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ABSTRACT: Several authors have claimed that at least some jazz musicians have
built their improvisations largely from pre-learned patterns. In this exploratory study,
forty-two transcriptions of Paul Chambers’s and Ron Carter’s bass lines were
analyzed to investigate the extent of pattern use in jazz improvisation. Results indicate
that patterns played a less important role in Paul Chambers’s and Ron Carter’s bass
lines compared to results from earlier studies, most of which investigated solos of
Charlie Parker and other saxophone players. Results also indicate that disregarding
overlapping patterns and the metrical location of notes, allowing each note to start any
number of patterns, combining all musical works into a single data set, and requiring
recurring patterns to occur only at least once in two or more musical works can
exaggerate the proportion and the number of recurring patterns. These results support
the view that patterns play an important role in jazz improvisation but indicate that
earlier studies (many of which have removed overlapping patterns but have not
considered other above-mentioned issues) may have overestimated the role of pattern
use in jazz improvisation.
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ACCORDING to a popular view in jazz research, improvisations are composed of non-overlapping
patterns that are retrieved from memory during the improvisation process (Pressing, 1988, 1998). In
contrast to emphasizing the importance of pre-learned patterns, Johnson-Laird (2002) claimed that jazz
improvisations are primarily based on rules or constraints. In an earlier article, Johnson-Laird (1988)
also argued that no one (not even beginners) use pre-learned patterns all the time and claimed that “it is
easier [...] to make up new melodies than to remember a vast array of motifs and to modify them to fit
the chord sequence” (p. 211).

Although musicians may rely more on pre-learned patterns when they are playing in a familiar
context and rely more on their harmonic understanding when playing in a less familiar context
(Goldman, 2013), patterns and other pre-existing materials have several potential benefits in jazz
improvisation. For example, pattern use may allow to allocate attention to other musicians during the
improvisation process (Norgaard et al., 2016). An extensive and highly organized storage of pre-learned
patterns may also lead to better and faster solutions whereas other pre-existing materials (e.g., using a
shared chord progression) may decrease cognitive resources required to select and generate materials for
variation (Pressing, 1998). According to classic motor chunking theory, the number of transitions
between subsequent actions decreases with the acquisition of motor chunks and leads to faster execution
of movement sequences and freed cognitive resources (Schmidt & Wrisberg, 2004; Thompson et al.,
2019). Assuming that patterns are learned and retrieved from memory as chunks, these benefits also
apply to pattern use.

Several studies have given empirical support to the notion that pre-learned patterns play an
important role in jazz improvisation. Arguing that patterns are the building blocks of Charlie Parker’s
improvisations, Owens (1974) found 97 recurring melodic patterns that formed 64 pattern categories in
his extensive study of about 250 solos by saxophonist Charlie Parker. The proportion of notes that started
a recurring pattern at any metrical location or the proportion of notes contained in recurring melodic
patterns were not reported. More recently, Weisberg et al. (2004) found 3,395 patterns that contained
three or more intervals and occurred at least twice in six solos by Charlie Parker, 797 patterns that
contained three or more intervals and occurred at least twice in four solos by saxophonist Lester Young,
and 308 patterns that contained three or more intervals and occurred at least twice in only one solo by
electric bassist Jaco Pastorius. When considering only 4-interval patterns, the authors found 458
recurring interval patterns in Charlie Parker’s solos, 217 recurring interval patterns in Lester Young’s
solos, and 60 recurring interval patterns in Jaco Pastorius’s solo (considering only 3-interval patterns,
the number of recurring interval patterns was 385 in Parker’s solos, 255 in Young’s solos, and 84 in
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Pastorius’s solo). The authors also reported that the average proportion of notes contained in recurring
4-interval patterns was 90% in Charlie Parker’s six solos, 74% in Lester Young’s four solos, and 51% in
Jaco Pastorius’s solo (Weisberg et al., 2004). Note that Weisberg and colleagues found a much larger
number of recurring melodic patterns compared to Owens (1974) even though they used a much smaller
sample of solos.

Most recent studies have supported the view that recurring melodic patterns are extensively used
in jazz improvisation. According to Norgaard (2014), 82.6% of notes started a recurring 4-interval
pattern at any metrical location and 99.3% of notes were contained in interval patterns that included at
least three intervals and occurred at least twice in a sample of forty-eight solos by Charlie Parker. In
another study, Stehr (2016) investigated pattern use in six solos by Charlie Parker and found 44 pitch
patterns that occurred at least once in all solos. In comparison, Stehr found nine pitch patterns that were
played in all four solos by saxophonist Lee Konitz and only one pitch pattern that was played in all three
solos by saxophonist Warne Marsh. The number of pitch patterns that occurred at least once in two or
more solos was 2,497 in Charlie Parker’s solos, 643 in Lee Konitz’s solos, and 48 in Warne Marsh’s
solos. In this study, Stehr searched for pitch patterns with at least five notes.

Frieler (2018) investigated a sample of 56 solos by Charlie Parker and found 5,216 recurring
interval patterns and 3,864 recurring pitch patterns. Even when recurring patterns were required to occur
in at least six solos, the number of recurring interval patterns was 2,123 and the number of recurring
pitch patterns was 2,030. Recurring patterns that contained at least three intervals and occurred in at least
two solos covered almost all data (a precise proportion not given), which suggests that Parker’s solos
were basically composed of recurring patterns only. Norgaard and Romer (2022) investigated pattern
use in the Weimar Jazz Database and found that the proportion of notes that started a recurring 4-interval
pattern at any metrical location ranged from 41.6% to 63.4% in saxophone solos by Michael Brecker,
Steve Coleman, John Coltrane, David Liebman, Charlie Parker, Sonny Rollins, and Wayne Shorter, as
well as trumpet solos by Miles Davis (the minimum number of solos per musician was ten). Recently,
Norgaard et al. (2023) investigated pattern use in piano improvisations by Kevin Bales and other jazz
pianists. According to this study, the proportion of notes that started a recurring 4-interval pattern at any
metrical location was 71.8% in Kevin Bales’s improvisations and 80.5% in the improvisations of the
other jazz pianists.

Nurmi (2023) investigated pattern use in Paul Chambers’s and Ron Carter’s bass lines when
rhythm and subdivision-level differences in melody were removed and found that 16.8% of recurring
4-note chordal pitch class patterns occurred at least twice in two or more bass lines (which means that
83.2% of recurring 4-note chordal pitch class patterns occurred at least twice in only one bass line) and
covered 41.2% of data in Paul Chambers’s bass lines. In Ron Carter’s bass lines, 11.2% of recurring
4-note chordal pitch class patterns occurred at least twice in two or more bass lines and covered 13.4%
of data. A chordal pitch class pattern refers to a sequence of notes with octave equivalence coded in
reference to the current chord (e.g., C, E and G are coded as the root, a major third, and a perfect fifth
when the current chord is a C major). Subdivision-level differences in melody refer to “any difference
between melodic patterns that still shared the same underlying interval structure at the beat level”
(Nurmi, 2023, p. 117). Since removing these differences may sometimes lead to excluding a large
proportion of notes in bass lines at slow tempos, I preferred to use the term ‘subdivision-level differences
in melody’ instead of the term ‘small differences in melody’ (used in Nurmi, 2023) in this article.

Although the results from Nurmi (2023) indicate that pre-learned patterns were used to a lesser
extent in Paul Chambers’s and Ron Carter’s bass lines compared to results from earlier studies (all of
which have focused on solos), several factors preclude the direct comparison between these results and
results from earlier studies. These include instrument (e.g., double bass vs. saxophone), differences in
the length of analyzed bass lines or solos, and not using the same method of measurement to investigate
pattern use in bass lines and solos. The proportion of notes that started a recurring pattern at any metrical
location (which is often used to measure pattern use in jazz solos) was reported in Nurmi (2023), but
overlapping patterns were not effectively removed in this study except when calculating the average
length of recurring melodic patterns. It is also important to note that the number of times a specific
melodic pattern occurred in a particular bass line was calculated using the following procedure: (1) the
number of occurrences of each melodic pattern was calculated separately in each harmonic rhythm
category (one chord per bar harmonic rhythm, one chord per two bars harmonic rhythm, and two chords
per bar harmonic rhythm) and then (2) the number of times each melodic pattern occurred in each
harmonic rhythm category was summed to find out how many times each melodic pattern occurred in
the same bass line. A limitation of this calculation method is that it may underestimate the proportion of
recurring melodic patterns.

In Nurmi (2023), the main aim of the study was to investigate pattern use and the relationship
between time constraints (operationalized as tempo and harmonic rhythm) and the repetition and entropy
of melodic patterns. Harmonic rhythm was not taken into account when investigating pattern use to avoid
substantially increasing the number of analyses. Although harmonic rhythm influences both bass playing
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and soloing, there are no studies that have investigated whether harmonic rhythm influences the extent
of pattern use. As a difference between analysis of bass lines and solos, bass lines allow to use a
mechanical approach to group successive notes into patterns where the first note of each bar is always
the first note of a pattern (see Nurmi, 2023, pp. 110-113), which is not an appropriate grouping method
with solos (Nurmi, 2023). Instead, the proportion of notes that started a recurring interval pattern at any
metrical location (Norgaard, 2014; Norgaard & Rémer, 2022; Norgaard et al., 2023) and the proportion
of elements contained in recurring patterns at any metrical location (Frieler, 2018; Norgaard, 2014;
Weisberg et al., 2004) can be used to analyze pattern use in both solos and bass lines. In contrast to
chordal pitch class patterns (where each note is coded in reference to the current chord), the current
chord is not taken into account with interval patterns (interval patterns only contain information about
the number of semitones between each pair of notes).

The aim of the current study was to investigate the extent of pattern use in Paul Chambers’s and
Ron Carter’s bass lines from the 1950s and 1960s and to provide an analysis of methods used in earlier
studies. This study extends on my previous work (Nurmi, 2023) by examining basically the same data
(one bar from the original data was removed) using a revised method and additional measures. The
research questions were: (1) What is the total number of recurring melodic patterns that occurred at least
twice in either one or more bass lines or in two or more bass lines by the same musician? (2) What is the
proportion of recurring melodic patterns that occurred at least twice in two or more bass lines by the
same musician? (3) What is the proportion of data covered by melodic patterns that occurred at least
twice in two or more bass lines by the same musician? (4) To what extent do the results differ depending
on whether overlapping patterns were removed or not, whether pattern coverage (i.e., the proportion of
elements contained in recurring patterns at any metrical location) was used as a measure of pattern use
or not, whether the research material was either combined into a single data set or analyzed separately,
and whether the metrical location of notes was disregarded or not?

Except for Nurmi (2023), previous studies on pattern use in jazz improvisation have considered
solos only. The current results contribute to research on pattern use in jazz improvisation by analyzing
bass lines (the role of which is usually to keep time and add low notes to harmony) instead of solos and
by providing an analysis of methods used in previous studies. The results are relevant for understanding
the relative importance between pre-learned patterns (Pressing, 1988, 1998) and constraints (Johnson-
Laird, 1988, 2002) in the creativity of eminent jazz musicians. The results also add to existing research
on similarities and differences between language and music (for a review, see Temperley, 2022).

METHOD

Material

SELECTION AND COLLECTION OF RESEARCH MATERIAL

The current research was conducted by analyzing bass line transcriptions from two eminent jazz bassists.
The bassists were selected based on their participation in critically acclaimed and highly well-known
jazz albums and their influence on the history of jazz. Using the same criteria, a number of other eminent
bassists could have been selected as well (e.g., Ray Brown, Oscar Pettiford, and Sam Jones, to name a
few). The research material consisted of thirty bass lines by Paul Chambers and twelve bass lines by
Ron Carter. Paul Chambers (1935-1969) recorded more than three hundred albums during his
unfortunately short career, including many highly well-known and critically acclaimed classic albums
such as Miles Davis’s Kind of Blue (1959) and John Coltrane’s Giant Steps (1959) (Palmer, 2012). Ron
Carter (b. 1937), most famous for his recordings with the Miles Davis Quintet between 1963 and 1968,
has received numerous awards and has played in more than 2,000 recordings including a number of jazz
classics (Ouellette, 2013).

Paul Chambers’s bass lines were recorded between 1956 and 1964 and included 6,745 bars of
transcriptions (27,750 notes before the reduction process and 26,980 notes after the reduction process).
Ron Carter’s bass lines were recorded between 1961 and 1968 and included 2,589 bars of transcriptions
(11,502 notes before the reduction process and 10,356 notes after the reduction process). Except for one
excluded bar from Paul Chambers’s bass line for So What, the research material was the same as in
Nurmi (2023). The average duration of analyzed bass lines was 4 minutes and 39 seconds (median: 3
minutes and 58 seconds) in Paul Chambers’s bass lines and 4 minutes and 42 seconds (median: 4 minutes
and 16 seconds) in Ron Carter’s bass lines. In comparison, the median duration of transcribed solos in
the Weimar Jazz Database is 1 minute and 27 seconds (Pfleiderer, 2017), which highlights one of the
benefits of analyzing bass lines instead of solos: bass lines offer much more data from each recording.
Selected bass lines varied in their rhythmic and harmonic complexity, from straight-ahead walking bass
lines (usually based on quarter notes with little rhythmic variation and little use of harmonic freedom)
to rhythmically adventurous broken time bass lines (which emphasize rhythmically free playing and a
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high level of harmonic freedom). For a list of transcribed bass lines used in this study, see Nurmi (2023,
pp. 98-99).

Seventeen out of the forty-two bass lines were transcribed by the author. The other transcriptions
were collected from various sources (Benning, 2018-2020; Bierma, 2019; Fink, 2009-2012; Gregor,
2018; Herridge, 2020; Jazz Bass Transcriptions, 2021; Kolarczyk, 2013; Nabuurs, 2017; Skinner, 2016).
The following sheet music was used for chord progressions in bass lines transcribed by the author: Hal
Leonard (2004), Sher Music (1988, 1991, 1995), Waters (2011) and Wetzel (1996). To ensure reliability
of the research material, all bass lines were checked for accuracy at least twice. Bass solos, bars including
inaudible notes, pre-composed material or parts of bass lines based on repeated riffs (e.g., Paul
Chambers’s bass line for the head section in So What), and parts of bass lines that primarily contained
half notes (e.g., Ron Carter’s bass line for the head section in E.S.P.) were excluded using the procedure
proposed by Nurmi (2023, p. 100). The length of analyzed bass lines by Paul Chambers ranged from 95
to 465 bars (M = 224.83, SD = 96.88) and the length of analyzed bass lines by Ron Carter ranged from
104 to 310 bars (M =215.75, SD = 69.13).

REDUCTION PROCESS

To compensate for the small number of analyzed bass lines by the same musician, rhythm and
subdivision-level differences in melody were removed with the reduction procedure used in Nurmi
(2023, p. 114) with one modification: with double-stops including the root (as the lower voice) and the
perfect fifth of the chord (as the upper voice), the upper voice was disregarded instead of the lower voice.
After the reduction process (which converts all note durations to quarter notes based on the metrical
location of notes) (see Nurmi, 2023, p. 114), all bass lines were coded as strings of chordal pitch classes
(where melodic direction, interval size, and harmonic context are considered) and strings of intervals
(where only melodic direction and interval size are considered).

It is important to note that patterns can be modified during the improvisation process (Frieler et
al., 2018; Norgaard et al., 2023; Owens, 1974). If variations of pre-learned ideas could not be created
during the improvisation process, jazz musicians would be required to learn a huge storage of patterns
to avoid excessive repetition of patterns (see Christensen et al., 2019). As a result, the number of patterns
required to improvise fluently would be much greater if pre-learned patterns could not be modified
during the improvisation process. Although most studies on pattern use in jazz improvisation are based
on analyzing interval patterns (which can be transposed to a different pitch level without changing the
interval structure and therefore do not require exact replication in terms of pitch), reductions allow more
room for variation by allowing patterns with different notes at the subdivision-level to be categorized as
the same pattern as long as they share the same notes at the beat-level.

Data Analysis

The aim of the current study was to investigate (1) to what extent Paul Chambers and Ron Carter repeated
the same chordal pitch class patterns and interval patterns in their bass lines, and (2) to what extent the
results differ depending on whether overlapping patterns were removed or not, whether pattern coverage
(the proportion of elements contained in recurring patterns at any metrical location) was used as a
measure of pattern use or not, whether all bass lines were combined into a single data set or analyzed
separately, and whether the metrical location of notes was disregarded or not.

To achieve the first aim of the study, the following questions were answered: (1) What is the
total number of recurring melodic patterns that occurred at least twice in either one or more bass lines
or two or more bass lines by the same musician? (2) What is the proportion of recurring melodic patterns
that occurred at least twice in two or more bass lines by the same musician? (3) What is the proportion
of data covered by melodic patterns that occurred at least twice in two or more bass lines by the same
musician? In addition, the number of different chordal pitch classes and intervals was reported to find
out how many of all possible chordal pitch classes or intervals were actually used in analyzed bass lines
(which was considered to provide useful basic statistics of the data). In each of these analyses, all patterns
were required to start at the first beat of a bar. The analysis was restricted to chordal pitch class patterns
with two to four notes and interval patterns with one to three intervals. The identification of chordal pitch
class patterns was performed manually. MeloSpyGUI (AbeBer et al., 2018) was used to identify interval
patterns from MIDI files. Rhythm and subdivision-level differences in melody were removed using the
reduction process outlined earlier. For the rest of this article, the term ‘bass line reduction’ is used to
refer to bass lines where rhythm and subdivision-level differences in melody were removed.

The total number of recurring melodic patterns that occurred at least twice in either one or more
bass lines or two or more bass lines by the same musician was calculated using a pattern calculator for
Python programmed by the author (also used when calculating the proportion of recurring melodic
patterns and the proportion of data covered by recurring melodic patterns).
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The proportion of recurring melodic patterns that occurred at least twice in two or more bass
line reductions was calculated according to the formula below, where ‘a’ is the total number of different
melodic patterns that occurred at least twice in two or more bass line reductions by the same musician
and ‘b’ is the total number of different melodic patterns that occurred at least twice in one or more bass
line reductions by the same musician. Note that ‘a’ is a subset of ‘b’.

a
fo=7x100

The proportion of data covered by melodic patterns that occurred at least twice in two or more
bass line reductions was calculated according to the following formula, where ‘c’ is the total number of
instances of melodic patterns that occurred at least twice in two or more bass line reductions by the
same musician and ‘d’ is the total number of instances of melodic patterns in all bass line reductions by
the same musician. Note that ‘c’ is a subset of ‘d’.

f, == x 100

Ul o

To calculate the probability that equal or greater results could have occurred by chance, a
randomization test was conducted using Python code written by the author. All melodic patterns that
occurred in any bass line reduction by the same musician were included in a list of possible values. New
bass lines were then created by choosing random patterns from this list (each pattern was allowed to
occur multiple times). The length of each randomly generated bass line was the same as that of the
original bass line reduction. For example, if a bass line reduction contained one hundred 4-note melodic
patterns, a randomly generated bass line also contained one hundred 4-note melodic patterns. When all
randomly generated bass lines were created, the program calculated the proportion of recurring melodic
patterns that occurred at least twice in two or more bass lines by the same musician and the proportion
of data covered by melodic patterns that occurred at least twice in two or more bass lines by the same
musician. This test was repeated 5,000 times. After all tests were performed, the program calculated (1)
the proportion of replicates that gave an equal or larger proportion of recurring melodic patterns that
occurred at least twice in two or more randomly generated bass lines compared to the observed results
and (2) the proportion of replicates that gave an equal or larger proportion of data covered by melodic
patterns that occurred at least twice in two or more randomly generated bass lines compared to the
observed results.

Analysis of Methods Used in Previous Studies

The second aim of the study was to investigate how the choice of methods may have influenced the
results of previous studies. To achieve this aim, I examined to what extent the results differed depending
on whether overlapping patterns were removed or not, whether pattern coverage was used as a measure
of pattern use or not, whether the research material was combined into a single data set or analyzed
separately, and whether the metrical location of notes was disregarded or not. In each analysis, rhythm
and subdivision-level differences in melody were removed using the reduction process outlined earlier.
The analysis was restricted to interval patterns only. Most previous studies have used either the
proportion of notes that started a recurring interval pattern at any metrical location (Norgaard, 2014;
Norgaard & Romer, 2022; Norgaard et al., 2023; Nurmi, 2023) or the proportion of elements contained
in recurring patterns at any metrical location (Frieler, 2018; Norgaard, 2014; Weisberg et al., 2004) to
investigate pattern use in jazz improvisation. Despite these similarities, there are various factors (e.g.,
whether the metrical location of notes was disregarded or not) which may influence the results.

CONSEQUENCES OF NOT REMOVING OVERLAPPING PATTERNS

The consequences of overlapping patterns were examined by comparing the average proportion of notes
that started an interval pattern that occurred at least twice at any metrical location in the same bass line
reduction (1) using the database mode in MeloSpyGUI (in which case overlapping patterns were not
removed) and (2) the partition mode in MeloSpyGUI (in which case overlapping patterns were removed)
using the following settings: the minimum length of patterns was three intervals and the minimum
number of occurrences was two. All bass line reductions were analyzed separately, and the results were
then averaged (i.e., the number of sources was one). All duplicates from the metrical position list were
removed, which means that each note was allowed to start only a single pattern. If these duplicates are
not removed, the proportion of notes that started a recurring pattern at any metrical location could exceed
100%. After removing duplicates from the metrical position list, all patterns contained three intervals.
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CONSEQUENCES OF USING PATTERN COVERAGE AS A MEASURE OF PATTERN USE

The consequences of using pattern coverage (the proportion of elements contained in recurring patterns
at any metrical location) as a measure of pattern use were examined by comparing pattern coverage
(where each note was allowed to start one or more patterns and the metrical location of notes was
disregarded) with the proportion of data covered by patterns that occurred at least twice in one or more
bass line reductions or at least once in two more bass line reductions (where each note was only allowed
to start a single pattern and all patterns were required to start at the first beat of a bar). Overlapping
patterns were removed in both analyses and had no effect on the results. Pattern coverage was calculated
using the partition mode in MeloSpyGUI (see Frieler, 2017, p. 83). When the number of sources was
one, pattern coverage was calculated separately for each bass line reduction. The proportion of data
covered by recurring patterns was calculated using Python code programmed by the author.

CONSEQUENCES OF COMBINING THE RESEARCH MATERIAL INTO A SINGLE DATA SET

The consequences of combining all bass line reductions into a single data set were examined by
comparing (1) the proportion of notes that started a recurring 3-interval pattern at any metrical location
when all bass line reductions by the same musician were combined into a single data set and overlapping
patterns were not removed (calculated using the database mode in MeloSpyGUI), (2) the proportion of
notes that started a recurring pattern at any metrical location and contained three or more intervals when
all bass line reductions by the same musician were combined into a single data set and overlapping
patterns were removed (using the partition mode in MeloSpyGUI), (3) the average proportion of notes
that started a recurring 3-interval pattern at any metrical location (where all bass line reductions by the
same musician were analyzed separately and overlapping patterns were not removed; using the database
mode in MeloSpyGUI), and (4) the average proportion of notes that started a recurring pattern at any
metrical location and contained three or more intervals (where all bass line reductions by the same
musician were analyzed separately and overlapping patterns were removed; using the partition mode in
MeloSpyGUI). In each case, each note was only allowed to start a single pattern (all duplicates from the
metrical position list were removed).

CONSEQUENCES OF DISREGARDING THE METRICAL LOCATION OF NOTES

The consequences of disregarding the metrical location of notes were examined by calculating the
proportion of notes that started one or more patterns that occurred at least once in two or more bass line
reductions at any metrical location (1) when the metrical location of notes was disregarded (which means
that instances of the same pattern were allowed to start from different metrical locations) and each note
was allowed to start one or more patterns and (2) when patterns were considered to be similar only if
they shared the same sequence of intervals and started from the same metrical location. These analyses
were performed using the partition mode in MeloSpyGUI and Python code written by the author (used
to calculate the proportion of notes that started one or more patterns at any metrical location when all
instances of the same pattern were required to start from the same metrical location). In each analysis,
overlapping patterns were removed, the minimum length of patterns was three intervals, the minimum
number of occurrences was two, and the minimum number of sources was two. When all instances of
the same pattern were required to start from the same metrical location, all values in the metrical position
and value columns (in the results file produced with MeloSpyGUI) were combined into a single column,
which allows to take into account both variables at once. It is important to note that the partition mode
only requires that recurring patterns occur at least once in two or more musical works when the minimum
number of sources is two. Similarly, when the minimum number of occurrences is three, the partition
mode gives a list of patterns that occurred at least three times in all musical works together (which means
that a pattern does not have to occur at least three times in any single musical work).

I also compared the total number of different interval patterns that occurred at least once in two
or more bass line reductions (1) when overlapping patterns were removed and all instances of the same
pattern were required to start from the same metrical location and (2) when overlapping patterns were
removed but all instances of the same pattern were not required to start from the same metrical location
with (3) the total number of different interval patterns that occurred at least twice in two or more bass
line reductions when there were no overlapping patterns and all patterns were required to start from the
first beat of a bar. In each analysis, the minimum number of occurrences was either one or two, the
minimum number of sources was two, and pattern length was either three intervals or three or more
intervals. The total number of different recurring interval patterns was calculated using the partition
mode in MeloSpyGUI (in which case, all duplicates from the values column were removed) and Python
code programmed by the author (used when all patterns were required to start from the first beat of a bar
and when all instances of the same pattern were required to start from the same metrical location).
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RESULTS

Number of Different Chordal Pitch Classes and Intervals Used in the Research Material

With chordal pitch class patterns (where each note was coded in reference to the current chord), five
possible relationships between any pair of notes and their melodic direction were considered: repetition
of the same note (twelve possible relationships between any pair of notes in chromatic scale), ascending
or descending melodic direction where the interval between two subsequent notes was less than one
octave (twelve possible relationships with ascending melodic direction and twelve possible relationships
with descending melodic direction), and ascending or descending melodic direction where the interval
between two subsequent notes was more than one octave (twelve possible relationships with ascending
melodic direction and twelve possible relationships with descending melodic direction). With chordal
pitch class patterns, intervals larger than two octaves were not distinguished from intervals larger than
one octave. As a result, the number of possible chordal pitch classes is 60 (which could be used to
generate 60* = 12,960,000 different 4-note chordal pitch class patterns). The number of different chordal
pitch classes that were actually used in Paul Chambers’s bass line reductions was 50 (ascending and
descending diminished twelfth, ascending and descending minor thirteenth, ascending major thirteenth,
ascending major fourteenth, descending minor ninth, descending minor tenth, descending perfect
eleventh, and descending minor fourteenth were not used in Paul Chambers’s bass line reductions) and
59 in Ron Carter’s bass line reductions (the only chordal pitch class not used in any bass line reduction
by Ron Carter was descending minor fourteenth).

With interval patterns (which present the number of semitones between each pair of notes), all
possible relationships between any pair of notes and their melodic direction were considered: repetition
of the same note, ascending or descending melodic direction where the interval between two subsequent
notes was less than one octave, ascending or descending melodic direction where the interval between
two subsequent notes was more than one octave but less than two octaves, and so on. When considering
intervals with 36 half steps at maximum, the number of possible intervals is 73 (36 possible ascending
intervals, 36 possible descending intervals, and the repetition of the same note), which could be used to
generate 73% = 389,017 different 3-interval patterns. The number of different intervals actually used was
43 in Paul Chambers’s bass line reductions (the size of the largest ascending or descending interval was
27 half steps) and 51 in Ron Carter’s bass line reductions (the size of the largest ascending or descending
interval was 31 half steps).

Proportion of Recurring Melodic Patterns and Proportion of Data Covered by Recurring
Melodic Patterns

In Paul Chambers’s bass line reductions, 29.42% of recurring 4-note chordal pitch class patterns occurred
at least twice in two or more bass line reductions and covered 46.69% of data. In Ron Carter’s bass line
reductions, 17.89% of recurring 4-note chordal pitch class patterns occurred at least twice in two or more
bass line reductions and covered 18.54% of data. Both the proportion of recurring melodic patterns that
occurred at least twice in two or more bass line reductions and the proportion of data covered by melodic
patterns that occurred at least twice in two or more bass line reductions were greater when analyzing
interval patterns compared to when analyzing chordal pitch class patterns. In Paul Chambers’s bass line
reductions, 43.69% of recurring 3-interval patterns occurred at least twice in two or more bass lines and
covered 62.98% of data. In Ron Carter’s bass line reductions, 30.04% of recurring 3-interval patterns
occurred at least twice in two or more bass lines and covered 31.05% of data. All results from analyses
of 4-note chordal pitch class patterns and 3-interval patterns were equal or greater than expected by
chance (p <.001). See Tables 1 and 2 for full results.

These results differ from Nurmi (2023), although both studies used basically the same research
material (the only difference was that one bar from the original research material was excluded in the
current study). The difference between the results was caused by the fact that Nurmi (2023) used a
calculation method in which the number of times a specific melodic pattern occurred in a bass line
reduction was first calculated separately in each harmonic rhythm category, and then the number of times
each melodic pattern occurred in each harmonic rhythm category was summed to determine how many
times each melodic pattern occurred in the same bass line reduction. The problem with this calculation
method is that it can underestimate the proportion of recurring melodic patterns.

Both the proportion of recurring melodic patterns that occurred at least twice in two or more
bass line reductions and the proportion of data covered by melodic patterns that occurred at least twice
in two or more bass line reductions increased as pattern length decreased (see Figures 1 and 2). The
proportion of recurring 2-note chordal pitch class patterns and the proportion of recurring 1-interval
patterns ranged from 51.39% to 82.76%, indicating that a large proportion of patterns started with a
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limited number of note choices. Also note that 56.31% to 70.58% of recurring patterns with four notes
or three intervals occurred at least twice in only one bass line reduction by Paul Chambers, and 69.96%
to 82.11% of patterns with four notes or three intervals occurred at least twice in only one bass line
reduction by Ron Carter, depending on the type of melodic pattern. This shows that most recurring
melodic patterns occurred in only one bass line reduction rather than across different bass line reductions
and supports Frieler’s (2014) finding that recurring melodic patterns usually occurred in the same solo
rather than across several solos.

Table 1. Total number and proportion of recurring chordal pitch class patterns.

4 notes 2 3 notes ? 2 notes ? 4 notes® 3 notes® 2 notes®
patterns 1 183 167 98 44 71 74
patterns 2 622 372 130 246 229 144
instances 1 3149 4726 6082 480 1088 1972
instances 2 6745 6745 6745 2589 2589 2589
% patterns 29.42% 44.89% 75.38% 17.89% 31.00% 51.39%
(70.58%)  (55.11%)  (24.62%)  (82.11%)  (69.00%)  (48.61%)
p <.001 p=.013 p>.99 p <.001 p <.001 p>.99
% data 46.69% 7007%  90.17%  18.54%  42.02%  76.17%
p <.001 p <.001 p <.001 p <.001 p <.001 p <.001

Note. patterns 1 = total number of different chordal pitch class patterns that occurred at least twice in
two or more bass line reductions by the same musician; patterns 2 = total number of different chordal
pitch class patterns that occurred at least twice in one or more bass line reduction by the same musician;
instances 1 = total number of instances of chordal pitch class patterns that occurred at least twice in two
or more bass line reductions by the same musician; instances 2 = total number of instances of chordal
pitch class patterns in all bass line reductions by the same musician; % patterns = proportion of recurring
chordal pitch class patterns that occurred at least twice in two or more bass line reductions by the same
musician (proportion of recurring chordal pitch class patterns that occurred at least twice in only one
bass line reduction by the same musician is shown in brackets); % data = proportion of data covered by
chordal pitch class patterns that occurred at least twice in two or more bass line reductions by the same
musician. ® Paul Chambers’s bass line reductions. ® Ron Carter’s bass line reductions.

Table 2. Total number and proportion of recurring interval patterns.

3intervals®  2intervals® 1interval® 3 intervals® 2 intervals® 1 interval®

patterns 1 187 110 24 73 78 22

patterns 2 428 174 29 243 162 36

instances 1 4248 5724 6644 804 1723 2502

instances 2 6745 6745 6745 2589 2589 2589

% patterns  43.69% 63.22% 82.76% 30.04% 48.15% 61.11%
(56.31%) (36.78%) (17.24%) (69.96%) (51.85%) (38.89%)
p <.001 p>.99 p>.99 p <.001 p=.92 p>.99

% data 62.98% 84.86% 98.50% 31.05% 66.55% 96.64%
p <.001 p <.001 p>.99 p<.001 p <.001 p>.99

Note. patterns 1 = total number of different interval patterns that occurred at least twice in two or more
bass line reductions by the same musician; patterns 2 = total number of different interval patterns that
occurred at least twice in one or more bass line reduction by the same musician; instances 1 = total
number of instances of interval patterns that occurred at least twice in two or more bass line reductions
by the same musician; instances 2 = total number of instances of interval patterns in all bass line

43



Empirical Musicology Review Vol. 20, No. 1, 2025

reductions by the same musician; % patterns = proportion of recurring interval patterns that occurred at
least twice in two or more bass line reductions by the same musician (proportion of recurring interval
patterns that occurred at least twice in only one bass line reduction by the same musician is shown in
brackets); % data = proportion of data covered by interval patterns that occurred at least twice in two or
more bass line reductions by the same musician. * Paul Chambers’s bass line reductions. ® Ron Carter’s
bass line reductions.

(a)
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75.38
80 70.07
70
S 60
5 50 44.89 46.69
3
= 40
o 29.42
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0
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H % patterns m % data
(b)
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70 63.22 62.98
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S 50 43.69
s
5 40
30
20
10
0
linterval 2 intervals 3intervals
H % patterns m % data

Fig. 1. Effects of pattern length on proportion of recurring patterns in Paul Chambers’s bass line
reductions: (a) chordal pitch class patterns and (b) interval patterns. % patterns = proportion of recurring
melodic patterns that occurred at least twice in two or more bass line reductions by the same musician;
% data = proportion of data covered by melodic patterns that occurred at least twice in two or more bass
line reductions by the same musician.
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Fig. 2. Effects of pattern length on proportion of recurring patterns in Ron Carter’s bass line reductions:
(a) chordal pitch class patterns and (b) interval patterns. % patterns = proportion of recurring melodic
patterns that occurred at least twice in two or more bass line reductions by the same musician; % data =
proportion of data covered by melodic patterns that occurred at least twice in two or more bass line
reductions by the same musician.

Analysis of Methods Used in Previous Studies

CONSEQUENCES OF NOT REMOVING OVERLAPPING PATTERNS

The average proportion of notes that started a 3-interval pattern occurring at least twice at any metrical
location in the same bass line reduction was about 17 to 36 percentage points greater when overlapping
patterns were not removed compared to when they were removed (see Table 3).

45



Empirical Musicology Review Vol. 20, No. 1, 2025

Table 3. Consequences of not removing overlapping patterns.

% notes ? range + SD ? % notes ° range + SD °
overlapping 76.07% min.: 58.28% 54.53% min.: 29.09%
patterns not max.: 90.54% max.: 72.64%
removed SD =28.79 SD=1242
overlapping 39.93% min.: 26.39% 37.58% min.: 22.36%

max.: 49.85%
SD =5.82

max.: 49.83%
SD=17.39

patterns removed

Note. % notes = average proportion of notes that started a 3-interval pattern that occurred at least twice
at any metrical location in the same bass line reduction. * = Paul Chambers’s bass line reductions.
b= Ron Carter’s bass line reductions.

CONSEQUENCES OF USING PATTERN COVERAGE AS A MEASURE OF PATTERN USE

Pattern coverage analysis indicated a much greater extent of pattern use compared with results based on
the average proportion of data covered by recurring patterns that started on the first beat of a bar. The
average pattern coverage (when the number of sources was one) gave similar results to the proportion
of data covered by recurring interval patterns that started on the first beat of a bar (see Table 4).

Table 4. Consequences of using pattern coverage as a measure of pattern use.

Paul Chambers’s bass line
reductions

Ron Carter’s bass line
reductions

average pattern coverage
(number of sources: 1)

average pattern coverage

(minimum number of sources: 1)

average pattern coverage

(minimum number of sources: 2)

average proportion of data
(number of sources: 1)

average proportion of data

90.54% (79.50% to 97.50%)
SD =4.61

99.21% (97.60% to 100%)
SD =0.67

98.68% (95.70% to 99.80%)
SD =1.05

71.72% (48.42% to 90.69%)
SD=10.87

61.76% (42.86% to 82.15%)
SD =10.06

76.70% (54.00% to 90.00%)
SD=9.77

95.17% (89.20% to 98.40%)
SD =3.00

92.18% (84.80% to 97.70%)
SD =4.43

48.99% (22.12% to 64.02%)
SD =12.69

29.73% (10.58% to 47.47%)
SD=10.27

(number of sources: 2)

proportion of data (min. sources: 1) 92.10% 71.42%

Note. Average pattern coverage = average proportion of elements contained in patterns that occurred at
least twice at any metrical location and contained three or more intervals; average proportion of data =
average proportion of data covered by 3-interval patterns that started at the first beat of a bar and occurred
at least twice in one or more bass line reductions; proportion of data = proportion of data covered by 3-
interval patterns that started at the first beat of a bar and occurred at least twice in the same bass line
reduction or at least once in two or more bass line reductions. Range is shown in brackets.

A potential explanation for the difference between these results is that pattern coverage does
not distinguish between patterns that share the same intervals but start from a different metrical location,
and it also allows each note to start any number of patterns. Overlapping patterns were removed in all
analyses and had no effect on the results. However, these results should be considered with caution
because the methods of measurement did not use the same pattern length (3-interval patterns were
compared with patterns that contained three or more intervals) or, in some cases, the same number of
sources (e.g., data where the minimum number of sources was two was compared with data where the
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number of sources was two). Another issue is that patterns allowed to start at any metrical location were
compared with patterns that were required to start on the first beat of a bar.

CONSEQUENCES OF COMBINING THE RESEARCH MATERIAL INTO A SINGLE DATA SET

When overlapping patterns were not removed, the proportion of notes that started an interval pattern that
occurred at least twice at any metrical location was about 19 to 26 percentage points greater when all
bass line reductions were combined into a single data set compared to when each bass line reduction was
first analyzed separately and the results were then averaged. When overlapping patterns were removed,
the proportion of notes that started an interval pattern that occurred at least twice at any metrical location
was about 30 percentage points greater when all bass line reductions were combined into a single data
set compared to when each bass line reduction was first analyzed separately and the results were then
averaged. See Table 5 for full results.

These results indicate that combining all musical works into a single data set may overestimate
the proportion of recurring patterns simply because recurring patterns are only required to occur either
at least once in two or more musical works or at least twice in the same musical work (instead of at least
twice in the same musical work or at least twice in two or more musical works) when all musical works
are combined into a single data set. Note also that the plausibility that a pattern was pre-learned and
retrieved from memory during the improvisation process increases with the number of times a pattern
occurs in the same musical work, the number of times a pattern occurs across different musical works,
and the length of the recurring pattern (Nurmi, 2023, p. 113; see also Frieler, 2020, p. 139). If a short
pattern occurs only once in two or more musical works, there is little evidence to support the claim that
this pattern was pre-learned and retrieved from memory during the improvisation process.

Table 5. Consequences of combining all bass line reductions by the same musician into a single data set.

% notes (three intervals) % notes (three or more intervals)
combined into bass line reductions  combined into bass line reductions
asingle data set analyzed separately  a single data set analyzed separately
(overlapping (overlapping patterns (overlapping (overlapping patterns
patterns not not removed) patterns removed)
removed) removed)

Paul Chambers  95.14% 76.07% n/a * 39.93%
(58.28% to 90.54%) (26.39% to 49.85%)
SD =8.79 SD=5.82

Ron Carter 80.59% 54.53% 67.75% 37.58%
(29.09% to 72.64%) (22.36% to 49.83%)
SD=12.42 SD =739

Note. % notes (three intervals) = proportion of notes that started a 3-interval pattern that occurred at least
once in two or more bass line reductions or at least twice in the same bass line reduction at any metrical
location; % notes (three or more intervals) = proportion of notes that started a pattern that occurred at
least once in two or more bass line reductions or at least twice in the same bass line reduction at any
metrical location and contained three or more intervals; * = due to high computational demands of this
analysis, Paul Chambers’s bass line reductions were not analyzed. Range is shown in brackets.

CONSEQUENCES OF DISREGARDING THE METRICAL LOCATION OF NOTES

When overlapping patterns were removed and the metrical location of notes was disregarded, the
proportion of notes that started one or more patterns that occurred at least once in two or more bass line
reductions at any metrical location was about 11 to 18 percentage points greater compared to when
overlapping patterns were removed and all instances of the same pattern were required to start from the
same metrical location. Disregarding the metrical location of notes also increased the number of different
interval patterns that occurred at least once in two or more bass line reductions. Overlapping patterns
were removed in all of these analyses and had no effect on the results. See Table 6 for full results.
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Table 6. Consequences of disregarding the metrical location of notes.

Paul Chambers’s bass line

Vol. 20, No. 1, 2025

Ron Carter’s bass line

reductions reductions
% notes (metrical location of 55.15% 60.81%
notes disregarded) **
% notes (all instances of the 44.44% 42.83%

same pattern were required to
start from the same metrical
location) **

pattern count (metrical location
of notes disregarded) **

pattern count (all instances of
the same pattern were required
to start from the same metrical
location) **

pattern count (metrical location
of notes disregarded) **

pattern count (all instances of
the same pattern were required
to start from the same metrical
location) **

pattern count (all patterns were
required to start from the first
beat of a bar) *

pattern count (all patterns were
required to start from the first
beat of a bar) **

4,965 different patterns that
occurred at least once in two or
more bass line reductions and
contained at least three intervals

3,634 different patterns that
occurred at least once in two or
more bass line reductions and
contained at least three intervals

885 different 3-interval patterns
that occurred at least once in
two or more bass line reductions

604 different 3-interval patterns
that occurred at least once in
two or more bass line reductions

428 different 3-interval patterns
that occurred at least twice in
one or more bass line reductions

187 different 3-interval patterns
that occurred at least twice in
two or more bass line reductions

2,038 different patterns that
occurred at least once in two or
more bass line reductions and
contained at least three intervals

1,412 different patterns that
occurred at least once in two or
more bass line reductions and
contained at least three intervals

884 different 3-interval patterns
that occurred at least once in
two or more bass line reductions

599 different 3-interval patterns
that occurred at least once in
two or more bass line reductions

243 different 3-interval patterns
that occurred at least twice in
one or more bass line reductions

73 different 3-interval patterns
that occurred at least twice in
two or more bass line reductions

Note. % notes = proportion of notes that started one or more patterns that occurred at least once in two
or more bass line reductions at any metrical location and contained three or more intervals; pattern count
= number of different patterns; * = minimum number of sources: one; ** = minimum number of sources:
two.

Although most earlier studies have removed overlapping patterns, the metrical location of notes
has been disregarded in nearly all studies (i.e., these studies have not distinguished between patterns that
share the same notes or intervals but start from a different metrical location). Changing the metrical
placement of notes can affect the perception of melodies to the extent that patterns which share the same
notes and rhythm but differ in the metrical placement of these notes and rhythm values are not perceived
as the same pattern (Acevedo et al., 2014; Povel & Essens, 1985; Sloboda, 1983). As a result, if two note
sequences share the same sequence of intervals or chordal pitch classes but they start from a different
metrical location, they should not be considered as the same pattern.
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SUMMARY OF RESULTS FROM ANALYSIS OF METHODS USED IN PREVIOUS STUDIES

The results obtained when using different methods are also presented visually in Figures 3 to 7.
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Paul Chambers's bass line reductions Ron Carter's bass line reductions
B overlapping patterns not removed m overlapping patterns removed

Fig. 3. Consequences of not removing overlapping patterns. % notes = average proportion of notes that
started a 3-interval pattern that occurred at least twice at any metrical location in the same bass line
reduction.

100 M average pattern coverage

90 (min. number of sources: 1)
80 M average pattern coverage
(min. number of sources: 2)
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0 (number of sources: 2)
Paul Chambers Ron Carter

Fig. 4. Consequences of using pattern coverage as a measure of pattern use. Average pattern coverage =
average proportion of elements contained in patterns that occurred at least twice at any metrical location
and contained three or more intervals; average proportion of data = average proportion of data covered
by 3-interval patterns that started at the first beat of a bar and occurred at least twice in the same bass
line reduction; proportion of data = proportion of data covered by 3-interval patterns that started at the
first beat of a bar and occurred at least twice in the same bass line reduction or at least once in two or
more bass line reductions. Overlapping patterns were removed in all analyses.
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Fig. 5. Consequences of combining the research material into a single data set. % notes = proportion of
notes that started a pattern that occurred at least once in two or more bass line reductions or at least twice
in the same bass line reduction at any metrical location (all bass line reductions by the same musician
were combined into a single data set); aver. proportion = average proportion of notes that started an
interval pattern that occurred at least twice in two or more bass line reductions at any metrical location
(all bass line reductions by the same musician were analyzed separately); length = pattern length.
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Fig. 6. Consequences of disregarding the metrical location of notes. % notes = proportion of notes that
started one or more patterns that occurred at least once in two or more bass line reductions at any metrical
location and contained three or more intervals; metrical location of notes taken into account = all
instances of the same pattern were required to start from the same metrical location. Overlapping patterns
were removed in both analyses.
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Fig. 7. Consequences of disregarding the metrical location of notes when counting the number of
recurring patterns. Start from the same metrical location = all instances of the same pattern were required
to start from the same metrical location; * = number of different patterns that occurred at least once in
two or more bass line reductions and contained three or more intervals; ** = number of different
3-interval patterns that occurred at least once in two or more bass line reductions; *** = number of
different 3-interval patterns that occurred at least twice in one or more bass line reductions when all
patterns were required to start from the first beat of a bar; **** = number of different 3-interval patterns
that occurred at least twice in two or more bass line reductions when all patterns were required to start
from the first beat of a bar. The minimum number of sources is two except when stated otherwise.
Overlapping patterns were removed in all analyses.

DISCUSSION

The current results support the view that learning a large vocabulary of patterns is not a necessary
requirement for expert level skills in jazz improvisation (Nurmi, 2023; Stehr, 2016) and suggest that
recurring melodic patterns were used in Paul Chambers’s and Ron Carter’s bass lines from the 1950s
and 1960s to a smaller extent compared to results from earlier studies, most of which investigated solos
by saxophone players (Frieler, 2018; Norgaard, 2014; Norgaard et al., 2023; Norgaard & Romer, 2022;
Weisberg et al., 2004). However, differences in pattern length, instrument, the use of different methods
of measurement to analyze bass lines and solos, and the length of analyzed bass lines and solos may all
influence the results. These differences preclude the direct comparison of results between studies using
a different pattern length or different method of measurement, between studies analyzing double bassists
and musicians playing other instruments, and between studies analyzing jazz bass lines and jazz solos.
Whereas most previous studies have analyzed 4-interval patterns or patterns with three or more intervals,
the current study focused on patterns with two to four notes or one to three intervals. This decision makes
it difficult to compare the current results with those from previous studies because the proportion of
recurring patterns decreases as the pattern length increases. Another factor is that the number of possible
note choices may differ between musicians playing a different instrument, at least to some extent, which
influences the probability of repeating the same sequences of notes or intervals. Comparing the extent
of pattern use also requires using the same methods of measurement to analyze both bass lines and solos.
Finally, the extent of pattern use tends to increase with sample size (the number of analyzed musical
works) and the length of analyzed musical works (Nurmi, 2023; see also Norgaard & Romer, 2022). As
a solution to this problem, Norgaard and Romer (2022) suggested comparing only results based on the
same total number of notes. Note that splitting individual musical works into shorter segments with the
same number of notes may lead to problems when used for this purpose because segment length also
influences the results and because a small segment length “may lead to smaller variability of results
compared to when using non-splitted data” (Nurmi, 2025, p. 11).

The current results also suggest that disregarding overlapping patterns and the metrical location
of notes, allowing each note to start any number of patterns, combining all musical works by the same
musician into a single data set, and requiring recurring patterns to occur only at least once in two or more
musical works can overestimate the proportion and the number of recurring patterns. These findings
indicate that earlier studies may have overestimated the extent of pattern use in jazz improvisation, which
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also calls into question whether solos of Charlie Parker or any other world-renowned jazz musician were
built exclusively or almost exclusively from pre-learned patterns (cf. Frieler, 2018; Norgaard, 2014;
Weisberg et al., 2004). Although most previous studies have removed overlapping patterns, almost all of
them have disregarded the metrical location of notes and many have also combined all musical works
into the same data set (instead of analyzing each musical work separately) or have required recurring
patterns to occur either at least once in two or more musical works or at least twice in one or more
musical works. It is also often unclear whether each note is allowed to start only a single pattern or not.

Unfortunately, the current study did not use the same pattern length and, in some cases, the same
number of sources (the number of musical works where a pattern is required to occur) when comparing
results acquired by using pattern coverage and the proportion of data covered by recurring patterns.
Therefore, the results acquired by comparing these methods of measurement should be considered with
caution. However, it is noteworthy that results from pattern coverage analysis indicated a much greater
extent of pattern use compared to results acquired by using almost all other methods of measurement.
Also note that Ron Carter’s bass lines from 1963 to 1967 were often very complex and the results from
pattern coverage analysis indicated much more repetition of melodic patterns than expected by playing
these bass lines in the absence of other instrumental parts (for transcriptions and analysis of Ron Carter’s
musical style, see Nurmi, 2018). Taking these things into account, the proportion of notes that start a
recurring pattern at any metrical location may produce more credible results but it is important that all
instances of the same pattern are required to start from the same metrical location, all recurring patterns
are required to occur at least twice in two or more musical works, and pattern use is measured in each
musical work separately instead of combining all musical works by the same musician into a single data
set. Further analysis is needed to understand why the results from pattern coverage analysis differed so
much from most other results reported in the current study.

According to Nurmi (2023), Paul Chambers and Ron Carter often relied on a limited set of target
notes, and they used pre-learned approach-note patterns extensively. Based on the current results, both
bassists also often relied on a limited number of note choices at the first two beats of a bar. These findings
indicate that eminent jazz bassists may be able to avoid excessive repetition of melodic patterns even if
their note choices are constrained at the level of target notes, the first two beats of a bar, and approach-
note patterns. In addition, these findings suggest that the use of a limited set of target notes, short patterns
at the beginning of a bar, and approach-note patterns may facilitate the generation of non-repetitive bass
lines and support the view that rules or constraints play an important role in jazz improvisation (Johnson-
Laird, 1988, 2002). On the other hand, Paul Chambers and Ron Carter also used longer recurring
patterns, which indicates that constraints and patterns both played an important role in Paul Chambers’s
and Ron Carter’s bass lines. This finding is in line with Norgaard (2011) who found that experienced
jazz musicians described using both pre-learned patterns and internalized rules or constraints.

Finally, the current results suggest that expert-level jazz improvisation may differ from
linguistic skills in the size of vocabulary required to achieve fluency. Brysbaert et al. (2016) estimated
that native speakers of US English know about 42,000 uninflected words and about 11,000 word families
on average at the age of twenty and about 48,200 uninflected words and about 13,400 word families by
the age of sixty. Although productive knowledge (the number of words actually used) is less than half of
the number of known words (Brysbaert et al., 2016), the current study found only 183 four-note chordal
pitch class patterns that occurred at least twice in two or more bass line reductions and 622 four-note
chordal pitch class patterns that occurred at least twice in one or more bass line reductions by Paul
Chambers. In Ron Carter’s bass line reductions, the total number of 4-note chordal pitch class patterns
that occurred at least twice in two or more bass line reductions was 44 and the total number of 4-note
chordal pitch class patterns that occurred at least twice in one or more bass line reductions was 246. The
total number of interval patterns that occurred at least twice in two or more (or one or more) bass line
reductions was similar to the number of recurring chordal pitch class patterns. These findings suggest
that vocabulary may play a more important role in language compared to jazz improvisation.

According to Temperley (2022), “it is [...] hard to know whether these patterns are genuine
schemata in the minds of composers and listeners or whether they simple arise by chance as clusters of
highly probable events” (p. 156). Referring to this problem, the current article relied on the assumption
that short melodic patterns that occur only once in two or more musical works provide little evidence to
support the claim that such patterns were actually pre-learned and retrieved from memory during the
improvisation process. However, it is important to note that the total number of recurring chordal pitch
class patterns and interval patterns in Paul Chambers’s and Ron Carter’s bass lines was probably
underestimated because of small sample sizes (even though the small number of analyzed bass lines was
compensated to some extent by allowing differences in rhythm and subdivision-level changes in melody
and by requiring recurring melodic patterns to occur not more than at least twice in two or more bass
lines).
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