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Abstract

Hua, Henry You-Chee. Ph.D. The University of Memphis. December 2015. Effects
of Spaced Practice on Learning Musical Intervals. Major Professor: Philip Pavlik Jr,
Ph.D.

This study assessed the effects of spaced practice on the ability to identify a musical
interval by name. A total of 187 individuals completed a pretest and then practiced
identifying six musical intervals, with two musical intervals each randomly assigned to
narrow, medium, and wide spacing for each individual. During this practice, the musical
intervals were presented at two tone levels and were played as either harmonies or
melodies. Participants were randomly assigned to return for a posttest 2 min, 1 day, or 7
days later. All individuals received a posttest of the same six musical intervals from
practice at the same tone levels as practice and at a transfer tone level; additionally, the
posttest contained both harmonic and melodic trials. Spaced practice was found to have
increasingly-pronounced positive effects as musical intervals increased in size. This
pattern was present for all tone levels and performance on melodic and harmonic posttest
trials. This pattern was more pronounced on the practice tone levels than on the transfer
tone level, and more pronounced on harmonic posttest trials than on the melodic posttest
trials. Mean posttest scores were comparable between the harmonic and melodic practice
groups. However, whereas the harmonic practice group had lower scores on the melodic
trials, i.e., trials at a transfer sound type, the melodic group showed comparable
performance on both harmonic and melodic trials. There was not persuasive evidence that
the length of the gap separating practice and posttest had an influence on overall
performance or on the relative impact of the three levels of spacing. These results were
reevaluated for external validity across age, sex, and strategy use, and were found to be

broadly applicable.
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Chapter 1
Introduction

One goal of cognitive psychology is to identify factors that influence learning and, if
possible, capitalize on that knowledge for practical applications. Among many salient
factors, the schedule regimen with which a person practices a task has consistently been
shown to influence the acquisition of knowledge and skills (see reviews by Cepeda,
Pashler, Vul, Wixted, & Rohrer, 2006; Donovan & Radosevich, 1999; Lee & Genovese,
1988). The length of the gap between two instances of practicing a given task or item of
information is known as the degree of the spacing of an individual’s practice (e.g.,
Carpenter, Cepeda, Rohrer, Kang, & Pashler, 2012). When varying the levels of spaced
practice has an impact on learning, the literature frequently refers to it as the spacing
effect (e.g., Carpenter et al., 2012; Cepeda et al., 2006; Cepeda, Vul, Rohrer, Wixted, &
Pashler, 2008; Lu, Weiden, & Yuille, 2009; Verkoeijen, Rikers, & Schmidt, 2005), the
effect of distributed practice (e.g., Mackay, Morgan, Datta, Chang, & Darzi, 2002), the
lag effect (e.g., Hintzman, 1974; Pyc & Rawson, 2012), or the effect of spaced
presentations (e.g., Dempster, 1987).

Research has consistently found that longer gaps between practices—in other words,
wider levels of spacing—result in more long-term gains in learning (Cepeda et al., 2006;
Pavlik & Anderson, 2005) but with diminishing returns as spacing becomes wider and
wider (Carpenter et al., 2012; Pavlik & Anderson, 2005). Although the effects of spaced
practice have repeatedly been demonstrated, there is ongoing debate about the
mechanisms by which spacing facilitates learning gain (e.g., Bjork & Bjork, 1992; Taylor
& Rohrer, 2010; Zulkiply & Burt, 2013).

Theories on Spaced Practice
Older theories to describe the cognitive processes behind regimented practice

schedules focused on encoding variability as the key explanatory element (e.g., Estes,



1955; Glenberg, 1979; Raaijmakers, 2003). Theories of encoding variability state that the
process of storing information into memory, known as encoding, is an incomplete process
where there is variability in what is encoded with each repetition. One version of the
theory of encoding variability, contextual fluctuation, states that aspects of the
environment in which the learning occurred are a main component of that variable
encoding (e.g., Estes, 1955; Martin, 1972).

In the encoding variability explanation for spacing effects, a dependable source of
variance during encoding is the time the learning occurred. It is theorized that distributing
the encoding across time allows more diverse elements or contexts to be encoded during
learning; because of the passage of time, the information is perceived somewhat
differently with each presentation, even if presentations are identical. Then, according to
the theory, as individuals accumulate practice in different contexts, temporal or
otherwise, they are able to generalize the acquired information to novel examples or
contexts more easily. The encoding variability theory suggests that longer gaps between
practices result in greater differences in the elements or context encoded, and thus wider
spacing gaps should produce more robust gain in learning.

More-recent theories on the spacing effect are the theory of deficient processing and
the theory of interleaving. The cognitive processes in the deficient processing theory are
outlined in a seminal work by Bjork and Bjork (1992) in which they point out some
strengths in the encoding variability theory while criticizing some of its weaknesses.
Bjork and Bjork (1992) described two types of memory strengths, storage strength and
retrieval strength, which correspond with similar constructs that encoding variability
theory refers to as habit strength and response strength (e.g., Estes, 1955). Storage
strength is the degree to which a skill or piece of information is learned, and retrieval
strength is the ease with which a skill or piece of information can be drawn from long-

term memory and into current use. In a point of criticism of encoding variability theory,



Bjork and Bjork (1992) proposed a “theory of disuse” (p. 35) to explain the relationship
between spaced practice and retrieval strength.

In this theory of disuse, newly learned knowledge and skills are susceptible to
forgetting if these items are not used, but the act of retrieving an item—either a piece of
information or a skill—into current access can add to the retrieval strength for that item
(Bjork & Bjork, 1992). In the theory, as an item becomes increasingly forgotten, the
forgetting process renews the novelty of practicing that item again, and, as more is
forgotten, more effort is required to retrieve the item from memory compared to a
repetition while the memory is relatively fresh; the renewed novelty and the increased
effort result in stronger augmentations to retrieval strength. However, Bjork and Bjork’s
(1992) theory also states that there is a point at which enough forgetting can occur so that
another repetition of a given item is comparable in difficulty to learning it for the first
time, and the augmentation to retrieval strength is negligible at this point. Therefore,
retrieval strength is maximally augmented when an item is practiced when much
forgetting has occurred, just prior to the point that the learning is lost and must be
relearned anew (Anderson & Schooler, 1991; Pavlik & Anderson, 2005).

According to the deficient processing theory, wider levels of spacing are more
durable because the instances of practice are separated by greater lengths of time, and
therefore each practice provides a more novel addition to the memory strength of a given
item (Bjork & Bjork, 1992). Narrower levels of spaced practice, also known as massed
practice, are theorized to be less durable because the reduced time between repetitions
allows less forgetting compared to a wider level of spacing (Pavlik & Anderson, 2005)
and, consequently, much of the encoding is redundant with each repetition of massed
practice. Evidence has shown that increasingly wide levels of spacing provide additional
increases to performance but at diminishing returns, and that overly wide spacing allows

too much forgetting between practices and thus yields poorer performance at posttest



compared to an optimal level (Verkoeijen et al., 2005; see also the review by Carpenter et
al., 2012). Therefore, an ideal spacing gap should be long enough for there to be a sizable
amount of forgetting but only up to a certain point.

The theory of interleaving is another explanation for the influence of distributed
practice (Goldstone, 1996; Rau, Aleven, & Rummel, 2013; Rohrer & Taylor, 2007;
Zulkiply & Burt, 2013; Zulkiply, McLean, Burt, & Bath, 2012). Interleaving is defined as
alternating between practice for a specific problem type with a different problem type in
the same domain. Within the presentations of one problem type, exemplars can be either
spaced or massed. When the same problem type is repeatedly presented without
alternation, this is known as blocking. According to interleaving theorists, learning is
enhanced when instances of practicing the same problem type are separated by instances
of practicing a different problem type because individuals will have more opportunities to
distinguish between problem types and therefore learn the difference between categories
of tasks. For example, Taylor and Rohrer (2010) presented participants with four tasks,
which were to identify the number of faces, corners, edges, or angles of prism shapes.
The overall topic was the same—identifying various properties of a prism—but the four
types of problems targeted different aspects of the topic. All posttest items in Taylor and
Rohrer (2010) were transfer items in the sense that the exact problems from practice did
not reappear on the posttest, and thus the posttest required applications of the four skills
on novel stimuli. The participants who received interleaved practice on the four tasks had
higher posttest performance compared to participants who received blocked practice,
which is a typical result for studies on interleaving.

The debate between the theories of encoding variability, deficient processing, and
interleaving continues. In addition to debate as to which theory provides explanations that
are more valid, the actual definitions do not appear to be consistent in the literature,

which further obfuscates the debate. However, regardless of the name of the theory



attributed to any given report, what is clear is that instances of practice can be distributed
in a variety of ways, which will be referred to as spacing throughout this report. The
literature has many examples in which wider levels of spacing have a positive impact on
a variety of learning-related tasks. And, it is clear that wider spacing is more effective
than narrower spacing for durable learning, but the spacing gap must not be so wide as to
exceed the threshold of forgetting the skill or knowledge (e.g., Bjork & Bjork, 1992).
Spaced Practice Paradigms

Our understanding of the spacing effect comes from studies in which there are at
least two practice opportunities separated by a time gap (e.g., Verkoeijen et al., 2005), a
distractor task (e.g., Birnbaum, Kornell, Bjork, & Bjork, 2013), or solvable problems in
the same domain that require different but related skills (e.g., Rohrer & Taylor, 2007;
Taylor & Rohrer, 2010); in all of these paradigms, the regimen of spacing was
manipulated. Such studies manipulate the relative magnitude of spacing between each
instance of practice and then assess how much learning is retained at posttest (e.g.,
Bahrick, 1979; Carpenter et al., 2012). The timing of the posttest is often manipulated so
that there are observations at various time points, known as retention intervals, after the
practice session so that rates of forgetting can be assessed both overall and for items at
each level of spaced practice. Assessments of performance at various retention intervals
have shown that wider spacing during practice reliably produces longer-lasting retention
compared to massed practice (e.g., Bahrick, 1979; Bahrick, Bahrick, Bahrick, & Bahrick,
1993; Pavlik & Anderson, 2005; Peterson, Wampler, Kirkpatrick, & Saltzman, 1963; also
see the review by Carpenter et al., 2012 and a meta-analysis by Cepeda et al., 2006).

The positive impact of spaced practice when compared to massed practice has been
well documented for the learning of information expressed in words, commonly known
as declarative or verbal information (see reviews by Cepeda et al., 2006; Donovan &

Radosevich, 1999). As an example, one study tested the effect of spaced practice on



learning the English translation of Japanese words (Pavlik & Anderson, 2005). Pavlik and
Anderson (2005) found that the widest of their three levels of spacing resulted in the
highest posttest performance, that overall performance was better for participants who
received the posttest at the one-day retention interval compared to those tested after a
seven-day retention interval, and also that the relative effect of spacing was larger at the
longer retention interval. This is a very representative result for the majority of research
on the spacing effect on a verbal task.
Perceptual-Conceptual Tasks

Comparatively, there is less research on the effect of spaced practice on categorizing
groups of perceptual stimuli presented in a way that does not involve words, which will
be referred to herein as perceptual-conceptual tasks, a label created for this report to refer
research paradigms in which participants learn “to correctly categorize perceptual inputs
into classes” (Goldstone, 1996, p. 608). In a perceptual-conceptual task, nonverbal
stimuli such as images or sounds are presented to participants during practice. The task is
to identify the correct category for each of the stimuli, either by writing an answer or
selecting an answer from multiple choices. In traditional categorization paradigms, words
are grouped into semantic categories even though certain exemplars within a category
may differ in ways that nevertheless do not compromise membership in a category (e.g.,
Rosch, 1975; Rosch, Simpson, & Miller, 1976). Much in the same way, a perceptual-
conceptual task requires individuals to infer a consistent set of features or concepts in
nonverbal, perceptual stimuli in which exemplars within a category may differ in some
way. Upon posttest, participants are tasked with categorizing novel exemplars or a
combination of novel exemplars and exemplars from practice.

One perceptual-conceptual task in which spaced practice is helpful is the
categorization of visual stimuli. For example, one study asked participants to categorize

various pictures of birds and butterflies into the correct species (Birnbaum et al., 2013).



Other studies have found that spaced practice at identifying the artist who painted an
artwork can result in successful recognition of those artists’ styles on paintings that were
not present during practice (Kang & Pashler, 2012; Kornell & Bjork, 2008; Zulkiply &
Burt, 2013). Research has also demonstrated that spaced practice is more effective than
massed practice when categorizing auditory stimuli, such as the sound of a specific
person’s voice (Yarmey & Matthys, 1992) or whether a sound is one of two different
musical intervals (Pavlik, Hua, Williams, & Bidelman, 2013).

One newly explored topic is the recognition of musical stimuli. A recent spacing
study asked participants to practice identifying musical intervals (Pavlik et al., 2013),
which are the names given to the sounds produced when two musical tones are played.
Musical intervals within a musical scale are defined by the distance between two tones;
this value, known as pitch distance (e.g., Cohen Kadosh, Brodsky, Levin, & Henik,
2008), is infinitely-divisible and thus has an infinite number of possible values. The
western musical scalel, used in European and American music, uses 12 of the infinite
possible tones within a musical scale, and the distance between two nearest tones is
called a half-step. Because the pitch distance between any two musical tones in western
music can be expressed in half-steps, every pair of tones played simultaneously or
consecutively can be categorized into a musical interval. To illustrate, the “octave” is the
name given to the sound produced when two musical tones are separated by exactly 12
half-steps, regardless of which of the two tones plays first and regardless of where each
tone is located on a western musical scale.

Participants in Pavlik et al. (2013) were presented with two distinct musical

intervals, the octave and tritone. Each of the two musical intervals had four discrete

'The tones within a musical scale vary among different cultures. For example, a
Chinese musical scale uses five tones from the infinite possible tones within a musical
scale (e.g., Wu, Li, & Yao, 2013); as an analogy, this would be akin to splitting a rainbow
into five colors. All discussion on musical intervals in this report refers to the western
musical scale.



exemplars, with one exemplar for each of four tone levels. In Pavlik et al. (2013), all the
sounds during practice and posttest were harmonic musical intervals, which means both
tones of the musical interval were played simultaneously.

The study (Pavlik et al., 2013) had a fully-factorial 2 x 2 between-subjects design.
One factor was the progression of the four blocks of practice. Some participants were
randomly assigned to practice in a progressive order in which the first block presented
sounds from the lowest tone level of a simulated piano keyboard, and each successive
block contained sounds from the next-highest range. Other participants were assigned to
practice on four blocks in an antiprogressive order, in which the tone-level difference
between two adjacent blocks was as large as possible. The other factor was the spacing of
sounds that were already practiced in previous blocks. Spaced practice meant the current
block contained not only the sound files determined by the block-progression factor but
also repeat instances of sounds already practiced in previous blocks. Massed practice
meant each block contained only sounds determined by the block-progression factor and,
once a block was finished, sounds exclusive to that block were never played again.

The results from Pavlik et al. (2013) showed that spaced practice on identifying
musical intervals by name—in other words, categorizing various exemplars of musical
sounds—resulted in higher posttest performance, whereas manipulating the tone
progression throughout the blocks had no reliable effect. However, the design of this
study is not able to answer several questions. Although Pavlik and colleagues (2013)
found evidence that spaced practice was more efficacious than massed practice, the use of
only one level of spacing compared to a non-spaced condition cannot determine the
degree of spacing that yields the best results.

Another key issue is that the use of two musical intervals was too small a subset of
all possible musical intervals for generalization. Although a tritone is typically perceived

as unpleasant and the octave as pleasant (e.g., Bidelman & Krishnan, 2009), the use of



only one pleasant and one unpleasant musical interval leaves it ambiguous as to whether
those two musical intervals can properly represent other pleasant and unpleasant musical
intervals. Moreover, the sampling of only two musical intervals may not have captured
enough variance in difficulty from the full set of 12 possible musical intervals in a piano
scale. Perhaps the octave and tritone were the easiest to learn from the full set of 12
musical intervals, or maybe they were the most difficult to learn. Or perhaps one of the
two musical intervals in Pavlik et al. (2013) was especially easy to learn while the other
was abnormally difficult.

Moreover, did Pavlik et al. (2013) actually test the successful categorization of the
perceptual qualities of the octave and the tritone, or do the results suggest nothing more
than rote memorization of the exact items presented during the practice? This
conundrum, known as the item-learning versus category-learning debate (e.g., Reed,
1978), cannot be addressed by the 2013 study because the items that participants
practiced on were identical to the items in the pretest and posttest. Pavlik and colleagues
did find that performance during the practice session worsened to near baseline when
new sounds were introduced, which suggests item-level learning. Nevertheless, this is
inconclusive due to the lack of data on how well or poorly participants would have
identified exemplars of octaves and tritones not heard during practice.

In addition to participants being tested only on the exact sounds they practiced, the
2013 study only used sounds in which the two tones were played simultaneously, known
as harmonies. Musical intervals can also be played consecutively, which is known as a
melody. Because Pavlik and colleagues (2013) did not provide opportunities to practice
or be tested on melodies, the design of their study leaves open the question of whether
recognition of musical intervals depends on being tested on the same sound type as
during practice. Certainly, Pavlik et al. (2013) demonstrates that learning harmonies is

helpful at recognizing the same intervals when played as harmonies, but no conclusions



can be made about whether practicing on harmonies can transfer to recognizing melodic
intervals or whether practicing on melodies can transfer to recognizing harmonic
intervals. Therefore, although inquiry has begun on the effect of spaced practice on
identifying musical intervals, our understanding of the effect of spaced practice on
identifying musical intervals is incomplete.

Music Theory

Continued inquiry into the effect of spaced practice on musical interval recognition
may also provide practical applications for the teaching of music, which does not have a
well-developed literature. Peer-reviewed research on the teaching of music has included
topics such as interpersonal aspects of the relationship between teacher and student (e.g.,
Dickey, 1992; Yarbrough & Price, 1989) and ways that technology can supplement music
teachers (e.g., Walls, 1997) but not on codified, replicable techniques for designing
practice regimens.

The majority of available material on the teaching of music is not based on the
scientific process and instead features anecdotal evidence or techniques passed on
through tradition. The more-popular training programs feature detailed instruction
manuals (e.g., Suzuki, Mills, & Murphy, 1973) that may very well be effective but do not
present statistical evidence for the efficacy of their techniques compared to either
competing teaching methods or the absence of those techniques.

Indeed, there is an extensive array of techniques intending to teach an individual to
identify a musical interval by name without readily-available evidence of efficacy. The
single most common of these informal techniques is to associate a musical interval with
the opening two musical notes of popular music (e.g., Hammel, 2013; Kirsteins, 2012;
McLamore, n.d.). An uncountable number of websites (e.g., Hammel, 2013) state, for
example, that the first two notes for the song “Somewhere Over the Rainbow” are an

octave apart, or that the first two notes of “Twinkle Twinkle Little Star” are a perfect 5th
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apart. There are computer programs that automate this process (e.g., Kirsteins, 2012).
Despite the popularity of this particular mnemonic device, however, there is no scientific
evidence that any specific technique actually helps an individual recognize musical
intervals.

This is not to say there is no peer-reviewed scientific research with potential
applications for identifying musical intervals. There is extensive empirical research on
perceptual and emotional qualities of music and musical intervals (e.g., Bidelman &
Heinz, 2011; Margulis, 2014; Vos & Troost, 1989), but this type of research has not
focused on techniques with which to teach an individual to identify a musical interval by
name upon hearing it. Other research has found that associating emotions to music helps
individuals to recognize that a given song is playing (e.g., Schulkind, Hennis, & Rubin,
1999) but, to our knowledge, the efficacy of associating a music with an emotion has not
been assessed at the fine-grained level of individual musical intervals.

The Categorical Perception of Musical Intervals

Categorical perception, as defined by Goldstone and Hendrickson (2009), is “the
phenomenon by which the categories possessed by an observer influences the observers’
perception” (p. 69). Phenomena influenced by categorical perception include colors of
the rainbow (e.g., Goldstone & Hendrickson, 2009), facial expressions (e.g., Calder,
Young, Perrett, Etcoff, & Rowland, 1996) and speech (e.g., Pisoni & Lazarus, 1973;
Serniclaes, Ventura, Morais, & Kolinsky, 2005). Despite these phenomena occurring in a
continuum of infinite possible exemplars, individuals typically perceive them in
categories, as evidenced by the tendency to assign exemplars to groups that share certain
core features or concepts.

The perception of musical intervals has been shown to be influenced by categorical
perception (e.g., Burns & Ward, 1978; Siegel & Siegel, 1977; Zatorre & Halpern, 1979).

What this means is that the musical scale of a culture can influence the way an individual

11



perceives the sound produced by two musical tones. The western musical scale uses only
12 of the infinite possible musical tones, therefore containing 12 possible musical
intervals. Trained musicians tend to perceive pairs of tones as one of 12 musical intervals
even when at least one of the tones in that pair is not among the set of 12 tones in the
western musical scale (Burns & Ward, 1978; Siegel & Siegel, 1977). A crucial caveat is
that categorical perception is only observed in musically trained individuals (Burns &
Ward, 1978). It appears, then, that categorizing pairs of tones into musical intervals does
not occur naturally to musically untrained individuals, which means their learning gains
in an experimental paradigm can be expected to be minimally confounded by prior
knowledge.

The Current Study

The goal of the current experiment was to assess the effects of spaced practice on
recognizing musical intervals, and to do so more thoroughly than previous efforts.
Compared to a recent effort (Pavlik et al., 2013) that initiated this line of inquiry, the
current study increased the number of levels of spaced practice, incorporated a larger
assortment of musical intervals, and tested participants at various time gaps after practice
to assess the rate of forgetting. If any of these manipulations were to have a consistent
impact on identifying musical intervals, then the results would contribute not only to
cognitive psychology but also to the music theory and music teaching literatures.

In the study, individuals practiced identifying six musical intervals, split into
narrow, medium, and wide spaced-practice regimens. The musical interval variety and
multiple practice schedules allowed for an evaluation of whether spaced practice was
more effective than massed practice for long-term learning and whether the impact of
spacing depended on the musical interval in question. The posttest was scheduled either 2
min, 1 day, or 7 days after practice, which provided data for the durability of any learning

gain. To investigate transfer, some individuals practiced on melodic sounds, others on
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harmonic sounds, and all were tested on both sound types. Additionally, all participants
were tested on sounds at the tone levels from practice and on a novel tone level that they
did not hear during practice. Results carry interesting implications for how musical
intervals are learned and also on the effects of spaced practice on a perceptual-conceptual

task.
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Chapter 2
Method

Participants

A total of 187 individuals provided data for this experiment. During the three-week
data-collection period, all individuals began their participation at a time of their choice
and using the computer of their choice. The majority of the participants (n = 165) self-
selected this study from a list of available tasks on an online data-collection service,
Amazon Mechanical Turk (Amazon Mechanical Turk, Inc., 2005). Participants from
Amazon Mechanical Turk were paid $2 for Session 1, which consisted of a pretest and a
practice session, and they were paid $3 for Session 2, which began with a posttest and
ended with a survey. This experiment was also available as one of several extra credit
opportunities at two large metropolitan universities in Tennessee at which some students
(n = 22) self-selected this experiment. The students were not paid; instead, their incentive
for participating was an amount of extra credit at the discretion of the course instructor.

Four participants did not provide demographic information about themselves. Of the
183 participants who provided demographic information, there were 97 males and 86
females. Participant age ranged from 18 to 66 years of age (M = 30.48, SD = 9.00).
Stimulus Music

The current study selected six musical intervals from the 12 possible musical
intervals of a piano scale. Using six musical intervals provided a larger sample of
stimulus sounds than previous research which used only two musical intervals (Pavlik et
al., 2013) and presented a relatively low probability of correctly guessing any given trial.
The sound files were created by Finale (Makemusic, Inc., 2015a), a computer program
capable of creating music by simulating the timbre of a large number of instruments
through the use of instrument samples in their Garritan virtual library (Makemusic, Inc.,

2015b). For the study, all stimulus sounds had the timbre of a piano. Each sound file
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contained a stimulus sound consisting of two musical tones arranged in one of these six
musical intervals: minor 3rd, major 3rd, tritone, perfect Sth, major 7th, and octave.
Respectively, these intervals consist of tones that are 3, 4, 6, 7, 11, and 12 half-steps
apart. Three of these intervals are considered dissonant, which means they are typically
perceived as unpleasant: minor 3rd, tritone, and major 7th (Bidelman & Krishman, 2009).
The other three intervals—major 3rd, perfect 5th, and octave—are considered consonant
or pleasant-sounding (Bidelman & Krishnan, 2009). Each of these six intervals had six
exemplars which varied by three tone levels (low/medium/high) and two sound types
(melodic/harmonic), both factors crossed.

The tone level was defined in terms of the musical tone located halfway between the
upper and lower tones of the musical interval. For musical intervals that consisted of an
even number of half-steps, the lower and upper tone were set to be equidistant from the
median tone. For intervals with an odd number of half-steps, the upper tone was one
additional half-step away from the median tone compared to the lower tone. The low tone
level was centered on Middle C, the 40th key on a standard 88-key piano. Sounds at the
medium tone level were centered on the 41st key in the piano keyboard. The high tone
level was centered on the 42nd key.

The two sound types were melodic and harmonic musical intervals. The melodic
version of a musical interval presented the lower tone for 0.65 s and then the upper tone
for 0.65 s. The tones did not overlap. The harmonic version played both of the tones
simultaneously for 1.30 s total. Regardless of the sound type, each stimulus sound lasted
1.30 s. Thus, with six distinct musical intervals that each contained six exemplars—three
tone levels crossed with two sound types—this study contained a total of 36 distinct

stimulus sound files.
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Procedure

Participants self-selected this study either from Amazon Mechanical Turk or as an
extra credit activity for coursework. Participants were provided with a brief description of
the experiment and a statement of informed consent. In addition to describing the musical
interval identification task, the description of the experiment stated that all interested
individuals were welcome to participate but also that this experiment may not be helpful
or interesting to individuals already proficient at identifying musical intervals.

The informed consent statement listed the potential risks and benefits of the study
and stated to all participants that they would be assigned to take Session 2 at one of three
different times: 2 min, 1 day, or 7 days after completing the practice portion. The
informed consent statement elaborated to participants that they would be informed when
their posttest would occur only after finishing Session 1. This was done to stifle a
possible self-selection confound based on participants’ preferred retention intervals.
Individuals who agreed to these terms provided informed consent and initiated Session 1
by clicking on a link to a website that hosted the computerized protocol for this study.
The Amazon Mechanical Turk users and the students were provided with the same link,
and so the procedure from this point forward was identical for both types of individuals.

Session 1 began by showing participants a one-screen orientation slide containing
summaries of musical terms. The purpose of this slide was to orient musically
inexperienced participants to the task. This screen contained a brief definition of
intervals, melodies, and harmonies. The orientation slide named the six musical intervals
used in this study and a small number of perceptual qualities of each interval. These
perceptual qualities were brief paraphrases or summaries of findings on the consonance
and dissonance of music (e.g., Bidelman & Krishnan, 2009; Kameoka & Kuriyagawa,
1969; McDermott, Lehr, & Oxenham, 2010). For example, we described an octave as

“pure, clear” and a minor 3rd as “suspenseful, sad” (see Appendix A for a screenshot).
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After the orientation slide, a non-interactive screen informed participants that they
were about to hear two examples of a minor 3rd, one as a harmony and one as a melody,
and not necessarily in that order. The automated computer program then played one
example of a harmonic minor 3rd and one example of a melodic minor 3rd, each of them
randomly selected from the three different tone levels and played in random order. This
process was then repeated for each of the remaining musical intervals so that participants
started the practice session having heard two examples of each musical interval. The
order, harmonic-then-melodic or melodic-then-harmonic, and the tone level of each
sample example sound were randomized to avoid any possible confounding effects that
may have arisen from presenting the example sounds in a consistent way.

After the example sounds, participants took a pretest of 72 trials. All 36 unique
stimulus sound files were played one time each in random order without replacement.
Then, all 36 sounds played again in random order without replacement.

Next, there was a practice session during which the participants attempted to identify
musical intervals for 108 trials. The subset of sounds and the order in which these sounds
were presented varied depending on the participant’s randomly assigned condition. These
conditions counterbalanced the practice sound type and the point in Session 1 when the
narrowly-spaced musical intervals were presented, and are described in more detail in the
following sections. After finishing the practice, Session 1 concluded and participants
were shown a non-interactive screen with a countdown to Session 2; this was the point at
which participants were informed of the timing of their posttest. This page also provided
participants with the link to access Session 2 when the countdown expired.

The first component of Session 2 was a posttest of 72 trials: each of the 36 stimulus
sound files played in random order without replacement, and then the 36 sounds played
again in random order without replacement. When participants finished the posttest, the

online protocol displayed the second component of Session 2, a survey about themselves,
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their musical background, and their strategy use. It was at this point in the experiment
that four individuals opted out of finishing the study.

The task for each trial was identical for the pretest, practice, and posttest. First, a
stimulus sound played for 1.30 s. The participants were provided with 10 seconds to click
on the name of the musical interval they just heard (e.g., major 3rd, octave). The answer
choices were shown onscreen as buttons to be clicked. When participants selected a
correct response, success was indicated by displaying a checkmark and the word correct
for 1.00 s. When participants selected an incorrect response or failed to respond within
ten seconds of hearing the sound, the program simultaneously replayed the sound,
displayed an X and the word incorrect, and provided the correct answer; the screen then
lingered on this display for 3.00 additional seconds after the sound was finished
replaying.

Conditions

Spaced practice. The number of levels of spaced practice needed to allow at least
one musical interval for each level of spacing, and each spacing level required the same
number of musical intervals to achieve a balanced design. The use of two or three levels
of spacing would have satisfied both of these requirements. The decision was made to use
three levels because this provided finer-grained observations of the spacing effect
compared to previous research on musical intervals that only compared one spaced
condition to one massed condition (Pavlik et al., 2013). Therefore, for each participant,
the computerized protocol randomly assigned two intervals to be widely spaced, two
intervals to be medium spaced, and two intervals to be narrowly spaced.

The practice session consisted of six blocks of either 12 or 30 trials per block. These
blocks were not announced to the participant, but rather were blocks from the design

sense. Each musical interval played exactly 18 times regardless of its spacing regimen.
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The trials within each block played in a randomized order, but the order of whole blocks
was presented in one of the predetermined orders described below:

Each of the two widely spaced musical intervals was presented three times in every
block, which gave participants exposure to these musical intervals throughout the whole
practice session in small doses per block. The medium spaced musical intervals made
more appearances per block compared to the widely spaced musical intervals, but each of
the medium spaced musical intervals appeared in fewer blocks. One of the two medium
spaced musical intervals played six times for each of the first, second, and third blocks.
The other medium spaced musical interval played six times each for the fourth, fifth, and
sixth blocks.

The narrowly spaced musical intervals had the most iterations per block in the
blocks they did appear in but also appeared in the fewest number of blocks.
Approximately one-third of the participants, selected at random, received 18 repetitions
of one of the narrowly spaced intervals on the first block and 18 repetitions of the other
narrowly spaced interval on the fourth block. Another randomly-selected one-third of the
participants received all 18 trials for one of the two narrowly spaced intervals on Block 2
and all 18 trials of the other narrowly spaced interval on Block 5. And, one-third of the
participants received 18 trials of one narrowly spaced interval on Block 3, and 18 trials of
the other narrowly spaced interval on Block 6. This regimen helped distribute primacy
and recency effects in a balanced way by having an equal proportion of participants
hearing the narrow-spaced intervals at the beginning, middle, or end of their practice
session.

Because all six blocks contained three iterations of each of the two widely spaced
intervals and six iterations of one of the two medium spaced intervals, all six blocks

contained a minimum of 12 trials. Two of the six blocks contained more than the
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minimum because each of these two blocks contained all 18 repetitions of a narrowly
spaced musical interval, and thus these blocks had 30 trials.

Generalizing tone levels. We collected data to address whether participants were
learning to identify musical intervals or only the specific sound files on which they
practiced. Participants practiced on sounds only at the low and medium tone levels during
the practice session. For each of the 18 practice trials for any particular musical interval
(e.g., an octave), the computer program randomly selected whether to present the version
of the musical interval at the low tone level or the medium tone level. The posttest and
pretest featured trials at the low and medium tone levels plus an additional tone level, the
high level, which was not practiced.

Generalizing sound types. The sound-type variable (melody/harmony) was another
measure to test whether participants were learning to categorize sounds into musical
intervals or if they were learning only the exact sounds they heard at practice. Each
participant was randomly assigned to one of two sound types for the practice session. Of
the participants who finished the pretest, practice session, and posttest, 84 participants
practiced solely on harmonic musical intervals, and 103 participants practiced solely on
melodic musical intervals. The pretest and posttest contained melodic and harmonic
sounds. Participant posttest performance at identifying musical intervals played as the
same sound type they received at practice indicated item-level learning, and participant
recognition of the other sound type at posttest indicated category-level learning.

Retention interval. Participants were tested at various time points to assess the
durability of any effects from the spaced practice. Sixty-six participants were assigned to
complete the posttest two minutes after the practice session, 76 participants were
assigned to complete the posttest after one day, and 98 participants were assigned to
complete the posttest after seven days. The dropout rates for the 2-min, 1-day, and 7-day

group were, respectively, 12.12%, 27.63%, and 24.49%. Thus, 58 participants provided
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usable data—pretest, practice session, and posttest—for the 2-min retention interval, 55
participants provided usable data for the 1-day retention interval, and 74 participants
provided usable data for the 7-day retention interval.

Measures

Each trial had two possible results, correct and incorrect. Subscores for each of the
conditions described above—correctly identified musical intervals at each spacing level,
correctly identified harmonies, correctly identified octaves, and so on—were computed
by taking the proportion of correctly-identified trials at each level of the relevant factor.
In addition to the performance-based measure, participants filled out a survey at the end
of Session 2. The survey asked participants to report demographic information (age, sex,
whether they have normal hearing or perfect pitch), their music experience, and various
aspects of their strategy use (see Appendix B1 for the full survey).

Music experience and skill. The survey asked about various facets of musical
experience, if any. Topics included the number of years the participant studied music in
school and the number of years of ear training the participant received. There were
questions asking participants to report their believed level of skill at various musical
tasks, including how well they believed themselves to be able to read music and identify
musical intervals by ear. Overall, the individuals in the sample reported having very few
years of musical experience and low degrees of musical skill; see Appendix B2 for
descriptive statistics for each experience and skill-related item.

Strategy use. The strategy-use portion of the survey assessed whether participants
used strategies more aligned with the deficient processing theory literature or the
interleaving theory literature. Participants rated their degree of agreement to statements
such as, “Learning these musical intervals was a process that required me to identify the
degree to which the current sound differed from previous sounds,” and, “In choosing my

answers during the practice session, it was helpful when I had recently heard that
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interval.” Several items asked participants to report their use of informal mnemonic
strategies, such as associating musical intervals with familiar songs that prominently
feature them (e.g., Halpern, 1989). As an example, participants rated their endorsement of
this statement: “It was helpful to remember each interval by associating it with familiar
tunes or songs. For example, some individuals learn a perfect 4th (which you were not
tested on) by associating it with the opening of ‘Here Comes the Bride.””

Preliminary Analyses

Check on randomization to groups. Prior knowledge was analyzed to determine
whether randomization was successful. Prior knowledge was operationally defined by the
participant’s score—correct or incorrect—on the second instance at pretest that the
participant was presented with each of the 36 unique stimulus sound files created for this
experiment. The decision was made to use the second pretest trial of a given sound,
instead of the first instance or the mean of both instances, because the first instance
largely consisted of incorrect responses and was better characterized as an attempt to
acclimate to the task than as a valid measure of prior knowledge.

As the pretest occurred before the practice sound type or retention interval
manipulations were introduced to the participant, randomization was to be deemed as
successful if pretest performance was comparable across retention intervals and practice
sound types. Using the pretest measure described above, the two-minute retention group
scored 29.53% of the trials correctly, the one-day group scored 30.45%, and the seven-
day group scored 28.41%. Participants assigned to practice on harmonies scored an
average of 27.74% on the pretest measure, and participants assigned to practice on
melodies scored an average of 30.66%.

A fully-factorial mixed-effect logistic regression model estimated whether pretest
performance varied with retention interval or practice sound type. The retention interval

was a variable on an interval scale, and the sound type was categorical. Participant
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variance was a random factor (SD = 0.739). The dependent variable was whether a
participant correctly identified the second instance of each unique stimulus sound during
the pretest. Pretest performance of the three retention intervals was indeed comparable, p
=.286. The pretest performance of the group assigned to practice on harmonies was
comparable to the pretest performance of the group assigned to practice on melodies, p =
.829. The Retention Interval x Practice Sound Type interaction was not statistically
significant, p = .273. With no evidence of consistent differences in prior knowledge
between the six groups, we concluded that participants were successfully randomized.
Check on spaced practice. Although the main goal of this experiment was to
investigate whether posttest performance would vary as a function of at least one of the
manipulated factors, an intermediary step was to check whether the practice session had
patterns consistent with spacing conditions. In Figure 1, below, we graphed the average
proportion of musical intervals correctly recognized during the practice session. Each line
represents the mean score of each of the three levels of spaced practice, and Trials 1
through 18 represent the 18 instances a participant practiced each musical interval during

the practice session.

23



0.8

0.7
1

0.6
|
|
N
S
.: 1 }_{_%
:,_'_|
\
|
Haw

0.4 ).5
| |
\\\
——
| =
;
e
=1
i
[
bk
— )
F_
f
—

Proportion Correct

3 f Levels of Spacing

1 Narrow
ol | e Medium
= 0 Wide

T 1 T 1 1 — 1 T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Trial Number
Figure 1. Raw proportions of correctly-identified practice trials for each level of spaced

practice. Error bars are bounded at -1SE and 1SE.

As raw proportions, 61.41% of the narrowly-spaced practice trials were correctly
identified at practice, 53.51% of the medium-spaced practice trials were correctly
identified, and 42.66% of the widely-spaced practice trials were correctly identified. A
fully-factorial logistic-regression mixed-effect model predicted the likelihood of
identifying a musical interval during the practice session as a function of the spacing
regimen and the trial number. Spacing was coded on an interval scale (narrow = 1,
medium = 2, wide = 3) with the narrow spacing level as the comparison point. The trial
number was also coded on an interval scale, with values 1 to 18 to label each instance
that a participant practiced a given musical interval. To illustrate, suppose a participant
were assigned to practice the tritone and octave on narrow spacing. All tritone and octave
trials would be coded 1 for spacing regimen. The first time this participant practiced a

tritone or octave, the trial number would be coded 1. The final time this participant
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practice a tritone or octave, the trial number would be coded 18. In addition to the
spacing and trial number factors, there was one random factor, participant-to-participant

variance. Results of this model are presented below, in Table 1.

Table 1

Logistic Regression Predicting Success on a Practice Trial as a Function of
Spacing Regimen

Factor Coefficient SE Z score p
Intercept 0.067 0.104 0.647 S18
Spaced-Practice Regimen -0.198 0.039 -5.068 <.001
Trial Number 0.100 0.008 12.494 <.001

Spaced-Practice Regimen
-0.026 0.004 -6.981 <.001
x Trial Number

Note. N = 187. Between-participant variance was a random effect, SD = 0.837.
Negative coefficient for spacing indicates higher scores at narrower levels of
spacing. Positive coefficient for trial number indicates higher scores as the

session continued.

Performance during practice was lowest at wide spacing and highest at narrow
spacing, which suggests that massing resulted in strongest short-term retrieval strength
during practice. This pattern is in line with other research which found short-term
performance was lower at wider levels of spacing (Pavlik & Anderson, 2005).
Interestingly, the wide spacing regimen appeared to dip in performance between Trials 9
and 10, which is the halfway point of practice. The reason for this is caused by the fact

that only the long-spacing conditions were distributed throughout the whole practice
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schedule, and 4 of the 6 wide spacing schedules presented all 18 trials of a narrowly
spaced item directly before or after the halfway point of the practice session. This
procedure resulted in a consistently longer spacing between Trials 9 and 10 in the widely
spaced items. The main effect of the trial number factor confirms that participants
improved their performance overall as the practice session continued. The positive
interaction between spacing and trial number means that the difference in performance
between the three spacing levels became more pronounced as the practice session

continued, illustrating that the effect of spacing actually grew as practice continued.
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Chapter 3
Results
Data analysis was conducted in two stages. The primary analyses focused on
hypotheses regarding the manipulated factors: spaced practice, retention intervals, tone-
level transfer, and sound-type transfer. The secondary analyses assessed the degree of
external validity by evaluating whether there were relationships between posttest
performance and the non-manipulated variables—participant demographics, experience,
strategy use, and perceived musical skill—as well as interactions between the
manipulated and non-manipulated variables.
Several features hold true for all models in this report unless otherwise specified.
The statistical tests used mixed-effect logistic regression models to estimate the
likelihood of correctly identifying a trial during the posttest. All analyses treated the
identity of the participant—in other words, random participant-to-participant variance—
as a random effect, and this was the only random effect. All other factors were fixed
effects. Statistical models treated the musical intervals (minor 3rd, major 3rd, etc.) as a
six-level interval-scale variable. Because the key characteristic of a musical interval is the
number of half-steps separating the bottom and upper tones, each of the six musical
intervals chosen for this experiment had a different number of half-steps, and so musical
intervals were rank-ordered smallest (minor 3rd was coded 1) to largest (octave was
coded 6). All models treated spacing and retention intervals as interval-scale variables.
Increasingly large levels of spacing and retention were coded with larger numbers, and so
positive coefficients for the retention interval and spacing levels would indicate that
wider gaps resulted in higher performance, whereas negative coefficients would indicate

narrower gaps resulted in higher performance.
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Primary Analyses

Primary analyses began with an assessment of whether the university students and
the Amazon Mechanical Turk users provided comparable data. This was achieved using a
fully-factorial mixed-effect logistic regression model that estimated the likelihood of
correctly identifying a posttest trial based on the size of the musical interval, the spacing
regimen during practice, the length of the retention interval, and whether the participant
was a student or an Amazon user. Spacing levels, retention intervals, and musical interval
size were numeric variables on an interval scale, and participant type was categorical.
The results of this analysis are in Appendix Cl1.

The Amazon users had higher posttest scores (M = 32.37%) than the students (M =
20.95%), but this difference was not statistically significant in the model. There were no
statistically-significant interactions. Although mean posttest performance of the students
was only marginally higher than the 1-in-6 probability of guessing correctly, the decision
was made to keep the students for two reasons. As one reason, the lack of statistically-
significant interactions meant that the magnitudes of the spacing, musical interval size,
and retention interval manipulations were comparable between students and the Amazon
users. As the second reason, there were more than seven times as many Amazon users
than students. It was possible that the students actually contributed valid data but that
their mean scores were low due to sampling error. Because the test summarized in
Appendix C1 did not present evidence that the manipulations affected the Amazon users
differently than the students, the decision was made to incorporate both types of
participants into one group for all analyses.

Spacing and retention. To evaluate differences between pretest and posttest, a
logistic-regression mixed-effect model predicted the likelihood of identifying a musical
interval using one fixed categorical factor—whether the trial was during the pretest or

posttest—and one random factor, the participant-to-participant variations (SD = 0.781).
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This statistical model used all pretest trials instead of only the second half of the pretest
in order to create a balanced model that compared 72 pretest trials with 72 posttest trials
for each participant; this is the only test in this report that used all pretest trials. Although
posttest scores (M = 31.06%) were only modestly higher than pretest scores (M =
27.84%), this difference was statistically significant, p <.001. This statistical test
aggregated all the posttest transfer conditions, which are analyzed separately later in this
report.

With evidence that the practice session resulted in some degree of learning, the goal,
then, of the spacing and retention analyses was to evaluate whether the regimen of spaced
practice had an influence on performance and whether the relative impact of the three
levels of spacing varied among the three retention intervals. Table 2 presents the raw
posttest scores for each level of spaced practice at the three retention intervals. These raw
mean proportions were aggregated across all musical intervals, tone levels, and sound
types. The grand means for posttest performance at the 2-min, 1-day, and 7-day retention

groups were, respectively, .316, .306, and .310.
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17.

18.

19.

20.

21.

22;

23.

As far as you know, do you have normal hearing? *

() Yes

) No
As far as you know, do you have absolute perfect pitch? *
) Yes

' No

How many years have you studied any music overall? *
Enter 0 if you have no experience in this area

How many years have you studied music with a private tutor or small group? *
Enter 0 if you have no experience in this area

How many years have you studied music on your own? *
Enter 0 if you have no experience in this area

How many years have you studied music in school? *
Enter 0 if you have no experience in this area

How many years of ear training have you had? *
Enter 0 if you have no experience in this area

How many years have you studied harmonic intervals specifically? *
Enter 0 if you have no experience in this area

How many years have you studied melodic intervals specifically? *
Enter 0 if you have no experience in this area
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24,

25.

26.

27.

28.

How many years has it been since your most recent music training?
Only answer this question if you have musical training and you have not kept up the practice

What instrument(s) do you play primarily?

Only answer this question if you play an instrument. Otherwise, leave it blank

At what age did you begin to learn music?
Leave this blank if you never learned music

How well can you read music? *

1 2 3 45

Notatall O O O O O Very well

How well do you understand what a harmonic interval is? *

1 2 3 4 5

Notatall ) O O O O Very well

How well can you identify harmonic intervals by ear? *

1 2 3 4 5

Notatall O O O O O Very well

How well do you understand what a melodic interval is? *

1 2 3 45

Notatall O O O O O Very well

How well can you identify melodic intervals by ear? *

1 2 3 45

Notatall ) O O O O Very well
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Appendix B2

Descriptive Statistics for Years of Musical Experience and Degree of Skill

Item Construct M SD
Experience
17 Total years studied music 2.552 5.956
18 With private tutor or small group 0.847 3.542
19 On your own 1.426 5.153
20 In school 1.568 2.962
21 Ear training 0.257 1.136
22 Harmonic musical intervals 0.158 0.909
23 Melodic musical intervals 0.153 0.844
Skill
24 Read music 1.814 1.162
25 Understand harmonic musical intervals 2.011 1.158
26 Identify harmonic musical intervals by ear 1.678 0.832
27 Understand melodic musical intervals 1.973 1.102
28 Identify melodic musical intervals by ear 1.678 0.896

Note. N = 183. Survey items correspond to labels in Appendix B1. Items
measuring experience are expressed in years. [tems measuring skill are from

a scale ranging 1-5, with larger numbers indicating greater degrees of skill.
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Appendix C1

Logistic Regression Predicting Likelihood of Identifying a Musical Interval as a
Function Spaced-Practice Regimen and Retention Interval for Amazon Turk Users
and University Students

Factor Coefficient SE Z score p
Intercept -0.784 0.846 -0.927 354
Participant Type -0.511 0.720 -0.710 478
Spaced-Practice Regimen -0.184 0.363 -0.506 .613
Retention Interval -0.035 0.697 -0.050 .960
Musical Interval Size 0.202 0.186 1.082 279
Participant Type

0.045 0.306 0.146 .884
x Spaced-Practice regimen
Participant Type
-0.184 0.621 -0.297 766
x Retention Interval
Spaced-Practice Regimen
0.030 0.298 0.101 919
x Retention Interval
Participant Type
-0.073 0.156 -0.465 .642
x Musical Interval Size
Spaced-Practice Regimen
0.061 0.088 0.695 487
x Musical Interval Size
Retention Interval
-0.058 0.159 -0.365 715

x Musical Interval Size

(table continues)
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Logistic Regression Predicting Likelihood of Identifying a Musical Interval as a
Function Spaced-Practice Regimen and Retention Interval for Amazon Turk Users
and University Students

Factor Coefficient SE Z score p

Participant Type x Spacing
0.051 0.264 0.195 .845

x Retention Interval
Participant Type
x Spaced-Practice Regimen -0.010 0.073 -0.142 .887
x Musical Interval Size
Participant Type
x Retention Interval 0.104 0.141 0.742 458
x Musical Interval Size
Spaced-Practice Regimen
x Retention Interval -0.014 0.074 -0.187 .852
x Musical Interval Size
Participant Type
x Spaced-Practice Regimen

-0.011 0.065 -0.169 .866

x Retention Interval

x Musical Interval Size

Note. N = 187. Between-participant variance was a random effect, SD = 0.830. The
Amazon Mechanical Turk users were treated as the comparison group, and so a
negative coefficient indicates students performed worse. Spacing and retention
were coded numerically with larger numbers for wider gaps. Musical intervals

were numerically ranked in order of their size in half-steps.
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Appendix C2

Logistic Regression Predicting Likelihood of Identifying a Musical Interval as a
Function of Spaced-Practice Regimen, Retention Interval, and Prior Knowledge
(Model 1)

Factor Coefficient SE Z score p
Intercept -1.585 0.281 -5.651 <.001
Pretest 0.696 0.458 1.518 129
Spaced-Practice Regimen -0.058 0.125 -0.463 .643
Retention Interval -0.163 0.203 -0.803 422
Musical Interval Size 0.071 0.066 1.073 283
Pretest x Spaced-Practice Regimen -0.183 0.219 -0.837 402
Pretest x Retention Interval -0.061 0.332 -0.185 .853
Spaced-Practice Regimen

0.076 0.090 0.845 398
x Retention Interval
Pretest x Musical Interval Size 0.110 0.112 0.983 326
Spaced-Practice Regimen
0.050 0.031 1.594 A11
x Musical Interval Size
Retention Interval
0.067 0.049 1.365 172
x Musical Interval Size
Pretest x Spaced-Practice Regimen
-0.012 0.157 -0.078 938
x Retention Interval
Pretest x Spaced-Practice Regimen
-0.011 0.052 -0.208 .835

x Musical Interval Size

(table continues)
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Logistic Regression Predicting Likelihood of Identifying a Musical Interval as a
Function of Spaced-Practice Regimen, Retention Interval, and Prior Knowledge
(Model 1)

Factor Coefficient SE Z score p

Pretest x Retention Interval

-0.033 0.082 -0.405 .686
x Musical Interval Size
Spaced-Practice Regimen
x Retention Interval -0.032 0.023 -1.403 161
x Musical Interval Size
Pretest x Spaced-Practice Regimen
x Retention Interval 0.027 0.038 0.700 484

x Musical Interval Size

Note. N = 187. Between-participant variance was a random effect, SD = 0.892. Spacing
and retention were coded numerically with larger numbers for wider gaps. Musical

intervals were numerically ranked in order of their size in half-steps.
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Appendix C3
Tone-Level Transfer for Harmonic and Melodic Practice Groups

Despite a shortage of persuasive evidence that the harmonic practice group differed
from the melodic practice group in ability to generalize learning to a transfer tone level,
for completeness, we replicated the tone-level analyses (see Tables 7 and 8) separately
for these two groups. Each analysis began with a main-effect-only model that evaluated
the extent to which performance differed between posttest trials of a practiced tone level
and a transfer tone level in a straightforward way. Then, a more-complex model
replicated Model 5, which tested for differences in performance as a function of prior
knowledge, tone level, spacing, and the size of the musical interval. Each analysis
finished with a pair of models testing the main effect of spacing, the Spacing x Musical
Interval Size interaction, and prior knowledge; each model separately tested for the trials
at the practice tone levels and at the transfer tone level.
Harmonic Practice Group

The raw posttest performance of the harmonic practice group, parsed into practice
and transfer tone levels, is graphed in Figure 10, which follows this paragraph. The left
half of the graph contains raw proportions for the posttest trials on a tone level that was
practiced, and the right half of the graph contains raw proportions for the trials on the
transfer tone level. These raw proportions were aggregated across retention intervals and

sound types (i.e., melodic or harmonic trials).
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Figure 10. Harmonic practice group raw performance on posttest trials at practice and

transfer tone levels. Error bars represent 1SE.

We estimated the difference in performance between the practice tone levels and the
novel tone level in a logistic regression mixed-effect model with only one fixed factor,
the tone level of the trial, coded as an interval scale. The practice level was coded 1, and
the transfer tone level was coded 2. There was one random effect for between-participant
variations (SD = 0.820). This model explained 13.68% of the variance. The regression
coefficient for the intercept was -0.655, p <.001. The regression coefficient for the tone
level main effect was -0.204, p = .002. The statistically-significant negative tone-level
effect confirms that scores at the transfer tone level (M = 27.48%) were consistently
lower than at a practice tone level (M =31.17%).

Next, the analysis evaluated the effect of spaced practice on tone-level transfer for
the harmonic practice group. Posttest performance for these individuals was estimated in
a logistic regression mixed-effect model that replicated Model 5. The predictors of the
current model were the Spacing x Musical Interval Size interaction, the Tone Level x
Spacing x Musical Interval Size interaction, the main effect of tone level, and a covariate

for prior knowledge. Spaced practice was a quantitatively coded variable on an interval
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scale, with wider spacing coded as larger numbers. Tone level was also on an interval

scale, with the practice level as the reference level. Results are in Table 16.

Table 16

Logistic Regression Predicting Harmonic Practice Group Success on a Posttest Trial
as a Function of Tone Level, Spaced-Practice Regimen, and Musical Interval Size

Factor Coefficient SE Z score p
Intercept -1.781 0.191 -9.341 <.001
Pretest 0.622 0.069 9.077 <.001
Tone Level 0.142 0.121 1.176 239
Spaced-Practice Regimen

0.126 0.019 6.576 <.001
x Musical Interval Size
Tone Level
x Spaced-Practice Regimen -0.045 0.014 -3.297 <.001

x Musical Interval Size

Note. N = 84. Between-participant variance was a random effect, SD = 0.752. Positive
coefficients for spacing indicate higher scores at wider spacing. Negative coefficients

for tone level indicate lower scores at the transfer level.

The results follow the same pattern as the tone-transfer analysis of the whole set of
187 subjects (see Table 7). The positive and statistically-significant Spacing x Musical
Interval Size interaction indicates that the effect of spaced practice was more pronounced
and positive as musical intervals increased in size. The negative direction of the Tone
Level x Spacing x Musical Interval Size interaction suggests that the Spacing x Musical

Interval Size interaction differed between the tone levels. To evaluate how the two-way
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interaction differed for the tone levels, a pair of models replicated the effect of Model 3—
predicting performance based on prior knowledge, the main effect of spacing, and the
Spacing x Musical Interval Size interaction—separately for the practice tone levels and

the transfer tone level. Results are in the Table 17.

Table 17

Logistic Regression Models Predicting Harmonic Practice Group Success on Posttest
Trials on Practice and Transfer Tone Levels

Factor Coefficient SE Z score p

Practice Tone Level

Intercept -1.123 0.130 -8.622 <.001
Pretest 0.582 0.083 7.023 <.001
Spaced-Practice Regimen -0.427 0.062 -6.870 <.001

Spaced-Practice Regimen
0.128 0.011 12.073 <.001
x Musical Interval Size

Transfer Tone Level

Intercept -1.271 0.171 -7.419 <.001
Pretest 0.796 0.128 6.230 <.001
Spaced-Practice Regimen -0.255 0.088 -2.902 .004

Spaced-Practice Regimen
0.064 0.015 4.175 <.001
x Musical Interval Size

Note. N = 84. Between-participant variance was a random effect, SD = 0.735 on the
practice tone level, SD = 0.776 on the transfer tone level. Wider levels of spacing and

larger musical intervals were coded with larger numbers.
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The upper model, summarizing performance on the practice tone levels, explained
17.93% of the variance while the lower model, summarizing performance on the novel
tone level, explained 20.29% of the variance. For posttest trials at the practice and
transfer tone levels, the positive impact of spacing was more reliable for larger musical
intervals. This trend was more modest for the transfer tone level than for the practice tone
levels. This pattern of scores matches the overall pattern of the whole sample’s
performance on tone-level transfer.

Melodic Practice Group

The raw posttest performance of the melodic practice group is divided into trials at
the practice and transfer tone levels in in the figure directly following this paragraph. The
left half of the graph contains raw proportions for the posttest trials on a tone level that
was practiced, and the right half of the graph contains raw proportions for the trials on the
transfer tone level. These raw proportions were aggregated across retention intervals and

across harmonic and melodic trials.
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Figure 11. Melodic practice group raw performance on posttest trials at practice and

transfer tone levels. Error bars represent 1SE.

Paralleling the process used to analyze the harmonic practice group, the next model
predicted the magnitude of the differences between the practice tone levels and the novel

tone level for the melodic practice group. This was assessed by way of a logistic
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regression mixed-effect model with one fixed factor, the tone level main effect, coded
numerically on an interval scale with the practice tone level as 1 and the transfer tone
level as coded 2. The model also included one random effect for random variations
between participants (SD = 0.834). The regression coefficient for the intercept was
-0.608, p <.001. The regression coefficient for the tone level main effect was -0.184, p =
.001, which replicates the finding using the whole set of participants that scores at the
practice tone level (M = 33.10%) were consistently higher the scores at the transfer tone
level (M =29.68%).

With the main effect of tone level transfer established in a straightforward way, the
analysis could begin for the interaction effect of spaced practice and musical interval size
on tone-level transfer for the melodic practice group. Posttest performance was estimated
in a logistic regression mixed-effect model that replicated the predictors of Model 5: the
Spacing x Musical Interval Size interaction, the Tone Level x Spacing x Musical Interval
Size interaction, the main effect of tone level, and a covariate for prior knowledge.
Spaced practice and musical interval size were numerically coded on an interval scale,
with increasing scores for wider spacing regimens and larger musical intervals. Tone
level was also coded on an interval scale, with the practice level coded 1 and the transfer
tone level coded 2. The model accounted for 18.04% of the variance; full results are in

the Table 18.
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Table 18

Logistic Regression Predicting Melodic Practice Group Success on a Posttest Trial
as a Function of Tone Level, Spaced-Practice Regimen, and Musical Interval Size

Factor Coefficient SE Z score p
Intercept -1.328 0.168 -7.884 <.001
Pretest 0.708 0.060 11.844 <.001
Tone Level -0.114 0.107 -1.070 285
Spaced-Practice Regimen

0.070 0.017 4.060 <.001
x Musical Interval Size
Tone Level
x Spaced-Practice Regimen -0.011 0.012 -0.890 374

x Musical Interval Size

Note. N = 103. Between-participant variance was a random effect, SD = 0.754.
Positive coefficients for spacing indicate higher scores at wider spacing. Negative

coefficients for tone level indicate lower scores at the transfer level.

The Spacing x Musical Interval Size interaction was positive and statistically
significant, once again confirming that the positive impact of spaced practice was more
robust as musical intervals became larger. Although the regression coefficient of the
three-way Tone Level x Spacing x Musical Interval Size interaction was once again
negative, it was not statistically significant, and the regression coefficient was near zero.
Without sufficient evidence that the Spacing x Musical Interval Size interaction had
strongly different patterns on the transfer and practice tone levels, the results of Table 18

were not dismantled into separate models.
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One interpretation is that this analysis did not have sufficient statistical power.
Despite the lack of statistical significance for the three-way interaction term, its
coefficient was negative, just like all the other three-way interactions involving spacing
and musical interval size. It seems plausible that the interaction between spacing and
musical interval size may actually differ on the different tone levels, as the scores in
Figure 11 do not visually appear to follow identical patterns. Another interpretation is
that the findings are accurate, and there is not a strong relationship between tone-level
transfer and spaced practice for individuals who practice on melodies.

What is clear is that the individuals who practiced on melodies were less able to
identify trials at a transfer tone level compared to a practice level, as were the individuals
who practiced on harmonies. With this result and the results from the full set of
participants, there does not appear to be a strong systematic difference between the
harmonic and melodic groups in their ability to generalize learning to a transfer tone

level.
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Appendix D
Items Used to Calculate Subscales
Several subscales were calculated from the survey (Appendix B1). Stated below are
the names of those subscales. After each colon are the items used to compute that
subscale in a factor analysis. Bolded items were reverse coded; these items were entered

into the factor analysis after the reverse-coding was reversed.

* Deficient Processing Theory Factor 1: 1,2, 4,7, 8
* Deficient Processing Theory Factor 2: 4, 5, 6

* Deficient Processing Theory Factor 3: 1, 3, 8

* Wideness Factor: 10, 11, 12, 13

* Informal Strategy Use: 14, 15, 16

* Experience: 18, 20, 21, 22, 23

« Skill: 24, 25, 26, 27, 28
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Appendix E1

Logistic Regression Predicting Success on a Posttest Trial as a Function of Musical
Interval Size and Spaced-Practice Regimen, Controlled for Non-Manipulated Factors

Factor Coefficient SE Z score p
Intercept -1.483 0.064 -23.114 <.001
Pretest 0.589 0.083 7.122 <.001
Deficient Processing Theory -0.150 0.071 -2.102 .036
Informal Strategy Use -0.042 0.070 -0.603 .546
Experience -0.158 0.076 -2.076 .038
Skill 0.432 0.068 6.349 <.001
Spaced-Practice Regimen

0.055 0.005 10.089 <.001
x Musical Interval Size
Pretest
x Spaced-Practice Regimen 0.010 0.009 1.066 286
x Musical Interval Size
Deficient Processing Theory
x Spaced-Practice Regimen -0.010 0.006 -1.859 .063
x Musical Interval Size
Informal Strategy Use
x Spaced-Practice Regimen -0.020 0.005 -3.659 <.001

x Musical Interval Size

(table continues)
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Logistic Regression Predicting Success on a Posttest Trial as a Function of Musical
Interval Size and Spaced-Practice Regimen, Controlled for Non-Manipulated Factors

Factor Coefficient SE Z score p
Experience
x Spaced-Practice Regimen 0.003 0.007 0.439 .661

x Musical Interval Size
Skill
x Spaced-Practice Regimen 0.008 0.005 1.568 A17

x Musical Interval Size

Note. N = 183. Between-participant variance was a random effect, SD = 0.588.
Spacing and musical interval sizes were coded numerically, with larger values
representing larger spacing gaps and larger musical interval sizes. Positive
coefficients on the deficient processing theory variable indicate participant strategy
use in line with the deficient processing theory, and negative coefficients indicate

strategy use in line with interleaving theory.
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Appendix E2

Logistic Regression Models Predicting Success on Posttest Trials on Practice and
Transfer Tone Levels, Controlled for Non-Manipulated Variables

Factor Coefficient SE Z score p

Practice Tone Level

Intercept -1.460 0.071 -20.632 <.001
Pretest 0.516 0.100 5.189 <.001
Deficient Processing Theory -0.156 0.077 -2.025 .042
Informal Strategy Use -0.078 0.075 -1.037 .300
Experience -0.187 0.086 -2.177 .030
Skill 0.480 0.073 6.558 <.001
Spaced-Practice Regimen

0.062 0.007 9.539 <.001
x Musical Interval Size
Pretest x Spaced-Practice Regimen

0.015 0.011 1.311 .190
x Musical Interval Size
Deficient Processing Theory
x Spaced-Practice Regimen -0.004 0.007 -0.607 544
x Musical Interval Size
Informal Strategy Use
x Spaced-Practice Regimen -0.012 0.006 -1.821 .069

x Musical Interval Size

(table continues)
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Logistic Regression Models Predicting Success on Posttest Trials on Practice and
Transfer Tone Levels, Controlled for Non-Manipulated Variables

Factor Coefficient SE Z score p
Experience
x Spaced-Practice Regimen 0.006 0.008 0.727 468

x Musical Interval Size
Skill x Spaced-Practice Regimen

0.002 0.006 0.034 973
x Musical Interval Size

Transfer Tone Level

Intercept -1.594 0.097 -16.370 <.001
Pretest 0.935 0.151 6.175 <.001
Deficient Processing Theory -0.120 0.104 -1.155 248
Informal Strategy Use 0.056 0.101 0.556 578
Experience -0.072 0.107 -0.674 500
Skill 0.312 0.097 3.200 .001
Spaced-Practice Regimen
0.037 0.010 3.664 <.001

x Musical Interval Size
Pretest x Spaced-Practice Regimen

-0.008 0.018 -0.466 .641
x Musical Interval Size
Deficient Processing Theory
x Spaced-Practice Regimen -0.030 0.010 -2.849 .004

x Musical Interval Size

(table continues)
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Logistic Regression Models Predicting Success on Posttest Trials on Practice and

Transfer Tone Levels, Controlled for Non-Manipulated Variables

Factor Coefficient SE Z score p
Informal Strategy Use
x Spaced-Practice Regimen -0.041 0.010 -4.096 <.001
x Musical Interval Size
Experience
x Spaced-Practice Regimen -0.007 0.012 -0.611 541
x Musical Interval Size
Skill x Spaced-Practice Regimen
0.029 0.010 2.903 .004

x Musical Interval Size

Note. N = 183. Between-participant variance was a random effect, SD = 0.566 on the

practice tone level, SD = 0.636 on the transfer tone level. Wider levels of spacing and

larger musical intervals were coded with larger numbers.
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Appendix E3

Logistic Regression Models Predicting Harmonic Practice Group Success on
Harmonic and Melodic Posttest Trials, Controlled for Non-Manipulated Variables

Factor Coefficient SE Z score p

Harmonic Posttest Trials

Intercept -1.635 0.128 -12.734 <.001
Pretest 0.491 0.189 2.604 .009
Deficient Processing Theory -0.309 0.142 -2.169 .030
Informal Strategy Use -0.039 0.133 -0.295 768
Experience 0.712 0.362 1.965 .049
Skill 0.370 0.143 2.584 .010
Spaced-Practice Regimen

0.103 0.013 8.174 <.001
x Musical Interval Size
Pretest
x Spaced-Practice Regimen 0.027 0.021 1.268 205
x Musical Interval Size
Deficient Processing Theory
x Spaced-Practice Regimen -0.006 0.013 -0.454 .650
x Musical Interval Size
Informal Strategy Use
x Spaced-Practice Regimen -0.022 0.012 -1.807 071

x Musical Interval Size

(table continues)
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Logistic Regression Models Predicting Harmonic Practice Group Success on
Harmonic and Melodic Posttest Trials, Controlled for Non-Manipulated Variables

Factor Coefficient SE Z score p
Experience
x Spaced-Practice Regimen 0.020 0.036 0.547 584

x Musical Interval Size

Skill

x Spaced-Practice Regimen -0.006 0.013 -0.434 .664
x Musical Interval Size

Melodic Posttest Trials

Intercept -1.221 0.129 -9.444 <.001
Pretest 0.470 0.182 2.587 .010
Deficient Processing Theory -0.240 0.141 -1.700 .089
Informal Strategy Use -0.165 0.135 -1.226 220
Experience 1.194 0.364 3.277 .001
Skill 0.107 0.145 0.739 460
Spaced-Practice Regimen

0.016 0.012 1.291 197
x Musical Interval Size
Pretest
x Spaced-Practice Regimen 0.009 0.022 0.403 .687
x Musical Interval Size
Deficient Processing Theory
x Spaced-Practice Regimen 0.001 0.013 0.047 963

x Musical Interval Size

(table continues)
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Logistic Regression Models Predicting Harmonic Practice Group Success on
Harmonic and Melodic Posttest Trials, Controlled for Non-Manipulated Variables

Factor Coefficient

SE

Z score p

Informal Strategy Use

x Spaced-Practice Regimen -0.014
x Musical Interval Size

Experience

x Spaced-Practice Regimen -0.083
x Musical Interval Size

Skill

x Spaced-Practice Regimen 0.049

x Musical Interval Size

0.012

0.038

0.014

-1.151 250

-2.200 .028

3.519 <.001

Note. N = 81 Between-participant variance was a random effect, SD = 0.620 on the

harmonic trials, SD = 0.643 on the melodic trials. Wider levels of spacing and larger

musical intervals were coded with larger numbers.
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Appendix E4

Logistic Regression Models Predicting Melodic Practice Group Success on
Harmonic and Melodic Posttest Trials, Controlled for Non-Manipulated Variables

Factor Coefficient SE Z score p

Harmonic Posttest Trials

Intercept -1.753 0.105 -16.746 <.001
Pretest 0.684 0.165 4.144 <.001
Deficient Processing Theory -0.169 0.115 -1.462 144
Informal Strategy Use -0.104 0.113 -0.921 357
Experience -0.102 0.093 -1.095 273
Skill 0.388 0.105 3.706 <.001
Spaced-Practice Regimen

0.084 0.011 7.907 <.001
x Musical Interval Size
Pretest
x Spaced-Practice Regimen 0.009 0.018 0.509 611
x Musical Interval Size
Deficient Processing Theory
x Spaced-Practice Regimen -0.013 0.011 -1.242 214
x Musical Interval Size
Informal Strategy Use
x Spaced-Practice Regimen -0.013 0.010 -1.279 201

x Musical Interval Size

(table continues)
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Logistic Regression Models Predicting Melodic Practice Group Success on
Harmonic and Melodic Posttest Trials, Controlled for Non-Manipulated Variables

Factor Coefficient SE Z score p
Experience
x Spaced-Practice Regimen -0.007 0.010 -0.716 474

x Musical Interval Size
Skill x Spaced-Practice
Regimen 0.004 0.010 0.401 .688
x Musical Interval Size

Melodic Posttest Trials

Intercept -1.222 0.112 -10.909 <.001
Pretest 0.612 0.151 4.064 <.001
Deficient Processing Theory -0.084 0.120 -0.703 482
Informal Strategy Use 0.190 0.117 1.620 105
Experience -0.453 0.129 -3.516 <.001
Skill 0.598 0.111 5.386 <.001
Spaced-Practice Regimen

0.014 0.011 1.314 .189
x Musical Interval Size
Pretest
x Spaced-Practice Regimen -0.001 0.018 -0.075 940
x Musical Interval Size
Deficient Processing Theory
x Spaced-Practice Regimen -0.022 0.011 -2.083 .037

x Musical Interval Size

(table continues)
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Logistic Regression Models Predicting Melodic Practice Group Success on
Harmonic and Melodic Posttest Trials, Controlled for Non-Manipulated Variables

Factor Coefficient SE Z score p

Informal Strategy Use

x Spaced-Practice Regimen -0.042 0.011 -3.981 <.001
x Musical Interval Size

Experience

x Spaced-Practice Regimen 0.028 0.012 2.306 021
x Musical Interval Size

Skill x Spaced-Practice

Regimen 0.006 0.010 0.608 543

x Musical Interval Size

Note. N =102. Between-participant variance was a random effect, SD = 0.523 on
the harmonic trials, SD = 0.629 on the melodic trials. Wider levels of spacing and

larger musical intervals were coded with larger numbers.
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