, or no sound. While participant age was
a significant predictor of the number of words recalled, other participant characteristics such as
musical experience or their method of audio delivery were not found to moderate the effects of
actual or reported auditory context on memory performance.
A Remark on Methodology
To the best of the author’s knowledge, this is the first study on music-dependent memory
to be conducted online, and the first to include participants other than undergraduate students.
Compared to these previous studies, this experiment:
« Had no control over the physical location or other contextual factors experienced
by participants;
e Had no control over the method by which participants listened to the study’s
audio;
e Included older participants;
o Presented words twice during the incidental learning phase, which only some
previous studies have done;
e Included a distractor task between the learning and test periods;
o Had that distractor task last for longer than in other studies;
« Did not vary the learning context between participants;

o Explicitly stated that the study involved sound;
e Used a novel range of musical stimuli.

Many of these differences were related to conducting the experiment online: namely, the lack of

control over the environment compared to when in a physical lab, the difference in participant
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characteristics, the use of the distractor task as an attention check, and the necessity to facilitate a
comfortable listening experience and informed consent by stating the use of sounds throughout
the study. The use of a novel range of musical stimuli was an intentional difference, key to the
study’s goal of investigating the effect of pitch interval on musical perception. Relatedly, in
order to maximize the observation of changes to this musical stimuli, participants were randomly
assigned to hear different possible sounds (or no sound) during the test period, but participants
did not hear different sounds during the learning context, intrinsically limiting the musical claims
that could have been made by this study.

While previously cited studies tended to see average recall scores of about 50% of the
learned words across all conditions, participants in the present study recalled an average of 6.845
words, or about 34% of the learned words. This high-level difference may be attributable to
participant characteristics and the length of the distractor task. Exploratory analyses found that
participants of greater age recalled fewer words at a numerically small but statistically significant
rate. Other studies of music-dependent memory frequently included distractor sounds, but rarely
included distractor tasks between the learning and test phases. Only Isarida et al. (2008) included
a distractor task, which consisted of simple calculations for participants who had intentionally
learned words, lasting for the length of time it took researchers to read test instructions to
participants who had incidentally learned words. The increased cognitive effort involved in the
current study’s visuospatial distractor task may have increased the difficulty of recalling words
during the subsequent surprise test (Barrouillet et al., 2007; Camos & Portrat, 2015).
Additionally, the distractor task lasted for four minutes, longer than most previous studies’

distractor periods (in one comparable study, participants listened to birdsound for 240 seconds,
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Mead & Ball, 2007), which may have accounted for small increases in participants’ lessened
ability to recall incidentally learned material.
Music-Dependent Memory

There was no effect of musical context on the number of words recalled during a surprise
final test of recall. Participants who heard the same sound during this test did not recall more
words than those who heard a different or no sound; additionally, those who at test heard sounds
with an interval class of a perfect fifth did not recall significantly more words than other
participants, and those whose sound was at the first octave level did not recall more words than
other participants. This unexpected null effect may be explainable by both methodological and
theoretical factors.

Methodologically, the variance in physical location and other contextual factors, study
audio delivery method, number of word presentations, and explicit statement of sounds’ role in
the study could have affected the music-dependent memory for target information. Since
participants were not all in the same location while completing the experimental task, and there
IS no guarantee that any given participant stayed in the same physical location throughout the
task, it is difficult to account for the potential confounding effects of different ambient
background contexts. Even within the same physical location, background disruptions or changes
in the dynamic surrounding context could easily diminish the global effect of the study’s musical
context manipulation on a participants’ perception of overall context (T. Isarida & Isarida, 2014;
S. M. Smith, 1995; S. M. Smith & Vela, 2001). Participants were free to listen to the study’s
sounds however was most convenient for them, though the moderation analyses showed that
neither changing the volume of playback nor listening to audio on speakers rather than

headphones predicted differences in total recalled words.
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Additionally, while Mead and Ball (2007) found significant effects of musical context for
words presented twice to participants during the incidental learning phase, Isarida et al. (2008)
performed a within-subject manipulation of word presentation, finding effects of musical context
on the recall of words presented once, but not those presented twice. Isarida et al. (2008)
hypothesized that twice-presented words have stronger representations in memory, but
diminished associative connections to surrounding contextual features, diminishing the effects of
musical context manipulation.

Past work in music-dependent memory frequently told participants that the background
music they would hear during the task was present in order to make them more comfortable. This
cover story may have diminished the extent to which participants paid attention to the sounds,
and along with the ecological validity of the musical excerpts used by other researchers may
have contributed to a perception of the music as background music. The online nature of the
present study, and the fact that the included sounds a) were not rated as remarkably pleasant by
participants in the pilot experiments, and b) do not possess structural similarity to typical
background music, complicated the presentation of a similar cover story. Participants who
qualified after completing a screener task on MTurk titled “Answer questions about sound and
language” could then 1-10 days later complete the experimental task titled “Listen to sounds
while assessing words and pictures.” Full descriptions of the tasks as seen by participants are
included in the IRB proposals included in Appendix D. The differences in initial description of
the sounds, in conjunction with features of the sounds themselves, could have led to the sounds
in this study being considered as target information in a similar manner to the words presented

during the study.
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Transitioning to more theoretical explanations, both global- and feature-level evaluations
of musical context may have been made difficult by the time delay between the learning and test
timepoints, the fine-grained manipulation in the present study, and the social acclimation to
features of the sounds. Accuracy in recognition judgements between the relative size of intervals
diminish as the time between two target intervals increases (E. M. O. Borchert, 2011; McPherson
& McDermott, 2020; Prince et al., 2009). If we assume that the same perceptual bottleneck limits
these explicit recognition judgements as would at least in part limit any nonconscious evaluation
of contexts used during a retrieval process, the length of the distractor task may have made it
more difficult for participants to compare the learning and test contexts during the final test of
recall. Both inaccurate judgements and an ambiguous representation of musical context could
have diminished the role of context in affecting memory.

Even if the learning and test sounds were recognizably different, the present study’s
manipulation may not have been sufficient to facilitate evaluations of the different sound as a
new context. The global impression of the context could have been influenced by the
characteristics of the pitch interval. However, the pilot study supported the selection of the major
second, perfect fifth, major sixth, and perfect octave because these intervals were rated as similar
to each other on extramusical features such as familiarity, pleasure, and distraction. So, these
differences may have been diminished to the extent that the measured extramusical features were
critical to that global impression. Consistent with past work in mental context theory, even
sounds with a different holistic representation due to differences in pitch interval, feature-level
similarities may still have allowed for contextual benefits from different sounds. The sounds in
this study were exactly the same in terms of overall tempo, MIDI soundfont, playback volume,

use of the 5:4 polyrhythm, its four-note component being played by the lower note in the
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interval, and this low note being the same pitch and register, a C4 (262 Hz). It is therefore easy to
imagine that of the abundance of features common between two sounds at a different pitch
interval, some number of these features may have been critical to context reinstatement during
test; this feature-level similarity between different sounds may have weakened the effect of this
single feature’s difference.

Finally, polyrhythms and five-limit tuning are musically interesting and rooted in notions
of resonance and low-integer ratio representations of harmonic series relationships that likely
influence our perception of most features of the sounds around us (Chew, 2001; Large & Snyder,
2009; van Noorden & Moelants, 1999). They are not, however, standard features in American
popular music. Past work has demonstrated interactions between pitch and rhythm on musical
perception, and work by Moelants and van Noorden (2005) suggested that the 5:4 polyrhythm at
150 bpm provided a set of metric constrains at which the different pitched components were of
equal salience to each other. However, their data was gathered from a musically trained
population, likely to have more exposure or at least tolerance to novel sounds than the average
American resident. While reporting musical training didn’t moderate the effect of actual and
reported context on memory performance, nor did it predict whether participants would report
being in the same or a different context, there may have been additional differences between the
characteristics or experiences of this sample compared to those in previous music cognition
studies. It is difficult to measure the extent to which these sounds were more abnormal than the
musical pieces selected in previous studies of music-dependent memory, but they likely were
perceived as more abnormal. In particular, the looped polyrhythm may have, given its

infrequency in American popular music, have been the most unfamiliar and therefore most
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salient feature of the musical stimuli, further limiting the extent to which the global impression
of these sounds could be affected by altering the pitch interval.
No Sound Is as Good as Any

While these rationale may explain the lack of difference in words recalled by people who
heard different sounds, it fails to explain why those who heard no sound during their test did not
recall significantly fewer words than other participants, as was expected. One reassuring remark
is that participants who heard no sound during their test did not recall significantly more words
than those who heard sound, which is consistent with past research in music-dependent memory
suggesting that the presence of sound during the test is not reliably distracting or disrupting
recall processes.

This study also relied on only a single possible learning sound, unlike other context-
dependent memory studies which randomly assign participants to their learning and test contexts.
While this was a useful decision to include a high number of participants exposed to each test
sound, it limits the ability to make any general claims about the change in context experienced
by participants. That is, the no sound condition in this study did not vary the learning sound
experienced by participants, so these data only inform us as to how hearing no sound at test after
hearing a perfect fifth at learning affects recall. It remains possible that participants who heard a
major second while learning, for example, could have demonstrated a greater difference in words
recalled between people who heard the major second again versus no sound during their test.
Future work with similar stimuli would benefit from randomly assigning participants to both a
learning and test context in order to make broader claims, in order to make claims about hearing

no sound at test robust to what particular sound was heard during learning.



76

A related drawback of this study is the lack of control over or insight into the retrieval
strategies used by participants during their final test. Context information even latently related to
previously learned information can be an effective retrieval tool (Karpicke et al., 2014; Long et
al., 2015; Whiffen & Karpicke, 2017). Some participants may have facilitated the reinstatement
of previous context, including thinking of previously heard sounds, in order to aid their recall of
target words. This particular strategy could have been easier for those who heard no sound at test
compared to those who heard different sounds. Additionally, the retrieval of any words may have
strengthened the representation of the sound heard during learning. Any combination of these
possible occurrences could have minimized differences in final recall between participants in the
same- and no-sound conditions. Randomly assigning both learning and context conditions would
make it possible to compare memory of those who heard no sound at both learning and test,
compared to those who heard some sound during learning.

Actual Versus Reported Context

One unexpected outcome of this study was the effect of reported context on the number
of words recalled during the final test. Participants who reported hearing the same sound during
both learning and test phases recalled significantly more words than those who reported the
sound being different or those who reported being unsure. Reported context did not depend on
actual context, as a chi square test indicated that the frequency at which people reported these
contexts did not differ according to what sound they actually heard.

It is possible that more is captured by reported context than a true reflection of
participants’ evaluations of the learning and test sounds’ similarity. One argument in favor of
this response reflecting noise is the high rates of error in participants’ reports. Fewer than half of

participants who did hear a sound at test correctly identified it as either the same or a different
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sound. Over a fifth of participants who heard no sound during the test reported hearing the same
sound as when they were rating the sounds for pleasantness. Participants who heard no sound but
who were asked to reflect on the test sound — “Think back to the sound you heard while rating
words for pleasantness, and the sound you heard when you were later tested on those words. Did
you hear the same sound both times?”” — may rightfully have been confused. The question could
have been designed to explicitly recognize that at test, participants may have heard the same, a
different, or no sound at all. While participants may also have not paid close attention to the
question, originally analyzed data only included participants who passed the Manikin and
interval recognition task attention checks, diminishing the likelihood of responses being
consistently inattentive.

Additionally, though this question was asked immediately after participants finished the
surprise test of recall, the act of reflecting on both the learning and test period may have
encouraged participants to update their representation of the sounds heard at both timepoints.
Participants may not have consciously compared the sounds until asked to do so here, and their
reports could have been influenced by motivations to have considered the sounds as similar or
dissimilar, according to ideas about the study’s goals or the likelihood that they were supposed to
hear different sounds. The use of retrieval strategies that relied on contextual cues may have
updated their representation of the musical context at test in a way that conscious reflection
could allow for the test sound to be considered similar to the earlier learning sound, even if there
was no sound during a participant’s test period. These issues of conscious reflection and the
boundaries of accurate recognition are similar to those inherent in previous studies in

psychoacoustics and music cognition, as discussed in the introduction.
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Reported context may therefore not capture an infallible evaluation of two sounds’
similarity, but it is reasonable to assume that it may accurately reflect participants' belief, upon
reflection, about their similarity. With this framework, these results suggest that music-
dependent memory effects were contingent primarily on participants’ belief that the musical
context was the same during a test of target information as when they were originally exposed to
the information. Imagined contexts have been found to produce context-dependent memory
effects to at least the same extent as “real” contexts (Masicampo & Sahakyan, 2014; S. M. Smith
& Vela, 2001). This could be explained through two mechanisms. First, a belief that you are in
the same context, characterized by a conviction in one’s perceptual assessment of two
circumstances informing a holistic context representation that is the same in both instances.
Second, even if someone doesn’t believe they are in the same context, reinstatement of key
features of a context can still strengthen the accessibility of related target information, and could
strengthen the connective representation between the context and learned material.

Further conclusions about the interaction between actual and reported context are more
complicated to interpret. Robust to the inclusion of participants who performed poorly on the
interval recognition task, participants who correctly believed they heard the same sound at both
timepoints outperformed several other groups on the final test of recall. However, in both the
preregistered and exploratory set of participants, there were very few participants representing
certain combinations of actual and reported context. Since groups’ recall scores were
consistently found to have equal variance according to Bartlett tests of homogeneity of variance,
the ANOVAs were likely still robust despite the imbalance of group sizes (Grace-Martin, 2020).

However, the power of these analyses were constrained by the size of the smallest included
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groups; since as few as 4 or 5 participants were in several included groups, this study was
inadequately powered to report on the complex interaction between these factors.
Future Directions

The goal of the present study was to investigate the extent to which the context-
dependent memory paradigm could be a useful method for indirectly assessing the perceptual
similarities between different sounds. It is possible that the interaction of methodological factors
such as the distraction period’s task and length, displaying words twice during the incidental
learning phase, and the narrow ways in which the musical stimuli were altered contributed to the
null results of this study. Continued efforts to assess perceptual similarity through this indirect
method may still be rich, given the complexity of reported context’s effect on memory
performance, and the interactions between actual and reported context that were detectable in
this sample. In order to refine the methodology used for the indirect assessment of perceptual
similarity, future research may benefit from shorter or less intensive distractor tasks, and more
systematically evaluating whether the number of word presentations has an effect on the strength
of context manipulations.

Additionally, future work in this vein should balance the tradeoffs between varying both
learning and test contexts for participants and investigating the myriad ways in which the sounds
themselves could be altered. Varying both learning and tests contexts would allow researchers to
draw claims about how altering features of a musical context affects judgements of sounds’
similarity, regardless of the original sound. However, there are more features of musical
significance, and certainly more of perceptual significance, than the pitch of the high and fast
note in 5:4 polyrhythm. Investigations into pitch interval would benefit from varying the actual

pitches used in order to make claims about pitch interval more broadly, rather than different
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intervals constructed above C4; at the very least, altering whether the two notes of an interval are
played in the 4- or 5-note component of the polyrhythm would allow for generalization beyond
the case where the C4 is always the lower, 4-note component of the sound. Given future
knowledge of effective methodology to pursue this question, tempo or polyrhythmic density
manipulations would be musically rich and extend previous work in music-dependent memory
(Balch et al., 1992; Balch & Lewis, 1996; T. K. Isarida et al., 2017).

The unexpected effect of reported context suggests equally rich lines of future inquiry. Of
course, future work that varies both learning and test context may still struggle to ensure
distributions of participants across actual and reported context categories to allow for more
effectively powered analyses. However, this would allow for claims to be made about how
reported context is or is not influenced by manipulations of sound, rather than changes from a
particular original sound. It is possible that work with a less cognitively intense and/or shorter
delay period between learning and test might find a different relationship between actual and
reported context. As participants are more able to make accurate recognition judgements
between sounds, reported context may mediate this effect, and rates of error in reported context
may be lower. Alternatively, if beliefs about the perceptual similarity of sounds are informed by
more than the physical features of a sound — even when those physical features are more easily
recognized — reported context may still independently effect final recall scores. Similarly, we
may find that participants who incorrectly report hearing a different sound outperform those who
correctly report hearing a different sound; that is, while belief in a similar sound may reflect
context effects being present during learning, the same physical context may still facilitate

context-based memory effects even absent the belief that the contexts were similar.
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Appendix A. Musical Stimuli

Figure Al. The 36 diatonic
intervals between a minor second
and three octaves are shown to
the left, at three octave levels and
12 interval classes. The interval
classes are named according to
the interval name most
commonly used in musical
analysis (e.g., Major third) as
well as the frequency ratio used
to construct (and tune) the

interval (e.g., 5:4).



88

Figure A2.

Octave Level 1 s
5 5 T 5 1T 1
e —— e g
— I I F e o o o o |8 & & & o f f f f
D e s 4 4 4 —
L3
Major second Perfect fifth Major sixth Perfect octave
s C— 1 1 1 ) ) | ) i 1 ) ) il | | |
B — - # ™ — - - P — - - ” - - -

Octave Level 2

T £l

o

el
| 188
.l
| 188
ol
.' wn
AT
T
N
T
T
S Cass

Major second Perfect fifth Major sixth Perfect octave

I L 1 I | I I L

a4 1 T

e e e e e e e e s S S S s S E— S—

Octave Level 3 7 3
) .2 » . - - - _» » » - — F F # F
A" > > "y > -y 1 1 1 1 1 T T 1 1 1 T T T 1
e e  — — — 1 f I — f ‘ ‘ ! ! ! !
1 1 I 1 I
[ YA 5 I L 5 ] 1 5 ]
Major second Perfect fifth Major sixth Perfect octave
s Th— } f } i } i } } } I } } I } }
— i - o s - - & " - # ) o - - -

Figure A2. The 12 pitch intervals used in the experiment, at the interval classes of major second,

perfect fifth, major sixth, or perfect octave, and at the three octave levels.
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Table B1.

fouling sadist belch cinders relapse gazer conveyor mulch broach eyesore spatter pacers
huntsman  clasping shackles warhorse forceps curbside casanova amoeba huntress preying netting tiebreak
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sminking
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newrite henchant veunite pexation
warmip ethanop Jou's uncarled
wastige puraty panine crostate
fastade spifty parklire amenily
hesuit neafiest agongst bracture
walterp otsidian domanly holition
hileage tayrors palivary livilian
tridont supertly bourneys miredly
imtegers posaic mutinoos smapper
launer codiatry asimal imparse
epists cadwoman pandsome tanities
grecks erthrone mavender  fluggish
dylak conniter gyanide emclave
poktains ivnite fickbed veddlers
pleavage decruits snylight anitator

Table B1. List of all words and nonwords included in the lexical decision task of the pilot

studies. A total of 312 words (top 26 rows) and 312 nonwords (bottom 26 rows) were randomly

selected from the 367 nouns and 1147 nonwords that the English Lexicon Project provided as

comparable in length and task performance in reaction time and accuracy.

Table B2.

knife cousin
flame professor
basket prison
sheep card
maid flour

witness
tribe
library
bush

apple

gift
council
cheek
nurse
wool

Table B2. List of all words used in the experiment for ratings of pleasantness and later recall.

Words were a random subset of those used by Mead and Ball (2007).

arnesty
legree
treamt
sorona
editome
romunia
fondone
slatd
cration
crounds
synamses
sidnoys
waximum
nockpits

envign
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what tasks your participants will be asked to do, and about how much time will be expected
of each individual. NOTE: If you have supporting materials (printed surveys,
Mmmmmx:—lmmmwmmu-m“n
Name y your last name and a brief description
(m"w-_s.mvk»
a Pilot Study
i Summary: A pilot study will be conducted to measure how potential musical stimuli
vary on extra-musical characteistics, in order fo bette inform the stimali used during
the Figure | provides a vi of the procedures discussed
here. Participants recruited from the Bard community will be asked to complete 8
45-minute task entirely on the Inquisit Web 6 platform on an independent device. The
time window during which the participant takes the study will be scheduled with the
primary but the seheduling and completion of the experiment will not
require the participant to physically meet the primary investigator at any point. The
participant will complete the screening questions and informed consent measure (soe
Appendices D and B), followed by a short interval recognition task, described below.
Then, participants will repeat a short listening procedure ten times, This listening
procedure consists of completing the lexical decision task, described below while
hearing a given musical stimuli on loop, and then in silence completing the musical
feature ratings for the given audio (see Appendix D), where they answer Likert-type
questions cxpressing dis/agreement with statements such as “The sound was familiar.”
Following that approximutely 30 minute listening procedure, they will complete short
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who complete the informed consent Figure 2. Procedure for the adapted list leamning task in
agreement will then
jonnaire and the. Learning Phase (<3m)

questionnaire (see Appendix D) in the.
Inquisit Web 6 platform, Following this,
they will be thanked, debriefed, and directed
10 retum to MTurk with a code to cnsure
payment. The whole procedure will take

Pl

Word reserinion (600) _Fres Recat (<408)

(% BEAAR AN

. Main Experiment
i Summary: Participants on MTurk who

completed the Screening task and are
determined to qualify will be solicited
directly through MTurk's contact system and
invited to participate in an approximately
25-minute task. Figure 2 provides a visual
overview of the procedures discussed here.
Those who join and complete the informed
consent agreement will then complete the
interval recognition task (described above,
under the pilot experiment). Following this,
all participants will complete the lcarning
portion of the List Leaming Task, described
below, while listening to the same musical
stimuli (the 5:4 polyrhythm at a
predetermined consonant intcrval, ¢.8. the  uricans we randorly sswgoed s one of 13 avdliry
perfoct fith). Participants will then listen to  omrs: a0 s0m o e P S sy ot
white noise for the duration of a ten minute
visual distractor task. Afierwards,
participants will complete the final tests of the List Leamning Task while randomly
assigned 1o one of 13 conditions, in which they may hear no audio, or one of the 12
musical stimuli included in the main experiment, Finally, participants will complete

(see Appendix D), and then will
be thanked, debricfed, and directed 1 retum to MTurk with 3 code 10 casure payment.

i List Learning Task. In order delayed free recall and

material, mlmmmmm‘mukmrum-muwno
Web (2020). Participants will learn and be tested on the same 20 unrelated, neutrally
valenced English words for objects (¢.. “clbow,” “apple™). The task consists of a
lcaming phase, in which the words arc preseated in fixed order every two scconds,
followed by a short free recall period without feedback, three times. After a ten minute

(19 ﬂﬂ)ﬂﬂ)ﬂﬂ)ﬂﬂ\

? View the List Learning Task's code. user manual, and domo:

bups.

download Libeary
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break or distractor task, there is a test of delayed recall lasting two minutes, where
participants are asked 10 recall as many words as they can, in any order. Finally, to test
delayed recognition, 20 words will be presented and participants will use key responses
1o report whether the word was in the studied list (*Y™) or not ("N™). Half of the final
20 words were on the original list of 20 words, and the other half are 10 unstudicd
words,

Wil Distractor Task. Partich i lete a 10-minute il reasoning task, in
order 1o provide a break between leaming and test that occupics attentional resources,
both to engage participants and limit rehearsal. To this end, participants will complete a
task such as the Manikin Test* of Spatial awarencss, in which participants must make
judgements about which hand of a figure holds the same shape as that which surrounds
the figure, o the Spatial Processing Task’, in which participants must judge whether a
histogram is a transformed version of a previously presented target histogram, or a

differently shaped histogram.
Deseribe any risks and/or benefits your research may have for your participants.
a Risks:All of this study imal risk for participants. Due to the online

nature of all tasks, there exists a small risk for discomfort or fatigue during stimulus delivery.
For those involved in the pilot study and main experiment, the listening tasks may pose the
additional small risk of suditory discomfort. To alleviate these nisks, participants will a) be.
told in advance about length of exposure ., b) be able to set
the volume to a comfortable level before listening tasks, and ) be offered shont, self-directed
‘breaks at various points of the procedures. Since listening to audio and using clectronic
devices is a frequent occurrence for most participants, it is likely that they will be familiar
with their comfort level during such tasks and be able to make informed decisions about
participation and breaks.

b. Benefits: This study offers no direct benefits to participants. They may receive indiroct
emotional benefits as a result of the knowledge that they have contributed towards scientific
inquiry and the completion of a Senior Project. All participants will receive compensation for
their time, according to applcable minimum hourly wages at thetine oftheie participation:
i from the Bard y for the pilot study who complete the

experiment before December 31, 2020 will receive $8.85 (for a 45-minute task and a
New York State minimum wage of $11.80/hour).

i, Participants recruited from the Bard for the pilot study wh the
experiment after December 31, 2020 will receive $9.38 (for a 45-minute task and a
New York State minimum wage of $12.50/hour),

Wi, Participants recruited from MTurk for the screening questionnaire will receive $0.24
(for a 2-minute task at the U.S, Federal minimum wage of $7.25/hour).

iv.  Participants recruited from MTurk for the main experiment will receive $3.02 (fora
25-minute task at the U.S. Federal minimum wage of $7.25/hour).

‘\ﬁnua-harmnrspmlmb-m-drm-twuuu-m« user manual, and demo:

hups.

kali:Spnlhorﬂunng no‘t.mlu-ul and demo:
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17. 1 your project study i process you will use, why
pod is anda NA.

3

8

your
. For all projects, please include your debriefing statement. (This is information you provide

1o the participant at the end of your study to explain your research question more fully than
you may have been able to do at the beginning of the study.) All studies must include a
debriefing statement. Be sure to give participants the opportunity to ask any additional
questions they may have about the study. Sec Appendix C. for the debricfing statements.

. If you will be conducting interviews in a language other than English, will you conduct all of

the interviews yourself, or will you have the assistance of a transiator? If you will be using
the assistance of a translator, that individual must also certify that he or she is familiar with
the human subject protocol and has completed the online training course. N'A.

If your recruitment materfals or consent r-m will be presented in languages other than
English, C e these doc edu. NA.
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10. Describe how you plan to mitigate (if possible) any risks the participants may encounter.
Since listening to audio and using clectronic devices is a frequent occurrence for most
participants, it is ikely that they will be familiar with their comfort level during such tasks. Since
listening 1o audio and using electronic devices is a frequent occurrence for most participants, it is
ikely that they will be familiar with their comfort level during such tasks. In order o further
defray any potential discomfort, participants will:

& Betold in advance about the occurrence and length of exposure to these visual and auditory
stimuli;
u Beubklomlhewhllﬂolmfwubklcwlwlhemlgwmdm.
ints of the procedures.

n nmnummm-(u,nny--nwm-numu-uu‘m«un
process to your participants): All participants will be preseated with the relevant conscat form
prior 0 thedeivery of the ek hrough aquisk. The form coetais geral(formdion sbost the

goals of th ity details, as well as
the contact information for the primary investigator and the Bard Institutional Review Board.

12. Have you prepared a consent emalled it to dedu?
Yes.

=

. If you are collecting data via media capture (video, audio, photos), have you included a
section requesting consent for this procedure(s) in your consent form(s)? N/A

. If your project will require you to employ a verbal consent process (no written consent
forms), please describe why this process is necessary and how verbal consent will be
obtained and stored. N/A

. What procedures will you use to ensure that the information your participants provide will
remain confidential and safeguarded against improper access or dissemination? Participants
willbe assured during the consent and debricfing processes that stps are bing taken o cnsure

=

>

he ing of any personal i the Inquisit Web
platform nd data from tasks) will not b ed to
m:lv identifying information (for i mpmm participants, the name on their consent form; for
MTurk participants, any i iated with their 1) after the conclusion of
data collection. All i i ugh the Inquisit Web platform will be temporarily

stored on their servers in Oregon, USA. Their security statement is accessible here While it is
stored there, it is only accessible 1o the primary investigator through their password-protected
Inquisit account. At the conclusion of data collection, data will be stored offlinc on a
password-protecied computerto which only the primary investigator has access. Patcatially

personal responses to ill only be used
i ification for further i udnum«ledlolhmmnmem
experiment, and all i I other J ires, and task
will be reported in aggregate.
16. Will it be necessary to ption with your atany

research? Withholding details about the specifics of onc’s hypothesis does not constitute
deception, this is called incomplete ﬁdﬂn. Deception involves purposefully

about th f the estic about the nature of the task they
will be completing. No.
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APPENDIX A: RECRUITMENT MATERIALS
Sample On-Campus Recruitment Materials

Think Musically

pate in a Bard h Senior Project
abou! music and cognition & gat paid for
I the online

o Ue}ﬁﬂ g

Interested? Tear off an email slip to learn more!

JHHHHT

Sample Amazon Mechanical Turk (MTurk) Human Intelligence Task (HIT) Descriptions
Screening Questionnaire

Title: Auditory Experiences

Description: This study contains short multiple-choice questions about your experienices and attitudes
about hearing. music, and language. The study will run in Inquisit Web 6. The activity sorves as a scroener
for future rescarch affiliated with the Bard College Psychology department to be conducted by the
Primary Investigator.

Custom keywords: n/a

Time Estimate: 2 minutes.

Payment: $0.24USD

Experimental Task
Title: Sound and Cognition Study
Description: This study asks you o lisen 10 various simple audio recordings while lcaming and

verbal data visually, and asks short multiple-choice questions about
your experiences and attifudes. This study will run in Inquisit Web 6.
Custom keywords: n/a

Time Estimate: 25 minutes.
Payment: $3,02USD
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APPENDIX B: CONSENT FORMS
Pilot Experiment Consent Form
INFORMED CONSENT AGREEMENT

You are being asked to participate in a study designed as a part of a Bard College Senior Project in the
 Psychology. This experiment secks to investigate how sound and learning interact.

Please take time to thoroughly read through this form, which describes potential risks and benefits of
participation in this study. After you have been fully informed, you have the right to choose whether you
wish to participate by signing or not signing this form, You al ility to end your partcipation
in this study at any time during or aftcr your complction of the study.

l-lqnuu This cxperiment sccks 10 invesigakc how sound and leaming ineract. I thisplot study,
1o listen to vari ing judgements about visually presented items as
wdlnfumuflbem-b‘I’Mnakuuumndnuhwwn-dyl’mmhlml

Risks and Benefits: Participating in this study poses minimal risk. As a part of this experiment, you
would be asked to complete a series of tasks on the Inquisit Web 6 platform, which is free and safe to
download, Mmm}kwilhmﬂldukwwmohkm You will be asked to listen to different
sounds, and will be allowed to determi listening volume to avoid potential discomfort.
You will also be asked 1o pay atiention 1o items presented visually through the screen, and will be offered

the opportunity to take short breaks periodically to alleviate the potential fatigue or discomfort resulting
from time spent in front of a digital device.,

Whil paricipation i tis stady may no provids any diret benfits 0 you, you will eive |

compenstion o you e, described below. Adiinaly you wil that
ing and b ition, and you will support the completion of &
Senior Project, therefore supporting dent in developing rescarch skills

Compensation: Your compensation has been sct in accordance with NY State minimum wage at your
time of participation. {IF PARTICIPATING BEFORE December 31, 2020) Therefore, you will receive

S$8.85 for your . [IF PARTICIPATING AFTER December 31, 2020] Therefore, you will receive

$9.38 for your time,

C the Inquisit platform, including responses to

mm:mndywpwtmmx:musk: mllh:u!lpa-ﬂymulm Inquisit’s servers, and at the
P which only the

primary investigator and their advisor will “These data will b anonymous

subject and from thi form, whi ins your name.

The final published version of this rescarch will be permancntly and publicly available as a Senior Project
at the Stevenson Library of Bard College, and digitally through the Digital Commons. This information
may also be used in the potential publication or presentation on findings that result from this project. In
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Risks and Benefits: Participating in this study poses minimal risk. As a part of this experiment, you
would be asked to complete a series of tasks on the Inquisit Web 6 platform, which is free and safe to
download, and compatible with most deskiop and mobile devices. While you will be asked to aitend to
questions presented visually on-screen, the short length of the task is intended 1o alleviate the potential
fatigue or discomfort resulting from time spent in front of a digital device.

Whileparicipation inthisstudy may no povide any diret benfits 10 you, you will ive
compensaion o your e, described bekow: ASSS ‘you will provid

ing of lcaming and hu it -ﬂyum!nwu\l:mnplﬂmu{l
Senior Project, therefore support

Compensation: For your participation, you will be provided with direct monetary compensation through
MTurk totalling $0.24 for & 2-minute task.

Confidentiality: Information you provided through the Inquisit platform, including responses to
questionnaire and your performance ontasks,will b empararly siored on Iquiscs severs, and a the

11 b 10 which only the
mmmmmmwlmm melbemmmnmmm
subject number unrelated 1o your MTurk account. The l
the task will be randomly issucd by Inquisit and used only to disburse payment, and at no point will
Inquisit reccive information connected o your MTurk account.

‘The final published version of this rescarch will be permancntly and publicly available as a Senior Project
at the Stevenson Library of Bard College, and digitally through the Digital Commons. This information
may aso b used in the potenia publication o presentation on findingsthat reslt from this poject. In
these cases, your data will be preseated i with the ind will not be
linked to any identifiable information.

Your Rights as 3 Your parti in this experiment is catircly voluntary, meaning that
h 8 i from the experiment at any time without penalty.

The experimenter will provide you with more information sbout the experiment at the complction of this
session. If you have any further questions regarding this study, you may email the principal investigator,
Hadley

s, or the Bard College Institutional Review o).
STATEMENT OF CONSENT:
“The purpose of this study, procedures 10 be ollowed, and theriks and benefits have becn cxplained 10
me. | have been told whom i1 questions. | form and

agree 0 be in this study, with the understanding that | may withdraw at any time.”

By continuing 1o procecd by clicking the below button, you are indicating the following:
- Tamatleast I8 years of age.
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these cases, your data will be presented the data of other nd will not be
linked to any identifiable information.

Your Rights as a Your participation i this experiment is entirely voluniary, meaning that
you can choose to not participate of 1o withdraw from the experiment at any time without penalty. If you
choose to withdraw, you will stil have the opportunity 1o receive compeasation for the time you planned
10 spend involved in the study. If you do wish to withdraw at any time, feel free 10 inform your
experimenter, who can pause the experiment and withdraw your data from collection and analysis.

The experimenter will tell you more about the experiment at the completion of this scssion. If you have
any further questions regarding this study. you may ask them during the scssion, of you may cmail the
principal investigator, Hadley i), the advisor overseeing this project, Justin
Hulbert (jhulberidsbard o), o the Bard College Institutional Review Board (b bard cdu).

STATEMENT OF CONSENT:

“The purpose of this study, procedures to be followed, and the risks and benefits have been
explained (o me. I have been given the opportunity to ask questions, and my questions have been
answered to my satisfaction. | have been told whom to contact if | have additional questions. | have
read this consent form and agree to be in this study, with the understanding that | may withdraw at
any time.”

By checking the box below and proceeding. you arc indicating the following:
- lamatleast I8 years of age.
= Dhave fully read the of this informed
+ L ogree with the sbove statmment of conseat.

ith my informed icipate in this study.

[11agree

recner Consent
INFORMED CONSENT AGREEMENT

You are bei igned as a part of a Bard College Seaior Project in the
Dtpnmnlofhydologynhu.wy;cduwlnnnboumumwnﬁbanummud
tanguage, and will be used for future

Please take time 10 thoroughly read through this form, which describes potential risks and benefits of

mmmmmﬂyAn«mmmmuymrmmhmmnyunmmuw
by signing or i form. You als ility to end your

mlhuﬂyunymdmw-hmmmdhmdy

lndqm-"'l'hilmrywm your experiences with hearing, music, You

i ions in the Inquisit Web 6 platform. The results will be
mnwmmm-«.mmmwrummrmnmnmmuu
estimated 10 take two minutes to complete,
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- Lagree to be contacted through MTurk with invitations to participate in a future study, should |
qualify.
= Ihave fully read the of this informed
- lagree with the sbove statement of consent.
[ 11 agree with the above statements and provide my informed consent to participate in this study.

Main Experiment Consent Form (MTurk)
INFORMED CONSENT AGREEMENT

You are being asked o participate in a study designed as a part of a Bard College Senior Project in the
f Psychology. This iment secks 1o investigate how sound and leaming interact.

Please take time 10 thoroughly red through thix form, which deseribes potential isks and benefits of
participation in this study. Afler you have been fully informed, you have the right to choase whether you
wish to participate by signing or not signing this form, You also have the ability 10 end your participation
in this study at any time during or after your completion of the study.

Background: This expeniment seeks 10 investigate how sound and leaming interact. In this study, you
will be asked to pay attention to different visually presented stimuli, including English words and
‘numbers. You will also be asked 1o listen to various sounds during the leaming process. This task will
take approximately 25 minutes to complete.

Risks and Benefits: Participating in this study poses minimal risk. As a part of this experiment, you
would be asked to complete a series of tasks on the Inquisit Web 6 platform, which is free and safe to
download, and compatibi with most deskiop and mobile devicss. You will be asked to listen to different

sounds, end will be allowed listening volume to avoid discomfc
Yw-ullnhnbeﬂednpymmhlmwwv-ﬂymum and will be offered
the opportunity 1o take short iate the potential fatigue or dis resulting

from time spent in front of a digital device.

While participation in this study may not provide any dircet benefits to you, you will receive
ewwuﬂim for your time, described below. Addiionally. you will povide crucial information that

of leaming and b ion. and you willuppor he completion ofa
Senior hojm. therefore i il

Compensation: For your participation, you will be provided with direct monetary compensation through
MTurk totalling $3.02 for a 25-minute task.

C i the Inquisit platform, including responses to
mmm;u.p«t«uummmnhmlymmmm-m;m-ﬂnm
ill be which only the

priaary iavestigaio s thei vieot il eve accoss. Thase data wil b comoctad 0 sa ascaymions
subject number unrclated 10 your MTurk account. The completion code you receive at the completion of
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the task will be randomly issued by Inquisit and used only 10 disburse payment, and at no point will
Inquisit receive information connected to your MTurk account.

The final published version of this rescarch will be permancnily and publicly available as a Senior Project
at the Stevenson Libeary of Bard College, and digitally through the Digital Commons. This information
may also be used in the potential publication or presentation on findings that result from this project. In
these cases, your data will be presented i ith the data of other participants and will not be
Tinked 10 any identifiable information.

Your Rights as 2 Your participation in this experiment i cntircly voluntary. meaning that
‘you can choose o not participate of 1o withdraw from the experiment at any time without penalty.

‘The experimenter will provide you with more information about the experiment at the completion of this
session. If you have any frther questions regarding this study, you may email the principal investigator,
Hadley Pa du), or the Bard College Review Board ).

STATEMENT OF CONSENT:
“The purpose of this study, procedures to be followed, sk
me. | have been told whom ifl itional questions. | i form and
agree 0 be in this study, with the understanding that | may withdraw at any time."

By continuing to procced by clicking the below button, you arc indicating the following:
+ am atleast 18 years of age.
- I“ (that | b hearing loss, | do consider English a
primary language, am willing to download Inquisit Web 6 and can play audio through my device).
- have fully read and understand the contents of this informed consent agreement.
- Lagree with the above statement of consent.
111 agree with the ab ide my informed 10 participate in this study.
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Thank you for partis This study was designed to investigate
aunmwmhu-u.m-dw-llmllbemmmdm‘mnyhm

Should you be igible for L you
wﬂlhmﬂ&mﬂwaM;mW' ion beyond this has nei hcited
nor accessed.

Remember that you are free to withdraw consent even after the conclusion of the experiment for any
concerns. If you would like 1o withdraw your data from our analysis or potential participant pool. or if
you v sy farher quesions o concerns sbouthe sy, you a1 wekcome 0 contctthe primry

investigator, Hadley Pan du). 1f you by your

participant, please contact the Bard College IRB at jrhvis hard ody.

To extend d ic, and in case of any current distress or fatigue, you sre
encouraged to contact the following helpline for further support: National Alliance on Mental liness's
(NAMI's) HelpLine (st 1-800-950-6264).

‘Thank you again for your participation! Plcase return to MTurk and enter the following unique code in
order to finish the HIT and have payment credited 1o your account.

Code: 248371

Main Experiment Debriefing Statement (MTurk)
DEBRIEFING STATEMENT
PLEASE KEEP THIS SHEET FOR YOUR RECORDS

Study Title: Varying Pitch Interval as Cued Musical Context Demonstrates the Perceptual Similarity of
Polyrhythms
Principal Investigator: Hadley Parum (hp404 14 bard.cdu)

‘Thank you for perticipating in this experiment! This study was designed to investigae the relationship
between different musical featy Your bedmcu how
humans may organize or categorize the similarity ical
stimuli when behavioral processes depend on this material to some extent.

Remember that you are free to withdraw consent even after the conclusion of the experiment for any
concerns. If you would like to withdraw your data from our analysis, or if you have any further questions
or concerns about the rescarch, you are welcome 1o contact the primary investigator, Hadley Parum

cdu). If you b your rights as a rescarch participant, please contact the
Bard College IRB at ichg bard odu.
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APPENDIX C: DEBRIEFING STATEMENTS
Pilot Experiment Debriefing Statement
DEBRIEFING STATEMENT
PLEASE KEEP THIS SHEET FOR YOUR RECORDS

Study Tithe: Varying Pitch Interval of Polyrhythms
Principal Hadlcy Parum du)

Thank you for participating in this experiment! This study was designed to investigate the significance of
the musical featurc of pitch distance ions of musical stimuli. Your participation will help further
rescarch about features of musical stimuli and human cognition.

During the procedure, we asked you to complete a lexical decision task, where you judged whether a
string of letters was an English word, whill listening to different sounds. While we were interested in
‘your performance on this task. it will be used to compare how unconsciously distracting the sounds were,
rather than as a score of your individual performance. You were also asked to provide ratings of the
sounds you heard. These will be used again to compare a large selection of sounds to each other, so that
future research can beter ensure that when some of these sounds are used, any effects driven by theie
diffe best be diffe in pitch di rather than how familiar or consonant
they are 1o liteners,for exammple.

Remember that you are free 1o withdraw f lusion of the experiment for any
mlryumulh»m-wmanﬁunu-mmmfmmmmm
or concerns about the research, you are welcome to contact the primary investigator, Hadley Parum

(14041 G bard odu). If you have concerns about your rights as a rescarch participant, please contact the
Bard College IRB at ichs bardedu.

To extend duri ic, and in case of any current distress or fatigue, you are
encouraged to contact any of the following: Bard Counseling Center (at 845-758-7433), BRAVE (at
1-845-758-7777) or the National Alliance on Mental lliness's (NAMI's) HelpLine (at 1-800-950-6264).

Thank you again for your participation! While this study does not rely on explicit deception
concerning its hypotheses, we Kindly request that you not disclose the detilsof the experiment 0 any
individuals until after they have » decline to participate in the study.
Prioe knowledge of the goals may invalidete the results nd weaken our sbility 10 rely on them in the
future. We greatly appreciate your cooperation.

Sereener Study Debriefing Statement (MTurk)
DEBRIEFING STATEMENT
PLEASE KEEP THIS SHEET FOR YOUR RECORDS.

Study Title: ionnaire for Bard College Senior Project Rescarch

Principal Hadley Paru )
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d du i ic, and in case of any d& fatigue, you are

encouraged 1o contact the following helpline for further support: National Alliance on Mental Ifiness's
(NAMI's) HelpLine (at 1-800-950-6264).

Thank you again for your participation! While this study does not rely on explicit deception
concerning s hypotheses, we kindly request that you not disclose the details of the experiment 0 any
individuals untl after they ipate or decline to participate in the study.
Prior knowledge ofthe goals may invalidate the resuls and weaken our ability 1o rly on them in the
future, We greatly appreciate your cooperation.

Please return 1o MTurk and enter the following unique cod in order to finish the HIT and have payment
credited to your account.

Code: 173842
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APPENDIX D: QUESTIONNAIRES

Screening Questionnaire

Instructions: These questions are used only to determine your ability to participate in current rescarch.
Your answers will not be connected 10 your name, unique participant ID, (MTurk account,) o in any other
way connected to your identity. (MTurk users only: Due to the different needs of various studies, it is vital
that you respond honestly so that we may solicit you for appropriate opportunitics.)
Hearing Normality

1. Have you ever been dingnosed with hearing loss (includis limited
Méniére's discase, Presbycusis, Physical head injury, Ototoxic medicine, or noise exposurc)?
[VES] NO) [DECLINE TO RESPOND] * Must seleet one

~

Do you currently consider yourself D/deaf or hard of hearing?

[YES] NO) [DECLINE TO RESPOND] * Must select one.

b

Do you consider yourself to have absolute/perfect pitch?
[YES] NOJ [DECLINE TO RESPOND] * Must select one
4. Do you consider yourself 10 be tone deaf”?
[YES] NO) [DECLINE TO RESPOND] * Must select one
English proficiency
5. Do you consider English a primary language?
[YES] NO) [DECLINE TO RESPOND] * Must select one
6. Did your household speak English more than half the time during your childbood?

[VES] (] [DECLINE TO RESPOND] * Must seleet one

IRB Proposal. Pitch Interval Context and Perceptual Similarity of Polyrhythms 19

Musical Feature Ratings

Think back to the sound that played during the most recent lexical decision task. For cach statement
below, select the number that best reflects your personal agreement with the statement about the sound
you just heard. Select only one number for cach statement.

The sound was familiar.

Strongly Neither agree Strongly
Disagree nor dissgrec

1 2 3 4 s 6 7

The sound was pleasurable (felt good 10 hear).

Strongly Neither agree Strongly
Disagree mor disagree Agree

1 2 3 4 s 6 7

The sound was consomant (sounded good acsthetically).

Strongly Neither agroc Strongly
Disagree nor disagree Agree

1 2 3 4 5 6 7

The sound was engaging.

Strongly Neither agree Strongly
Disagree nor disagree Agree

1 2 3 4 5 6 7

The sound was distracting.

Strongly Neither agree Strongly
Disagree oor disagree

1 2 3 4 5 6 7

The sound was happy (regardless of what emotion it made you feel).

Strongly Neither agroe Strongly
Disagree ot disagroe Agree

1 2 3 4 5 6 7

IRB Proposal, Pitch Interval Context and Perceptual Similarity of Polyrhythms 18

Demographic Questionnaire
1. What is your age in years? (Provide response in whole mumbers, e.g. *3”; NOT “4.57)
—] [Decline to Respond] * Must select one
2. What is your gender identity?
Male] [Female]  [Nonbinary/Other]  [Decline to Respond] * Must sclect one:
3. What is your race or ethnicity?

[Aftican-American/Black]  [Asian] [Native American]  [White/Caucasian]
[Hispanic/Latino] (Other] [Decline to Respond] *Select all that apply
Musical Experience Questionnaire

When asked for a numeric answer. please answer in whole numbers (8. “3", “45": NOT *1.5").

. Have you ever had musical training (in school, private lessons, ctc.)?
[VES] o)
a Ifyes, what was the age at which you began training?
=
b. 1fyes, what was the age at which you stopped playing (current age if you stil play)?
| S |
Do you currently play an instrument (at any level of formality)?

».

YES] INOJ
4 Ifyes, for approximately how many hours a week do you play an instrument?
| SR
b. Ofthese hours, how many hours a week do you spend improvising (rather than playing
from memorized or written music)?
| S— |
3. How many hours per weck on average do you spend listening to music of any kind?
=

IRB Proposal, Pitch Interval Context and Perceptual Similarity of Polyrhythms. 20

APPENDIX E: HUMAN SUBJECTS TRAINING
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APPENDIX F: MUSICAL STIMULI
Audio Examples

For an examplc of the looped audio a participant would hear concurrently with the lexical decision (pilot)
or list Iearning (main experiment) task, click here of type bitly/S-4-100p into your browser.

Musical notation for full stimuli
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Entry C2. IRB Approval, November 15, 2020.

Bard College

Date: November 15, 2020
To: Hadley Parum

Cc: Justin Hulbert, Deborah Treadway, Brandt Burgess

From: Tom Hutcheon, IRB Chair

IRB Proposal, Pitch Interval Context and Perceptual Similarity of Polyrhythms

Example Stimuli in Main Experiment
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nsttutonal Keview Hoanr
Institut IR B 1

Re: Varying Pitch Interval as Cued Musical Context Demonstrates the Perceptual Similarity of

Polyrhythms
DECISION: APPROVED

Dear Hadley,

The Bard Institutional Review Board has reviewed and approved your proposal entitled “Varying
Pitch Interval as Cued Musical Context Demonstrates the Perceptual Similarity of Polyrhythms.”
Your proposal is approved through November 15, 2021 and your case number is:

2020NOV15-PAR.

Please notify the IRB if your methodology changes or unexpected events arise.

This sounds like a really interesting project and we wish you the best of luck with your research!

(XS

Tom Hutcheon
IRB Chair
thutcheo@bard.edu
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Running Head: Pitch Interval as Context (2020NOVI1S-PAR, Amendment 1)

Dear Members of the IRB,

Attached you will find an amended version of the IRB protocol 2020NOV15-PAR (“Varying
Pitch Interval as Cued Musical Context Demonstrates the Perceptual Similarity of Polyrhythms™). While
all changes from the original version of the submission are highlighted in yellow so for case of reading, |
will also describe the changes and their motivation below.

During December 2020, 1 was lucky enough to receive monetary support for this project both
from the Psi Chi International Honor Society and Psychology, as well as from Bard's Lifetime Leaming
Institute. Additionally, complction of the coding and testing process brought 1o light that we could tweak
the number of intervals included (now 36 instead of 37, without the unison), increase how many of cach
participants hear (12 rather than 10), allowing for more robust observations while also decreasing the
overall time needed to be spent on the task (30 minutes instead of 45).

As a result of both the additional financial support and the streamlined pilot protocol, | would be
able to increase the number of participants | am able to recruit theeefold, from 24 1o 72. Additionally. the
new time estimates are reflected in an adjusted payment amount for those who participate. The monctary
support received also accounts for the increase in participants | would be ablc 10 retain for the main
experiment, which is now $59 instead of the previous 390.

The ability 1o increase the number of participants included in the pilot experiment is especially
exciting, because having a more robust understanding of how different potential musical stimuli affect
participants” performance on a word task as well as what opinions people form of these sounds will
greatly improve the ability of the main experiment 1o account for these differences in design and
interpretation. m.mnmxmmhmmunmyrmxmmm.mm»{
chance alone, and an increase in the diversity of participants in the pilot would
resilience of any findings when applied to a more gencral population, such as that which will be hclmhd
in the main experiment.

My initial IRB submission included language about recruiting “members of the Bard community
.. through publicity measurcs such as posters in campus locations or through social media.” Additionally,
1 would like o include social media advertiscment that reaches potentially beyond the Bard community,
10 other people with access (o Faccbook, Instagram, and/or Twitter. This may include college-aged
individuals as well as older individuals who have interacted with me in professional or familial settings,
or who have had involvement in the debate community, for example. If these forms of advertisement do
not gamer the intended number of participants, recruitment may also extend 10 workers MTurk, providing
access to a population simifar to thase who would be involved in the main cxperiment (in order to
minimize selection differences between MTurk workers involved in the experiment rather than pilot, all
MTurk workers' compensation will remain commensurate with the U.S. Federal minimum wage).

This intended change to accessed p ‘with changes 10 n
Appendix A, and the inclusion of a global test of cligibility criteria when informed consent is
administered. This global test of cligibility criteria allows for no time delay between administration and
completion of the main task (this time delay exists for the main experiment), and allows for non-M Turk
participants to provide a holistic response 1o their cligibility without specific answers being linked to
payment information they provide; no comparable risk of identification exists for MTurk participants, but
the structure is retained in order to minimize variation in the overall task. This adjustment of the screening
questioanaire is reflected in Appendix D, Changes to the pilot consent form in Appendix B reflect the

Pitch Interval as Context (2020NOVI5-PAR, Amendment 1) 3

Section 1

1. Today's date: January 3, 2021
Name: Hadlcy Parum
Email: bo4041 6 hard oy

h

Your Academic Psychology
staff, grads student): &
Senior |
6. Adviser or Faculty Sponsor (if applicable): Justin Hulbert
7. Myou arcagr has your Adviser or Faculty Sponsor seen
and approved your application? Yes

Your Adviser's or Faculty Sponsor's email address (if applicable): jhulberiic hard cdy

9. Please list all individuals (full name and status, i.c. faculty, staff, student) involved in this
project that will be working with human subjects. Note: Everyone listed must have
completed Human Subject Research Training within the past three years. Hadley Parum

10. Do you have external funding for this rescarch? Yes,

1. 1 5o, state the name of the sponsor and the title of the project as it was submitted to that

spemsor. [GeciEl 500 from the Psi Chi
Honor Society, as well as a S from ifetime Leaming Institute
amounting to $750. Both were received in December 2020, and the title of this project as.
submitted 10 both was “Varying Pitch I
Perceptual Similarity of Polyrhythms™

Section 2

1. Whatis the title of your projeet? Varying Pitch Interval as Cued Musical Context Demonstrates
the Perceptual Similarity of Polyrhythms

2. When do you plan to begin this project? (Start date): December |, 2020

3. Describe your research question(s): We know that pitch and rhythm interact to explain our
perception of music. However, it is not fully understood what aspects of these key features arc
‘most essential 1o the perceptual similarity of musical examples. To investigate this further, the
present rescarch relies on a test of context-dependent memory of English words using a test of
delayed free recall. i Icarn words while played at the pitch
interval of a perfict fifth, and will later be tested on the studied words while hearing the
pdmmnmm«amdmhmug the minor second, major third, and major
sixth), or'nll hear it Z will recall a higher

vords ly if the musical-audil is the same at test as it was during

lanm; Furthermore, | expect recall to be higher if participants heard a) pitch intervals in the
same octave level as that heard at learning, such that intervals arc closer rather than farther apart,
and if they heard b) an interval class consonant o the original interval or the ratio of the
polyrhythm. These indings aim o show that perceptual reltionships ke similrity depend on
certain relational aspects of key features, like proximity and "
of perception and music cognition.

4. Describe the population(s) you plan to recruit and how you plan to recruit participants.
m..nu-lmn&-m-nu.mdnnmﬁmnw Participants
will be recrui mix of sources, additional onlin

Entry C3. IRB Amendment, submitted January 3, 2021.

Pitch Interval as Context (2020NOV15-PAR, Amendment 1) 2

aforementioned changes to payment, task length, and exclusion criteria. Finally, an outline of the

1o which non-MTurk pilot will be directed is included in Appendix G.
Ullmndy. nges do -N«nh:wmmmr he exp yet do maintain
* security th task length, there

dmpwmemuumnumuedwmmumw However, il:seclmmmldlllowh
in the pilot study, and in the main experiment

great y
which will el on s findinga.
Of course, let me know if 1 can provide any additionsl information of clarify anything within.

Sincerely,
Hadley Parum
b0l @bard.cduy
PS.. Happy New Year!
Pitch Interval as Context (2020NOV 1 5-PAR, Amendment 1) 4

populations reached through social media, and through Amazon's Mechanical Turk (MTurk).
Before they agree to participate, they will be determined to be above the age of 18, with English
as a dominant language, and without self-reported hearing impairments or perfect pitch: M Turk
participants will also be restricted to those currently residing in the United States. Additionally,
all participants will verify that the device used for the experiment has functional audio output and
the capacity 1o download the laguisit Web 6 player,” which is compatible with most Windows,
Mac, 108, and Android devices. Al paricipants wil be nformed tha the experiment will involve
istoning to sedio snd begin th

Any paricipantsrecruitod through MTurk will be provided a desciption o th tak's purpos,
Tength, and usc of audio playback as weil as the Inquisit Web player, and will be able to volunicer

through Amazon’s website to participate in exchange for ‘monet Any
participants recruited from the Bard oy be publicity h
as posters in campus locations or through social medi ionally, social media advertis

may with access to

Facebook, Instagram, and/or Twitter,

. Will your participants include individuals from vulnerable or protected populations (¢.g.

children, pregnant women, prisoners, or the cogaitively impaired)? No.

. If your participants will include individuals from the above populations, please specify the
you will use to recruit and consent. N'A.

% A"mludyh--lylndvﬂnhﬁyunmunrﬂdmhynrwﬂy'hul

estimate: §82unique participants. Pilot study: 72 participants; screener questionnairc: 780

>

E

. Describe the procedures you will be using to conduct your research. Include descriptions of
what tasks your participants will be asked to do, and about how much time will be expected
of cach individual. NOTE: If you have supporting materials (printed surveys,

etc.), email
1o IRB@bard.cdu. Name your attachments with your last name and 1 brief desription
(€2 "WatsonSurvey.doc).

a. Pilot Study

i Summary: A pilot study will be conducted to measure how potential musical stimuli
vary on extra-musical characteristics, in order to better inform the stimuli used during
the Figure | provides a of the procedures for this

25-30 minute task..

Appendix D), and th "

mu-ﬁuhmmmsmmwm

_-(-AMB)

e
primeny-investigmoratamy-point: The participant will complete informed consent
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measure (see Appendix B), followed  Figure 1. Procedure for the pilot experiment.
by a short interval recognition sk, | exical Decision Task
procedure twelve times. This

described below. Then, participants
[ Gea |
listening procedure consists of Toacher

will repeat a short listening
completing the lexical decision task, o Sl e v s

described below while hearing s characir s  word or nomword 54 byt 3 v sch
given musical stimuli on loop, and Lalllls
then in silence completing the Musical Feature Ratings
musical feature ratings for the given [ “The sound was tamiter *
audio (scc Appendix D), Whete ey | gy ]
answer Likert-type questions — el
expressing dis/agreement with ¥, 3 3 R e A

b as “The sound was
familia” Following that T
nppmunnely!ommkam;
procedure, they will complet i peri

i Anncndix D) SRR ¢

tothe

maum,mymnuw debricfed. and will receive payment.
Interol Recogaiion ask In rder o confrm participan e reports sbout hearing
loss, d pitch d they will complete
a short (less than one minute) interval recognition task. Six musical examples,
consisting of two notes played in sequence at 150bpm (for a five sccond musical
example), will be presented to participants. Aficr cach one, they will be asked whether
the second note was higher or lower than the first. Then, they will be asked to gucss
which interval name best fits the interval they heard between the two notes (€.g., minor
sccond, perfect fourth, or major sixth).

Musical Stimuli. Created with Musescore, sounds will consist of 5:4 polyrhythms
played at a given pitch interval, ranging from a minor second 10 three octaves apart, for
36 10tal possible intervals included in the pilot experiment, Based on pilot experiment
results, 12 of these intervals will be included in the main experiment. See Appendix F
for examples of musical stimuli in music notation and for links to audio examples.
Lexical Decision Task. Participants will complete a task adapted from that which is
publicly available on Inquisit's millisccond database * in order to provide a
within-subject measure of attention while cvaluating words. They will be asked to
categorize a given set of letter characters as cither comprising an English word or a
nonword, responding with an “I" key for valid words and an “E for nonwords. Each
word is prescnted briefly, foe a period of 250ms, followed by a fixation cross in the
center of the screen until their response, which is followed by 700ms of buffer time in

¥ View ilable tasks: Jibe
Pitch Interval as Context (2020NOV 15-PAR, Amendment 1) 7
il List Learning Task. In order layed free recall it learned

mwlmmmm‘wﬂmmrmmmmmno
Web (2020). Participants will Icam and be tested on the same 20 unrelated, neutrally
valenced English words for objects (¢.g., “clbow,” “apple”). The task consists of a
learning phase, in which the words are presented in fixed order every two seconds,
followed by a short free recall period without feedback, three times. After a ten minute
break or distractor task, there is a test of delayed recall lasting two minutes, where
participants are asked 1o recall as many words as they can, in any order. Finally, to test
delayed recognition, 20 words will be presented and participants will use key responses
to report whether the word was in the studied list ("Y™) or not (“"N™). Half of the final
20 words were on the original list of 20 words, and the other half are 10 unstudicd
words,

Distractor Task. iciy ill pl 10-minute vi i ing task, in
order 1o provide a break between Ieaming and test that occupies attentional resources,
both to engage participants and limit rehcarsal. To this end, participants will complete a
task such as the Manikin Test* of Spatial awarencss, in which participants must make
judgements about which hand of a figure holds the same shape as that which surrounds
the figare, or the Spatal Processing Task’, in which participants must judge whether a
histogram is a transformed version of a previously presented target histogram, or a
differently shaped histogram,

Pitch Interval as Context (2020NOV I15-PAR, Amendment 1) 6

5. Scroener Questioanaire

which only the fixation cross s present.
test rials

participants to the controls, the presentation  Le8ming Phase (<3m)
of all words takes approximately three
minutes.

Worlprusariion (60n)__ Fres Recat (<408

(0 AAXAAYANNG)
Lad

Summary: A screener questionnaire is a
procedure supported by the community of
researchers and MTurk workers in order to
cquitably determine cligible participants for
future rescarch, without disqualifying
MTurk workers who would otherwise
attempt 1o complete a study for which they
are incligible. Participants recruited through
MTurk who compicte the informed consent
agreement will then complete the screening

questionnaire (see Appendix D) in the
Inquisit Web 6 platform. Following this,
they will be thanked, debriefod, and directed

10 retumn to MTurk with a code to ensure
payment. The whole procedure will take =

e M-u:Expmngu o Voo R 17
Summary: Pasticipants on MTurk who “’)nni’ﬂﬂ)ﬂn)ﬂﬂj
completed the Screening task and are i e sy
determined to qualify will be solicited ::7;_:.--:-—-5‘

dircetly through MTurk's contact system and
invited to participate in an approximately
28-minute task. Figure 2 provides a visual
Thase who join and complete the informed conscnt agreement will then complete the
interval recognition task (described above, under the pilot experiment). Following this,
all participants will complete the leaming portion of the List Leamning Task, described
below, while listening to the same musical stimuli (the $:4 polyrhythm at a
predetermined consonant interval, ¢.g. the perfect fifth). Participants will then listen to
white noise for the duration of a ten minute visual distractor task. Afterwards,
participants will complete the final tests of the List Leamning Task while randomly
assigned 1o one of 13 conditions, in which they may hear no audio, or one of the 12
musical stimuli included in the main experiment. Fl-.“y. participants will complete
Appendix D), and then will
um*w«.ummnmmm‘nm.mmmm

Pitch Interval as Context (2020NOV15-PAR, Amendment 1) L]

iv.

measures for the pilot study will receive $6.25 (for a 30-minute task and a New York
State minimum wage of $12.50hour as of January 1, 2021),
MTurk for 75 (for

the US, i
Participants recruited from MTurk for the screening questionnaire will receive $0.24
(for a 2-minute task at the U.S. Federal minimum wage of $7.25/hour).
Participants recruited from MTurk for the main experiment will receive $3.02 (for a
25-minute task at the U.S. Federal minimum wage of $7.25/hour).

10. Deseribe how you plan to mitigate (if possible) any risks the participants may encounter.
Since listening to audio and using clectronic devices is a frequent occurrence for most

Tikely that they will be familiar with their comfort level during such tasks. Since

participants,

listening to audio and using clectronic devices is & frequent occurrence for most participants, it is
likely that they will be familiar with their comfort level during such tasks. In order to further
defray any potential discomfort, pasticipants will:

& Be told in advance about the occurrence and length of exposure o these visual and auditory

stimuli;
b. Beable to set the volus

level during procedure, and

¢ Be offered short,self-dirccted breaks at various points of the procedurcs.

- Describe the consent proces (.., how you will xplain the consent form and the consent

Figure 2. Procedure for the adapted list leaming task in

gt 3x
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9. Describe any risks and/or benefits your research may have for your participants. process to your All pr with form
8 Risks: All of this study i inimal risk for partici Dum»nonm muuumaummlmmrmmmmmu
nature of all tasks, i risk for di e’ ‘goals of the experiment, risks ils, as well as
Fanon:-mwadmuuhmdymdwmmlauwmmm the contact information for the primary investigator and the Bard Institutional Review Board.
additional small risk of auditory discomfort. To alleviate these risks, participants will a) be. 12 Have & consent ailed it as an i adu?

told in advance about the occurrence and length of exposure to these stimuli, b) be able 1o set Yes.
the volume level before listening short, self-directed 13. 1f you are collecting data via media capture (video, audio, photos), have you included a
breaks at various points of the procedures. Since listening to audio and using clectronic section requesting consent for this procedure(s) in your consent form(s)? N/A.
devices is a frequent occurrence for most participants, it s likely that they will be familiar IA.Ily-rmﬂmdnmu.-.bylmNmm(um-ml
with their comfort level during such tasks and be able to make informed decisions sbout forms), hy this and how verbal consent will be
participation and breaks. obtained and stored. N/A.
b, Benefis: This study offers no direet benefis o partcipants. They may receive indirect 15. What procedures willyou us 1o ensure that the nformation your participants provide will
It of that they scientific remain Improper access or ipan
inquiry and the completion of a Senior Project. All participants will receive compensation for il b .ps are being taken 1o ensure
their time, according to applicable minimum hourly wages at the time of their participation: the ing of any the Inquisit Web
atform (: ad data from experi 1l not be. 3%

their identifying information (for in-person participants, the name on their consent form; for
MTurk participants, any information associated with their MTurk account) afier the conclusion of
data collection, All information provided through the Inquisit Web platform will be temporarily
stored on their servers in Oregon, USA. Their security statement is accessible here. While it is
stored there, -uwmummmpmmaunmmm
'\nwuspuhwa-;m: code, user manual, and demo: ""1““" M

Kosnlonilibory password-pi mputer 1o whi y the pri

? View the List Learning Task’s code. -«n-—l.-“an
s

ol
'\ﬁme&hT«lafSpnll&b-lu-dTr-lhmh-lmk,—nw.udm-

wlﬂlm Potentially
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personal information collected (¢.g., responses to the screening questionnaire) will only be used
for further and not connected to their scores in the main

experiment, and all data (including and other and task

will be reported in aggregae

Willit be necessary o use deception with your participants at any time during this

research? Withholding details about the specifics of one's hypothesis does not constitute

deception, this is called incomplete disclosure. Deception involves purposefully misleading

participants about the nature of the research question or about the nature of the task they

will be completing. No.

If your project study includes deception, please describe here the process you will use, why

the deception is necessary, and a full description of your debriefing procedures. NA.

For all projects, please include your debricfing statement. (This is information you provide

10 the participant at the end of your study to explain your research question more fully than

you may have been able o do at the beginning of the study.) All studies must include 3

debriefing statement. Be sure to give participants the opportunity 1o ask any additional

questions they may have about the study. See Appendix C. for the debriefing statements.

1f you will be conducting interviews in a language other than English, will you conduct all of

the interviews yourself, or will you have the assistance of a translator? If you will be using

the assistance of a translator, that individual must also certify that he or she is familiar with

the human subject protocol and has completed the online training course. N'A

20. If your recruitment materials or consent forms will be presented in languages other than

English, please translate these documents and email copies to IRB@bard.cdu. N/A

s

=

e

Entry C4. IRB Approval, January 12, 2021.

lg;ll(] (‘()”Cg(\ [nstitutional Review Board

Date: January 12, 2021

To: Hadley Parum

Cc: Justin Hulbert, Deborah Treadway, Brandt Burgess
From: Tom Hutcheon, IRB Chair

Re: Proposed Amendments to 2020NOV15-PAR

DECISION: APPROVED
Dear Hadley,

The Bard Institutional Review Board has reviewed and approved the amendments you
submitted to your protocol on January 3, 2021. Your case number remains 2020NOV15-PAR.

Please notify the IRB if your methodology changes or unexpected events arise.

This sounds like a really interesting project and we wish you the best of luck with your research!

Tom Hutcheon
IRB Chair
thutcheo@bard.edu



Running Head: Pitch Interval as Context (2020NOV15-PAR, Amendment 2)

Dear Members of the IRB,

Attached you will find an amended version of the IRB protocol 2020NOV15-PAR (“Varying
Pitch Interval as Cued Musical Context Demonstrates the Perceptual Similarity of Polyrhythms™). The
changes 1o the protocol itself are highlighted in yellow so for case of reading. They consist of (a) an

updated date and title in Section 1, (b) a small adjustment in Section 2,
question 8, and (¢) i i in Section 2, question 9 and
cwmw\dmmmmndmn-mnk

through the first amendment featured an

The IRB protocol

-dependent memory,
immediate test of recall, and later a delayed test of recall. This method has participants intentionally study
mauauuur-mraummmntmuunyummmmcm
In a meta-analysis of context-dependent memory
mlu.Smll'htndWh(ml)mweﬁmmfwmunwmcﬁ«um
significantly greater in studics with non-associative, rather than associative processing.

However, only onc published study has tested music-dependent memory using intentionally
learned words, and its final test of recall was delivered afier a 48-hour delay (Smith, 1985). My study
lmndxwewlq-rmllm-na-aghymn«lh\ Work.

o for ‘memory effect for I learned words when
u-ﬂd in this short Ilmchnle. mm Is.ﬂ- et al. (2008) lnl‘lﬂd finding a null :ﬂ'm in this case. However,
the authors did ignif context ‘words.

when the leamnis isted of parti ing words for their pleasurc on a
likert-type scale. This is consistent with many other recent studics in music-dependent memory, which
utilize incidental Icarning, short delays between lcaming and test, and have produced significant effects of

musical, genre, and 1., 1992; Balch & Lewis, 1996; Isarida et al., 2017;
Mead & Ball, 2007).

In order f more recent work in music-dependent
m-d:mﬂvy-p-tﬁpnmwhdn’me.budyulmmhmhnwmw&wm

jally affect recall, | have IRB protocol 10 also allow for the learning phasc in my

study to cither ask participants to "study the list [of 20 words] for immediate tests of recall, or will be
asked 10 rat the pleasaniness of words on ascale of 1-5, where § indicates a very pleasant word"” (p. 6).

since “words will (p. 6), the rating task will take fewer
with each word for o § seconds and a | second gap
mm;\mry the distraction task will no longer last for 10 minutes, but “afier practice,
will last 200 seconds™ (p. 6). This way, the word rating and tasks will last for
the same amount of time; ndthnmlly .memmummmmnnmmm
30 second-$ minute range per
Thne:h-wuwuldmlymly:l-‘nh: i by particiy the

study, The overall task length does decrease with a shorter distraction task, such that participants will be
compensated $2.50 for a 18-20 minute task, rather than $3.02 for an approximately 25-minute task (p. 8,
11, 15-16). Thus, compensation still remains slightly above the U.S. Federal minimum wage, as it stands.
currently. Additionally, the overall time in which paticipants need 1o be engaged in the task and exposed
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Section 1
1. Today's date: March 8, 2021
2. Name: Hadley Parum

. Email: bpd041 Ghand ol

w

4. Your Academic

5. staff, grad student): d
Senior |

6. Adviser or Faculty Sponsor (if applicable): Justin Hulbert

7. Myousrcagr has your Adviser or Faculty Sponsor seen
and approved your application? Yes

Your Adviser's or Faculty Sponsor’s email address (if applicable): (hulbertic bard cdy

9. Please list all individuals (full name and status, Le. faculty, staff, student) involved in this
project that will be working with human subjects. Note: Everyone listed must have
completed Human Subject Research Training within the past three years. Hadley Parum

10, Do you have external funding for this research? Yes.

1. 1f 50, state the name of the sponsor and the title of the project as it was submitted o that
sponsor. | received a Fall Undergraduate Rescarch Grant amounting $1,500 from the Psi Chi
Honor Society, as well as a Seniors-to-Seniors Grant from the Lifetime Leaming Institute
amounting o $750. Both were reccived in December 2020, and the title of this project as
submitted to both was “Varying Pitch Interval as Cued Musical Context Demonstrates the
Perceptual Similarity of Polyrhythms™

Section 2
1. What s the title of your project? The role of i i dependent

memory

2. When do you plan to begin this project? (Start date): December 1, 2020

3. Describe your research question(s): We know that pitch and rhythm interact to explain our
perception of music. However, it is not fully understood what aspects of these key features arc
most essential 1o the perceptual similarity of musical examples. To investigate this further, the
present atest of e ey of English words using  text of
delayed free recall. Partici ill learn words whi played at the pitch
interval of a perfict fifth, and will later be tested on the studicd words while hearing the
oyt at the same or a varied pich intrva (., the minor secood, major third, and major
ulﬁ).u‘ullht« it d. It i iciy will recall a higher

if the musical-audil is the same at test as it was during

lunm; Furthermore, | expect recall to be higher if participants heard a) pitch intervals in the
same octave level as that heard at learning, such that intervals arc closer rather than farther apart,
and if they heard b) an interval class consomant o the original interval or the ratio of the
polyrhythm. These findings aim o show that perceptual reltionships ke similrity depend on
certain f key features, like pr ly and g
of perception and music cognition.

. Describe the population(s) you plan to recruit and how you plan to recruit participants.
Please submit all recruitment material, emails and scripts to IRBG bardedu. Participants
will be recruited from a mix of sources, including the Bard community, additional online

-

Entry C5. IRB Amendment, submitted March 8, 2021.
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10 experimental sounds or white noise has decreased, which may diminish risks associated with electronic
exposure or sensory fatigue.
|hq:lt-mn:chmmlh:mdymymmnm:wmdnyﬁm-wpmdnwd and

am happy that doing o docs not bring novel As always, le if 1 can peovide
additional information.
Sincerely,
Hadlcy Parum
hpd031@bard cduy
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populations reached through social media, and through Amazon’s Mechanical Turk (M Turk).
Before they agree to participate, they will be determined to be above the age of 18, with English
asa dominant language, and without self-reported hearing impairments or perfect pitch: M Turk
participants will also be restricted to those currently residing in the United States. Additionally,
all participants will verify that the device used for the experiment has functional audio output and
the capacity 1o download the lnquisit Web 6 player,” which is compatible with most Windows,
Mac, 108, and Android devices. Al paricipants wil be informed tha the experiment will involve
istening to sedio snd begin th

Any paricipants recrulod through MTurk will be provided a description oftho ks parpose,
fength, and use of audio playback as well as the Inquisit Web player, and will be able to volunteer
heough Asazon's webche 10 pricipme i exchange for dacose moseeyconpensaon. Axy

participants recruited from the Bard ity may be
5 posiers i compus boctions o through social i, Addidonally, social media advertisemens
may reach participants from beyond the Bard including ith access

Facebook, Instagram, and/or Twitter.
. Will your participants Include individuals from vulnerable or protected populations (e.g.,
children, pregnant women, prisoners, or the cognitively impaired)? No.
6. Ifyour will includs from the ab wmu
you will use to recruit b
X A"muuym-.ymuuuummumummrrml
stimate: 852 unique paticipans. Pilot study: 72 paticipants; screener 7%0
i 559

>

-

. Describe the procedures you will be using to conduct your research. Include descriptions of
what tasks your participants will be asked to do, and about how much time will be expected
of each individual. NOTE: If you have supporting materials (printed surveys,

ete),

separately
10 IRB@ bard.cdu. Name your attachments with your last name and a brief description
(€2 "WatsonSurvey.doc).
a. Pilot Study
i Summary: A pilot study will be conducted to measure how potential musical stimuli
vary on extra-musical characteristics, in order to better inform the stimuli used during
the iment. Figure | provides & of the procedures for this
25-30 minute task... Participants recruited through the Bard Community or otherwise
reached through social media will be directed to respond to global exclusion criteria in
2 Qualtrics survey (see Appendix D), and those who qualify will then be directed to
mplmﬁwr-mh-km!helquwwbpl-m Participants recruited through
MTurk will i ""-lmﬂl i d
ix B). ....".... lete informed measure
(see Appendix B), followed by a short interval recognition task, described below. Then,
participants will repeat a short listening procedure twelve times. This listening
procedure consists of completing the lexical decision task, described below while

statement: biips

100
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hearing a gi on  Figure 1. the pilot
loop. and then in silence completing L gxical Decision Task

the musical feature ratings for the
given audio (sce Appendix D),
‘where they answer Likert-type
questions expressing dis agreement 1‘-#-

with statements such as “The sound e e shetara  Smutanwousy ey en 10
was familiar.” Following that

: 2 g 2 (ropoats 72%x ) 360s)
appeoximately 30 minute listening
procedure. they will completc short - Musical Feature Ratings
experience questionnaires (sec P o -
Appendix D) and then directed to — R ool
return to the Qualtrics survey (for AR DR D NSRS e &
non-MTurk partici tothe

MTurk page (for MTurk ey
participants) with a completion
code. There, they will be thanked, debriefed, and will eceive payment.

W Interval ition Task. In order to confi self-reports about hearing
o, perfctpich s pitch desfuess, and woking o equipment ey will omplee
inute) interval k. Six 1

covsliting of two wotes played in segumios st 150boen (br s five suoond mavicel
example), will be presented to participants. Aficr each one, they will be asked whether
the second note was higher or lower than the first. Then, they will be asked 1o guess
which interval name best fits the interval they heard between the two notes (¢.g., minor
second. perfoct fourth, or major sixth).

Wil Musical Stimuli. Created with Musescore, sounds will consist of $:4 polyrhythms.
playcd at a given pitch interval, ranging from a minor second o three octaves spart, for
36 total possible intervals included in the pilot cxperiment, Based on pilot experiment
results, 12 of these intervals will be included in the main experiment. See Appendix F
for examples of musical stimuli in music notation and for links to audio examples.

iv.  Lexical Decision Task. Participants will complete  task adapted from that which is
nblnlylv-lhblculmmsmumm in order to provide a

measure of attention while evaluating words. They will be asked 1o
um&euummdlmd‘mmumhum|m5n‘luhwm«n
nonword, responding with an “I" key for valid words and an “E" for nonwords. Each
word is prescnted briefly, for a period of 250ms, followed by  fixation cross in the
cenier of the screen until their response, which i followed by 700ms of bufer time in
windunrynu' is present. Inclu

of all words take i three

‘minutes.

* View the online list of publicly avaslsble tasks: Ly

Pitch Interval as Context (2020NOV I15-PAR, Amendment 2) 7

a

‘Web (2020). Participants will leam and be tested on the same 20 unrelated, neutrally
valenced English words for objects (¢.g., “elbow,” “applk”). During the leaming phase,
cither the list for immediate tests of recall, or will be

of words le of 1-5, where § indicates a very

pleasant word. Words will ice, in random order. -

s 4

e
bresieor distractor task, there is a test of delayed recall lasting two mintes, where
participants are asked 10 recall as many words as they can, in any order. Finally, to test
delayed recognition, 20 words will be presented and participants will usc key responses
1o report whether the word was in the studied list (“Y™) or not (“N™). Half of the final
20 words were on the original list of 20 woeds, and the other half are 10 unstudicd
words.

il Distractor Task. Part i isuospatial reasoning task, in
onder 0 provide a brcak between leaming and testthat oocupics atientional esources,
both to cngage participants and limit rehearsal. To this end, participants will complete a
task such as the Manikin Test* of Spatial awareness, in which participants must make
judgements about which hand of a figure holds the same shape a5 that which surrounds
ihe fgors, orthe Spasal Prosessing Tk’ in which partcipans must judge whethera

ersion of ly presented target histogram, or a
differently i i task, after practice,
will last 200 scconds.

9. Describe any risks and/or benefis your research may have for your participants.
Risks: All of this study i i risk for parti Dutlolhmlu!
nature of all tasks, there exists Il risk for dis fatigue duri delis

k4

For those involved in the pilot study and main experiment, the listening tasks may pose the
additional small risk of suditory discomfort. To alleviate these risks, participants will a) be.
told in advance about the occurrence and length of exposure to these stimuli, b) be able 1o set
the volume 10 a comfortable level before listening tasks, and ¢) be offered short, self-directed
breaks at various points of the procedures. Since listening to audio and using clestronic
devices is a frequent occurrence for most participants, it is likely that they will be familiar
with their comfort level during such tasks and be able to make informed decisions about
participation and breaks.
Benefits: This study offers no direct benefits 10 participants. They may receive indirect

ult of they have contributed towards scientific
inquiry and the completion of a Senior Project. All participants will receive compensation for
their time, according to applicable minimum hourly wages at the time of their participation:

'\ﬁwMMhTulofSpn-l&h-i--dTr-lhmhﬂwk,—nw.udm-

'V!uvllesoihlhwm-um: code it el nd dome:

bups:
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b, Screener Questionnaire

i Summary:A isa
procedure supported by the community of
researchers and MTurk workers in order fo
equitably determine cligible participants for
future rescarch, without disqualifying
MTurk workers who would otherwise
attempt to complete a study for which they
are incligible. Participants recruited through
MTurk who completc the informed consent

questionnaire (sce Appendix D) in the

Inquisit Web 6 platform. Following this,

they will be thanked, debricfed, and directed

1o retum to MTurk with a code 0 ensure

payment. The pn il take

approximately two minutes to complete.

. MlmElpamml

Summary: Participants on MTurk who

completed the Screening task and are

determined to qualify will be solicited

dmiynm.d\mm;cmuywm-d

invited to participate i

25-minute task. F-s-nzr-w-amv—l 10) ﬂﬂ)ﬂﬁ}ﬂﬁ)ﬂﬂl

overview of the d here.

Those who oin and complet the informed ST, e st v

consent agreement will then complete the

interval recognition task (described above,

under the pilot experi all will learn a list of twenty

words while listening to the same musical stimuli (the 5:4 polyrhythm at a

predetermined consonant interval, ¢.g. the perfect fifth). Participants will then listen 1o

‘white noise for the duration of a ten minute visual distractor task. Aflerwards,

participants will complete the final tests of the List Leaming Task while randomly

assigned 1o one of 13 conditions, in which they may hear o audio, or one of the 12

musical stimuli included in the main experiment. Flu.lly. participants will complete
Appendix D), and then will

kmamﬂ.wamﬂnmwmukwh-m»mm

it List Learning Task. In order free recall and
‘material, the Inquisit List Learming Task’ will be adapted for present use

Inqml 6

? View the List Learning Tusk's code. user manual, and demo:
bups downloal |

ihoary.

Pitch Interval as Context (2020NOV I5-PAR, Amendment 2)

i Participants recruited from the Bard Community or otherwise through social media
‘measures for the pilot study will receive $6.25 (for a 30-minute task and a New York
State minimum wage of $12.50'hour as of January 1, 2021).

il Participants recruited from MTurk for the pilot study will receive $3.75 (for a
30-minute task at the U.S. Federal minimum wage of §7.25/bour).

il Participants recruited from MTurk for the screening questionnaire will receive $0.24
(for & 2-minute task at the U.S. Federal minimum wage of §7.25/hour).

iv.  Panticipants recruited from MTurk for the main experiment will receive $2.50 (for a
20-minute task at the U.S. Federal minimum wage of $7.25/hour)

10. Deseribe how you plan to mitigate (if possible) any risks the participants may encounter.
Since listening to sudio and using clectronic devices is a frequent occurrence for most
portiipans, s likelytht they will b fmiliar it hee comfot evel drin such tsks. Since
listening to audio and deviees is a frequ participants, it is
Tikely that they will be familiar with their comfort level during such tasks. In order to further
defray any potential discomfort, participants will:

a. Betold in advance about the occurrence and length of exposure (o these visual and auditory
stimuli;
b, Beable to set the volu level during procedure, and
€. Beoffered short, self-dirocted breaks at various points of the procedures.
11. Describe the consent process (L., how you will explain the consent form and the consent

process to your Al participants will be pr with form
prior to the delivery of the task through Inquisit. mrmmmmmtmmmu
‘goals of the experiment, risks ils, as well as
the contact information for the primary investigator and the Bard Institutional Review Board.

12 Have & consent ailed it as an i adu?
Yes.

13. 1f you are collecting data via media capture (video, audio, photos), have you included a
section requesting consent for this procedure(s) in your consent form(s)? N/A.
14. If your project will require you to employ a verbal consent process (no written consent

forms), why this and how verbal consent will be
obtained and stored. N/A.
1. What procedures willyou us 1o ensure that the nformation your participants provide will
remain Improper access or ipan
Il be assured during the d debri steps arc being taken o ensure
the ing of any personal 8 the Inquisit Web
platform (; nd data from i tasks) will not b d 1o

their identifying information (for in-person participants, the name on their consent form; for

MTurk participants, any information associated with their MTurk account) after the conclusion of

data collection, All information provided through the Inquisit Web platform will be temporarily
stored on their servers in Oregon, USA. Their security statement is accessible hore. While it is
stored there, -nmumbkanMpmmahlmmm
Inquisit sccount. At
mwemhwﬂmlyikmwhm Potentially

Figure 2. Procedure for the adapted list leaming task in

101
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personal information collected (¢.g., responses to the screening questionnaire) will only be used
for further and not connected to their scores in the main

experiment, and all data (including and other and task

will be reported in aggregae

Willit be necessary o use deception with your participants at any time during this

research? Withholding details about the specifics of one's hypothesis does not constitute

deception, this is called incomplete disclosure. Deception involves purposefully misleading

participants about the nature of the research question or about the nature of the task they

will be completing. No.

If your project study includes deception, please describe here the process you will use, why

the deception is necessary, and a full description of your debriefing procedures. NA.

For all projects, please include your debricfing statement. (This is information you provide

10 the participant at the end of your study to explain your research question more fully than

you may have been able o do at the beginning of the study.) All studies must include 3

debriefing statement. Be sure to give participants the opportunity 1o ask any additional

questions they may have about the study. See Appendix C. for the debriefing statements.

1f you will be conducting interviews in a language other than English, will you conduct all of

the interviews yourself, or will you have the assistance of a translator? If you will be using

the assistance of a translator, that individual must also certify that he or she is familiar with

the human subject protocol and has completed the online training course. N'A

20. If your recruitment materials or consent forms will be presented in languages other than

English, please translate these documents and email copies to IRB@bard.cdu. N/A

s

=

e

Entry C6. IRB Approval, March 8, 2021.

lg;ll(] (‘()”Cg(\ Institutional Review Board

Date: March 8, 2021

To: Hadley Parum

Cc: Justin Hulbert, Deborah Treadway, Brandt Burgess
From: Tom Hutcheon, IRB Chair

Re: Proposed Amendments to 2020NOV15-PAR

DECISION: APPROVED
Dear Hadley,

The Bard Institutional Review Board has reviewed and approved the amendments you
submitted to your protocol on March 8, 2021. Your case number remains 2020NOV15-PAR.

Please notify the IRB if your methodology changes or unexpected events arise.

This sounds like a really interesting project and we wish you the best of luck with your research!

Tom Hutcheon
IRB Chair
thutcheo@bard.edu
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Appendix D. Preregistrations

Entry D1. Preregistration for Pilot I, submitted December 23, 2020.

Pilot Experiment [SUBMITTED 12/23/20) participant will hear notes that are two octaves and a major third apart, while another

1 Have any data

. Yes, we already collected the data,
b. No, no data have been collected for this study yet.
€ s complcated. We have aiready colected some data but explainin Question 8 why
readers may this a valid
2. Hypothesis. tested in y
Example: A th-k sun 4 op

a vmmnwmmnmmmmm-mwwngmmmda
polyriwthen affects inataskof
explicit subjective i ions of igati sitch intervl affects
these responses will allow us to select four interval classes that are roughly equivalent in
these respects, in order to include those particular sounds in a future study investigating

3. Dependent y depe they will be
measured. Example: Simple ge he first semester after the
intervention.

a. There will be eight dependent variables collected, and two computed dependent
variables to be used in analyses. For each 5:4 polyrhythm at its given pitch interval,

1d task (providi
and provi icit ratings about i a sound was
familiar, pleasurable, consonant, engaging, distracting, and happy). For each participant
ateach wputed for each of with respect
1o the participant’s overall mean on that variable.

b, The global measure of will be a root of the sum of

squares of) the z-scores for each of the eight variables discussed above.
€. The targeted measure of abnormality wilbe a root sum squared of a subset of the cight

measured A i alysi

features i redi f participant interval. Only
musical and LDT accuracy will be used to compute

this rss metric.

4. Conditions. ¥ Exomple 1: Two
conditions: Ollmnvsummmwm yes vs no. Example 2: ll:wmmnslnumfwﬂdﬂlgﬂbﬁ
study. of four conditions: g, g

y umrouu— Eoch porticipant wil th
test, o verbol test, and test (3 i
. The only factor determining conditons s the pitch ntervalat which paricpants hear
the 5:4 There are 3 intervals,
Intervals from a minor second art ar 12
intervals throughout i such that they hear

(.. @ major third, or a perfect fifth) at one of three possible octave levels (i.e., one

Example 3. i y
than 30 seconds.
a. Any incomplete responses, where participants terminated the program before
completing the task, will be excluded.

At the end of the pilot, participants will be asked whether they left audio playback

audible throughout the study. All participants who report turning audio off at any point

will not have their data included in analyses.

. Additionally, their data will be excluded based on responses to a short interval
recognition task, where they are asked to r eport the direction (whether the second note
thuanxMﬁwwmnhvlu ammrm«wum)dsh
intervals. If they of four or more of
their data will be excluded. mnam«mﬂmmwmmum
intervals, their data will be excluded.

L3

7. Sample Size. v pl No
need to justify the but be
Example: We will offer the program people it o until June
30, 2016 (whichever comes first).
a inue until 72 the task
uumlscbmans,ml.uhi:hcmwmrm
8. Other. pre-register? (e.g., secondary analyses, variables

mmm&wwmumﬂnmm«ﬂmntﬂ We will include o
wmqwmm/uwbmymmwweuwuﬂmmw/w
ploying, y. We vey with 2

achievement orientation. wewlmmmwm;o/mmmalymlmmpmjmomg
pre-registered. NOTE: l/mmrmmnmlmdwommmwmm:'

a dwil ion about parti ., and may use
mhﬁmulﬂwt(bﬂl‘mvnmdlﬂmlllmmtumh
musicians should they form a plurality of responses, in order to make selections most
mmmt.db(lwlh(l«m

b. For 1 will also be computing of the ratings of
extramusical features, in order to be aware of how familiar, consonant, etc. participants
were reporting the selected sounds to be.

9. Name. Give a title for this f the
project, followed by study description. Example: SUMMER PROGRAMS - GPA performance,
Chicago, July 2018

a. Varying Pitch Iintervals: Parum Senior Project Pilot
10. Finally. For record keeping purposes, please tell us the type of study you are pre-registering.
Class project or assignment
Experiment
Survey
Observational/archival study
Other:

pange

y ' will hear notes that are a major third apart).
5.

Analyses. you

Example.

tineor ing the simple average GPA in the
semester ofter the i ic ir participont was
oﬂtmmemmﬂmnwnﬂﬂntmmtolwnmu} We will also conduct the some
regression controlling for simple averoge GPA during the semester before the intervention,

gender, & (an 8-point from 1 = below above
$150,000).
a mmdnmwmdamzh«onummAbomlammm«m
the sound’s by the
of an rss metric. i i of four intervals
that meet the i rgeted measure of order
1o break ties on any criteria.
b. of four
I Included interval classes should not vary in their targeted abnormality according
to octave level.
ii. Elmnmpmmb‘movpenmmmmuwumwummlkm
pitch interval

1. Kallinterval classes or both the perfect fourth and fifth vary by octave
level, interval classes should be selected that vary similarly by octave
tevel (e.g.,if the perfect fifth has a higher rss score at higher octave
levels, no interval class should be selected that has  lower s score at
higher octave levels).

W N selected that are v of each
other (e.g. the major 50 they
would not both be included).

i, ideally, one of the three additional interval classes would have a “consonant™
relationship to either the 5/4 ratio of the polyrhyth or the 4/3 or 3/2 ratio
(whichever of the perfect fourth or fifth have been selected), and two would

“dissonant” he . 1t should not be
all three or all three

v Wpossible, two of the d

distance from either the perfect fourth or fifth, whichever s selected (e.g., 3
minor third and 2 major seventh are both four semitones away from the perfect
fifth, and would make for nice selections).

1. Ideally, the dyad that i i from this learning pl
consists of one consonant and one dissonant interval, per item iv.
Outliers and your
precise rule(s) for Exomple 1. We P and
i i 25 3
Example 2: We " at least 2 of our 3 attention
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Entry D2. Preregistration for Pilot 11, submitted February 26, 2021.

Pilot Two [submitted 2/26/2021] 4. Conditions. Example 1: Two
% data y already mdumollmmmwmm ¥es s no. Example 2 12 conditionsin @ mixed design lab
3. Yes, we already collected the data, . g,
b, No, no data have been collected for this study yet. nple
. We s ¥
aders valid rticipant )
2. Hypothesis. tested in y anniog all chromat
Exomple: A summer 0 hear 12
3. The previous study “Varying Pitch Intervals: Par Project Pilot” for e.. one

supporting the selection of the minor third, perfect fourth, minor seventh, and perfect
octave for a future experiment. However, the study also found irregularities in the

nuus of distraction for with raw ind 2-scored
eaching dueto in Example. Lineo i ~‘-,-‘ roge GPA in the
responses. Accordingly, the present study wil test whether refined musical stimuli, with semester ofter vith
2 more naturalistic timbre, is able to counteract the levels of distraction and Mmmmammwm{hm m:mamws) W williso conduct the same
support four interval regression controlling for simple average GPA during the semester before the intervention,
mmindwmamnmmml gender, & {an 8-poin 1= below d 8 = above
This study Is being conducted In order to evaluate how changing thy nte $150,000).
fects participants p Z & of seman . Because the previous iteration of this study opted to ic tests in
vs of e mwmmammnmmummummmnmwwu
¢ Xal-Walli ith Dunn’s tests used for post hoc
o wnmmmwmmdﬁmmmm
4 ne b. vumammww
3. Y depet {s) Y Whether classes vary in overall rding to octave level;
first semester after the IL Whether in general, overall according i cl

octave level;
fil.  Whether the normalized rating:

3 igh
mubhlwhmhlm Fo’mhslmnmnludmmhmﬁd

ical decision task (providi time)

interval class or octave level.
€ The procedure for selecting sounds will be similar 1o the previous study, with the

and provide explicit ratings about six extramusical features (whether a sound was following criteria:
familiar, pleasurable, consonant, engaging, distracting, and happy). For each participant 3 o should not vary in overall rding to
at each pitch interval, a 2-score will be computed for each of these variables with respect octave level;
to the participant’s overall mean on that variable. i, Either the perfect fourth or perfect fifth should be included;
b. The global measure of will be a root of the sum of . h other in
‘squares of) the z-scores for each of the eight variables discussed above. 3
c The targ of be a root d of a subset of the eight . hould be musical i each other (e.g.,
viow found ngs, in the major second and minor y
addition to reaction time and accuracy, were not normally distributed, | will not attempt both be included);
wukmammeolmmmmlmhmﬂhmmledmlre(mw V. Ideally, induded interval classes include a balance of consonant and dissonant
determine re in accuracy). intervals;
vi.  Ideally, induded interval classes include a balance of distances between the the volume of audio, aspects of 8. o the | heard prior
intervals. 10 the rated interval.
6. defined and your 9. Name. Give a title for f the
mm«ukwmsmm We will compute the overall mean and project, Y ion. Example: PA
i 25 Chicago, July 2018
it mh{wrsamnnon 2. Varying Pitch Intervals: Parum Senior Project Pilot It
y 10. Finally. For record keeping purposes, please tell us the type of study you are pre-registering.
. Class project o assignment
am befor b. Experiment
€ Survey
idio playback d. Observational/archival study

wudio off at any point

ort Int

majot sixth) of six

7. Sample nple No
Justify
Example: offe 09" people ogr icipate in it or until June
30, 2016 (whichever comes first).
a D ! il 45 recorded.
8. Other. register? (e.g., secondary analyses, variables

collected for exploratory purposes, unusual analyses planned?) Example: We will include o
mdmbmhmmwmmhkww/mm,mrqm
Pplaying, and family
achievement orientation. Mwmmmm;olmwm#mhwwmm
mmmmmqmmmmamwmdmwmmwl
2. With regards to the answer i
collected: mmodvkhrswnntnmewmmwt'w'ummmm Parum
Senior Project Pilot"), and | do intend to compare results of both studies in order to see
whether the timbre of musical stimuli used (a) has an effect on raw scores of musical
features, especially distraction, and (b) sounds. ina future
experiment. Question (a) will be analyzed using regression analyses, and (b) will be
analyzed by performing the main analyses described in question 5. To that end, data has
already been collected and analyzed for the previous study, which is the same in all
aspects of procedure except for the timbre of the musical stimuli. No data has been
collected yet using the updated musical stimuli.
a. | also hope to perform exploratory analyses on both sets of data using regression
analyses, in order to see whether ratings of musical features are predictable by altering
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[the first 1), more
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(., those with perfect fifth at
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d. Finally, | that explicit whether heard the same
sound at both i partially is effect, such
that whether a parti icitly reported the same is likely to better

explain the effect octave level than interval class.

files, including a silent file and loops of a 5:4 polyrhythm at 12 different pitch intervals.

Condition information for each participant is randomly generated by Inquisit, without

quotas from the experimenter. (This was chosen over having test sound condition be

according to the participant's group number. Group numbers are generated when a

potential participant loads the study’s launch page in their browser. Previous piloting

mmﬁwmuduw«tm«wmhmm bdmmnmuhe
ed these

task. So,
drop-out rates.)
Sampling Plan
1. Existing Data. ke cle ber
tests, specified prior to seeing the data, mawmmmmmm-rmmu-
data. Therefore, lan in which

challenges. Please select the description that best describes your situation, See
https://cos.jo/prereg for more information.
a. Registration prior to creation of data
b, toany of the data
. Registration prior to accessing the data
d. Registration prior to analysis of the data
(3 mmhmmdmua
2 data. if you g that already n
this study, please describe the steps you have taken to assure that you are unaware of any
patterns or summary statistics in the data. This may include an explanation of how access to the
data has been imited, wh the data, or how voided obs
analysis of the specific data you will use in your study.

a. N/a
Mtamwmxmmamhmmubymmuummmnnd
your inclusion fyou subjects, this
population 2 effo for how

for eligibility from the initial pool, and your study . For studies
that don't include human subjects, include information about how you will collect samples,
duration of data gathering efforts, source or location of samples, or batch numbers you will use.
You may attach up to 5 file(s) to this question.
. All participants will be solicited from Amazon’s Mechanical Turk (MTurk) platform,
sdmiuﬁmwmhnlocmdmlmusmnnlommmlmhrm
HITs. in order (a) has not any
form of hearing loss, (b) does not consider themselves to have either of perfect pitch or
tone deafess, (c) considers English a primary language, and (d) is willing and able to
perform tasks in the downloadable Inquisit 6 Web platform, a separate screening HIT will
be run on MTurk. The HIT will ask IRB-approved questions concerning eligibility for

w

ubjects

Design Plan

1. Study Type. Please check one of the following statements.

a A subjects, this includes
field or lal Thisis
includes randomized controlled trials.

b. . ¥ are not randomly
assigned to a treatment. This i s, ! 2 i
discontinuity designs.

. Meta-Analysis - A systematic review of published studies.

d. Other

2. Blinding. Blinding describes who is aware of the experimental manipulations within a study.
Mark all that apply.

3. No blinding is involved in this study.

b. For
‘which they have been assigned.

3 thy human or hy
M]wlmumdmmmnmumwm“w-

d. hmmﬂmmﬂymmmmﬂskdmmeumnmawamdmunm
applied to any given group.

s there any additional blinding in this study?

a. No.
Study design. Describe your study design. The key is to be as detailed as is necessary given the
specific parameters of the design. There may be some overlap between this question and the
following questions. That is OK, as long as sufficient detail is given in one of the areas to provide
all of the requested information. Examples include two-group, factorial, randomized block, and
repeated measures. Is it a between (uwdnd), within-subject (paired), or mixed design?

w

»

Describe w T tion,
a. Thereisa be ubjects far d pmkmmuberandam
mumdwhnrmnlmmmﬂnnﬂnmmmnmmmnxhnm
hear heara 5:4 atone of 12 pitch i ow
ey vary ol th, major sixth,
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5. I you are doing 3 ndomize, and at what
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" the study, the
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future reum-omanmm and participants deemed eligible will be
HIT MTurk 105 collcted through

Ul ng HIT and
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participate in i and provide a valid receive

$2.50USD for a 15-20 minute task.
4. Sample size. Describe the sample size of your study. How many units will be analyzed in the
nmrmmumemwdm birds, classrooms, plots, or countries included. If the

units g for each unit. If you are using a
design, ch level of the
analysis. mnmmumm«nmdmpmu-mummm,um
a the screening HIT to 780 uniqy i and aim to retain
absolutely no fewer than 390 and no more than 559 participants through the
o wil weeks of inviting el i the
fewer than be solicited
through the screening HIT until at least 390 participants have completed the
experimental HIT.

5. Sample size rationale. This could include a power analysis or an arbitrary constraint such as time,
woney, or personnel.

a of i and imum of 559
mmummapmwmmammmsm-mwuuwmnm
for 1 can afford
of their T, after rounding

10 the nearest multiple of 13, A priorl power analyses were conducted in G*Power for
the two ANOVA tests and the regression test described in the analysis plan. For all three,
 Bonferroni correction adjusted the alpha to 0.05/3 = 0.01666. The test with the fargest
sample size required to achieve a power level of 8 was the 4x3 factorial ANOVA,
‘powering the factor of 4levels) ing an effect size of
20. l«ws.lvmwmuummvmmnuh 50, 386.75 people
in order t power this
ANOVA. This was rounded tothe nearest higher multiple of 13, setting 390 as the
minimum number of be included in this
6. Stopping rule. If your data collection procedures do not give you full control over your exact
sample size, specify how you will decide when to terminate your data collection. If you are using
sequential analysis, include your pre-specified thresholds.
a will top either when
HIT 2 i for payment, monrn




Variables
1. Manipulated variables. Precisely define all variables you plan to manipulate and the levels or
treatment . Thisis not ., v. You may
ottach up to 5 file(s) to this question.
* Thaony during the

delayed test of recall. They will either hear no sound, or hear a 5:4 polyrhythm at one of
12 pitch intervals. Additionally, these 12 pitch intervals will be classified according to

their octave level and interval class.
2. ; y iable that
as well as any covariates. y plos
fite(s) to this question.
2 Th of interest memory of learned words at the delayed
test of recall, This i divided

by the total number of words. Correct recall is dependent on correct spelling, and
exploratory analyses may address this.

After the completion of v of recall, will be

they believed the sound they heard at the test was the same as that heard during the
learning phase, serving as a measure of explicit recognition.

o

3 measured in order to serve of the population and as
potential covariates include:
1 including 3 identity, and
race/ethnicity.

ii.  Musical experience information, including whether and for how long a
participant had musical training, whether and how frequently they play an
mmwwmdmmmﬂalm

d. d and excl measures include:

I. Validation questions about whether participants altered audio playback, how

MW“&WWM!M“MMQMWMWMU&M
mmm the task.

[ task, wh hear two notes
played sequentially and then simuitaneously, and must judge whether the
second note was higher or lower than the first (direction) and answer what
formal interval name defined the pair (quality).

. i task, which serves as 3
mmnuﬂmmuuww
3. Indices. If applicable, ple: into evena
mean) and what measures. .  formula or of the
method. If you are usir to combine leg s

factor analysis), mammumnmnmnhmmmnhumhmwmmm
You may ottach up to § file(s) to this question.

3. Inference criteria. What criteria will you inferences?
you'll use (e.g. specify the p-values, Bayes factors, specific model fit indices), as well as cut-off
criterion, where appropriate. Mﬂmhmnuumummhnﬁnlmmﬁiﬂi

L iple will unt for
this?
a study will g P 05
being considered significant.
a4 How will o samples if any from your
analyses? How will outliers be handled? Will you use any awareness check?
a lysis HIT if any of the
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the program or another
ii. M their responses ...nm

with inattention and/or tone deafness and/or perfect pitch, such that:
1. They fail to correctly identify the direction of more than three of the six

Intervals; or if
2 Y nan name of
i, If their responses to the validation questions presented at the end of the study
are such that;
1. They
2. They

3 memmdtmmﬂanmdmm
. If their responses
In line with inattention, such that
1. They complete all 680 trials before the 240 second timeout; o
2. There was at least one period where they took longer than 30 seconds

o make a judgement.
5. How will you
a. Responses will not alys did v h
task, nq rel to analyses force

response.
6. Exploratory analysis. If you plan to explore your data to look for unspecified differences or
relationships, you may include those plans here. If you list an exploratory test here, you are not

obligat But if you port it y igat asan
exploratory result.
a of toinclude in order to
ensure that this doesn't significantly aiter results.
b. Since pils s abou etc. of the
ds tudy, and ked words for
exploratory tended

igat
was similar to that of

a N/
Analysis Plan
1 ‘What Ypo! Please include the
type of model (e.g. ANOVA, RMANOVA, wwcm, multiple regression, SEM, etc) and the
f the model. This includes , all
subgroup analyses, pairwise or and from "
Pl any positive or ¥ Y
/mention that here. that the sa y:
mhmlmmmnmﬁumnmmhulmu-mwmmm
that you *por f all tests. y P

105 file(s) to this question.
a. First, testing whether the proportion of words recalled is higher for those who at test

hear and pitch interval (compared to those who
he ) YA of words recalled
at groups: i who heard a
different pitch interval, and those who heard no sound.

b. Second, g
features of pitch i 23 of

words recalled at final test with octave level (1, 2, or 3) and interval class (major second,
perfect fifth, major sixth, and perfect octave) as the relevant factors; this analysis will
exclude participants who heard no sound at test.
c of regression analyses will be

of words recalled . Differences in ", will
be computed between Model 1-2 and Model 2-3.
i. Model one (Pitch Interval): Interval Class, Octave Level, and their interaction if it

is significant in the factorial ANOVA.

ii.  Model two (Pitch Interval and Musical Experience): Model one predictors and

currently playing music (yes/no).

. (Pitch Interval and and
whether volume at any sk
(yes/no) and how the task
(headphones/speakers/other).
d. Mediation analyses will of explicit of
the test sound ‘words.
2 W you pk centering, ), OF requiring a coding

scheme for categorical variables, please describe that process.
a NA

Other

1f there is any additional information that you feel needs to be included in your preregistration, please
enter it here. disclosures of any as replications or work that uses the
same data, or other helpful context would be appropriate here.
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