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MUSIC OFTEN EVOKES A REGULAR BEAT AND A

pleasurable sensation of wanting to move to that beat
called groove. Recent studies show that a rhythmic pat-
tern’s ability to evoke groove increases at moderate
levels of syncopation, essentially, when some notes
occur earlier than expected. We present two studies that
investigate that effect of syncopation in more realistic
polyphonic music examples. First, listeners rated their
urge to move to music excerpts transcribed from funk
and rock songs, and to algorithmically transformed ver-
sions of these excerpts: 1) with the original syncopation
removed, and 2) with various levels of pseudorandom
syncopation introduced. While the original excerpts
were rated higher than the de-syncopated, the algorith-
mic syncopation was not as successful in evoking
groove. Consequently, a moderate level of syncopation
increases groove, but only for certain syncopation pat-
terns. The second study provides detailed comparisons
of the original and transformed rhythmic structures that
revealed key differences between them in: 1) the distri-
bution of syncopation across instruments and metrical
positions, 2) the counter-meter figures formed by the
syncopating notes, and 3) the number of pickup notes.
On this basis, we form four concrete hypotheses about
the function of syncopation in groove, to be tested in
future experiments.
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M USIC WITH A REGULAR PULSE OFTEN URGES

us to move, for instance by bobbing our head
or tapping our foot,1 a phenomenon termed

‘‘groove’’ in the music psychology literature (Janata
et al., 2012; Madison, 2006). Apparently, there is some-
thing about the musical structure, the way it is played,
and the properties of the sound signal that accounts for
this effect (Câmara & Danielsen, 2020), and several
candidates have been proposed (for a review, see Madi-
son et al., 2011). A strong candidate seems to be synco-
pation, as we review below. To further explore its
function, this paper investigates the effect of general-
ized, pseudorandom syncopation on groove.

Syncopation is a pervasive rhythmic phenomenon
found in many musical styles and cultures. It is defined
as a certain class of violation of a learned schema
that describes our temporal expectation (Huron, 2006,
p. 297; Randel, 1986). The term meter is used to refer to
such temporal schemata in music cognition, which was
adopted from music theory where it is understood as
a hierarchical structure (London, 2012). Among the
core formal aspects of meter is the alternation of strong
and weak pulses seen as the alternation of high and low
expectation of musical events (Danielsen, 2018; Palmer
& Krumhansl, 1990; Parncutt, 1987, 1994). An event in
a weak pulse increases our expectation of an event in the
following strong pulse. Syncopation breaks the expected
weak-strong bond when an event in a weak pulse is not
followed by an event in a strong pulse (Huron, 2006,
p. 295). Longuet-Higgins and Lee (1984) formalized
and quantified the strength of a syncopation by attrib-
uting weights to the levels of a metrical hierarchy sim-
ilar to that of the Generative Theory of Tonal Music of
Lerdahl and Jackendoff (1983) or that of consonant
rhythmic strata of Yeston (1976). Accordingly, a synco-
pation occurs when a note in a fast metrical level—
weak pulse—is followed by a rest at the next position of
a slower level—stronger pulse; its strength is the dif-
ference of the metrical weights of the two levels.
Despite this quantification, Longuet-Higgins and Lee
approached the metrical interpretation of a rhythmic

1 This phenomenon may have evolutionary significance, as has been
elaborated by many scholars (Bryant & Hagen, 2003; Huron, 2003;
Merker, 2000; Merker et al., 2009; Ravignani et al., 2014; Ravignani &
Madison, 2017).
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pattern as a categorical one: either as syncopated or not.
They also claimed that the listener will favor a non-
syncopated interpretation of a given pattern, when such
an interpretation is possible.2 In this paper, we follow an
equivalent definition of syncopation by Sioros and col-
leagues (Sioros & Guedes, 2014; Sioros et al., 2018) that
describes it as the displacement of a note from its non-
syncopating position to an earlier position in a faster
metrical level (Tan et al., 2019; Temperley, 1999, 2001,
Chapter 9), creating in this way an event in a weak pulse
not bound to an event in the following strong pulse.

The above definitions of syncopation approach it as
a local phenomenon, either as a sensation that arises at a
certain moment in time or a quality attributed to a certain
note. In contrast, many scholars and researchers have
operationalized syncopation as a quantity that charac-
terizes the entire rhythmic pattern; that is, as a level of
complexity that could be compared across patterns (Fitch
& Rosenfeld, 2007; Gómez et al., 2005; Keith, 1991; Press-
ing, 1997; Sioros & Guedes, 2011; Smith & Honing, 2006;
Thul & Toussaint, 2008; Witek, Clarke, Wallentin, et al.,
2014). They argue that if the effect of a single instance of
syncopation is quantifiable, for instance through the met-
rical weights proposed by Longuet-Higgins and Lee
(1984), then an overall degree of syncopation may be
calculated as the accumulated effect of single instances
of syncopation. However, the general validity of such
approaches is questionable. As we review in more detail
in the section On Measuring Syncopation, the combined
effect of syncopation on higher-level perceptual features
such as complexity and groove is not captured by a simple
accumulating scalar quantity.

Syncopation has been associated with groove, under-
stood as the pleasurable propensity to move along with
the music. Madison and colleagues (2011) attempted to
track the temporal properties of the musical signal that
correlate with the tendency of listeners to experience
groove. Although syncopation was not explicitly tested
nor directly identified as a predictor for groove in their
exploratory approach, groove was strongly correlated
with low level rhythmic descriptors closely related to
syncopation, such as beat salience and the presence of
faster metrical levels. These findings were corroborated
in subsequent studies showing a correlation between
groove and various forms of syncopation (Madison &
Sioros, 2014; Sioros et al., 2014; Witek, Clarke, Wallen-
tin, et al., 2014). Witek et al. (2014) suggested an
inverted U-shape relation between the degree of synco-
pation and groove, where a moderate amount of

syncopation should lead to the highest level of groove,
which was partly supported in an experiment using
commercially available drum breaks and quantifying
the degree of syncopation as a weighted sum of the
Longuet-Higgins and Lee (1984) scores. The above
studies were focused on the rhythmic properties of the
music alone. A different study (Matthews et al., 2019),
in which the rhythmic patterns were articulated by
chords of various degrees of harmonic complexity,
showed that the effect of syncopation on groove is mod-
ulated by harmonic context. With regards to physiolog-
ical evidence, both syncopation and groove have been
shown to a have stimulating effect reflected in stronger
pupil dilation (Bowling et al., 2019). Furthermore, mod-
erately complex rhythms, which were rated higher in
groove compared to higher complexity rhythms, also
evoked increased activity in motor and reward networks
of the brain (Matthews et al., 2020).

Recently the U-shape relation between syncopation
and groove has been explained in the predictive coding
(PC) framework (Koelsch et al., 2019; Vuust & Witek,
2014; Vuust et al., 2018). The idea is that the sensory
input is being compared to a continuously updated pre-
dictive model in the listener’s mind, which, in the case
of rhythm perception, consists primarily of the inferred
metrical structure. When a mismatch occurs, the corre-
sponding error updates the model for future predic-
tions. However, the precision of the prediction
attenuates the errors, so that low precision predictions
would lead to small precision-weighted errors even
when the mismatch between the model and the sensory
input is large. Our body movement is then an expres-
sion of our efforts to supress the detected errors and
emphasize the beat, that is, the model. The explanation
(Koelsch et al., 2019; Vuust et al., 2018) for why high
syncopation entails low groove is that higher levels of
syncopation weaken the neural representation of the
meter and therefore lower the precision of the model.
In essence, in the high syncopation condition our brain
treats the music signal as noise. Conversely, no synco-
pation leads to no errors and requires no strengthening
of the metric model (through body motion). A moder-
ate amount of syncopation thus hits the sweet spot,
where moderately complex rhythms evoke and main-
tain a stable predictive model, while they still generate
a small amount of predictive errors.

Madison, Sioros, and colleagues explored the relation
between syncopation and groove in a production exper-
iment. They asked musicians to minimize and maxi-
mize groove by playing prescribed melodies that were
either syncopated or not (Madison & Sioros, 2014).
They found that musicians employed, among other

2 Although Lee (1985) later questioned the model and the strict
requirement of avoidance of syncopation.
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devices, syncopation to create groove, and deadpan tim-
ing and the destruction of the regular pulse for reducing
groove. In a second experiment following a generative
approach (Sioros et al., 2014), the groove of algorithmi-
cally generated variations of simple piano melodies—
such as children’s songs and lullabies that contained no
syncopation in their original form—was rated by listen-
ers. The generated variations that contained syncopa-
tion received significantly higher groove ratings than
the original versions or non-syncopating variations. The
moderate syncopation received the highest ratings, in
line with the inverted U relation. The highest degree of
syncopation was achieved by interlacing the notes of the
melodies with a metronome, so that one of them may be
thought as articulating the meter, either the metronome
or the melody, while the other syncopates in off-beat
positions throughout the music example. This highly
syncopated pattern does not weaken the perceived
meter and, therefore, this result only partly corroborates
the PC mechanism for groove. Furthermore, a direct
comparison between the variations of each melody
showed that syncopations that occurred in certain ‘‘key’’
moments at phrase boundaries contributed more to the
sensation of groove than syncopation that is uniformly
distributed throughout each melody. Sioros et al. con-
cluded that the relation between groove and syncopa-
tion is complex and depends on other structural factors
as well as those who create syncopation. This finding
was part of the motivation for the present study.

Here we present two studies that investigate the rela-
tion between groove and syncopation in more complex
music examples representative of real music, involving
several different voices/instruments. The first study is
a listening experiment that extends the generative
approach of Sioros et al. (2014) to multi-voiced music
examples. The second study offers a detailed music the-
oretical analysis of the rhythmic patterns used in the
listening experiment.

The first study aims at investigating the extent to
which the amount of syncopation itself affects the sen-
sation of groove in realistic multi-voice music examples.
To this end we produced algorithmic variations that
differed in the number of syncopation instances and
randomized their metrical positions. Using transcrip-
tions of funk and rock songs, we produced short music
examples (ME) containing drums, bass, and guitar or
keyboards. Starting from the transcriptions of the orig-
inal excerpts, we algorithmically first de-syncopated
them and then introduced different amount of random
syncopation using a variant of the syncopation transfor-
mations of Sioros and Guedes (2014). All algorithmic
variations and the transcriptions of the original music

excerpts were then rendered into audio music examples
using professionally sampled instruments, so that the
only difference between the transformed and the orig-
inal examples is the duration patterns created by
our algorithm. We hypothesized that: 1) the original,
syncopated versions would be rated higher than their
de-syncopated variations, and 2) the variations with
a moderate amount of algorithmically generated synco-
pation would receive higher ratings than the ones with
no or excessive syncopation. In other words, the groove
ratings should follow an inverted U shape relative to the
number of syncopations independently of the specific
combinations of syncopations found in the original per-
formances or the ones randomly generated from the de-
syncopated versions.

The second study addresses the limitations of mea-
suring the accumulating effect of syncopation with a sca-
lar quantity and aims instead at providing a detailed
comparison of the syncopation in the algorithmic var-
iations and in the original versions. It is focused on
identifying key differences on the distribution of synco-
pation between instruments and metrical positions, as
well as in the patterns that the syncopations form.
Finally, in the General Discussion, we consider the two
studies together and propose potential cognitive
mechanisms that may explain the groove ratings of the
listening experiment in light of the analysis of the music
examples.

Study 1: Listening Experiment

METHOD

Participants
Thirty-five participants (9 female, 26 male, age M ¼
32.4 years, SD ¼ 6.7 years) were recruited via email and
did not receive any remuneration for their participation.

Stimuli
Ten short excerpts of two or four bars were created for
the purpose of this experiment. We aimed at a high
ecological validity of the MEs, while at the same time
focusing on syncopation by eliminating other expressive
factors typical of a musical performance. To this end, we
based the MEs on publicly available songs that were
transcribed. The MEs were based on six music excerpts
taken from commercial popular songs and four from
the RWC Music Genre dataset (Goto et al., 2003; ‘‘RWC
Music Genre Database,’’ n.d.), all in the funk or rock
music genre. The original excerpts included several
instruments; however, the MEs were created from MIDI
versions that were adapted for only three instruments—
bass, drums, and guitar or keyboards. Each short
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excerpt was repeated three or four times in a continuous
loop to form longer MEs. They were all presented at
100 BPM regardless of their original tempo to eliminate
the effect of tempo on the ratings. The original tempi of
the excerpts ranged from 88 BPM the slowest to
125 BPM the fastest. A set of transformations was then
applied to the original excerpts resulting in five different
versions described in more detail below. Unless other-
wise specified, ‘‘excerpt’’ refers to the original music
structure of a song, upon which the MEs were based,
and ‘‘song’’ refers to the MEs created from the same
original music, including the original version and the
generated variations.

The MEs were created and generated in Ableton Live,
and the transformations were automatically applied by
a device developed in Max for Live. MIDI files were
generated for all five versions of each excerpt and ren-
dered into 16-bit wave files using high quality instru-
ment voice samples. The first and last bar of each ME
were faded in and out respectively. The rhythmic struc-
tures of the MEs are shown in the Appendix.

As the original music excerpts were already synco-
pated, an algorithm was employed to remove the
existing syncopation (Sioros & Guedes, 2014) and
another to generate new pseudorandom syncopation.
The de-syncopation algorithm automatically identi-
fies any syncopated notes and delays them to the
following metrical position of a slower metrical level.
It reiterates until no syncopated notes are found. The
syncopation algorithm was developed for the specific
needs of the experiment and is described in detail in
the following subsection. The original syncopation
could also be generated by the same algorithm since
the de-syncopation algorithm is shown to be fully
reversible (Sioros & Guedes, 2014). The transforma-
tions were applied separately and independently to
each instrument. The drums were split into two
streams treated as different instruments, namely
hi-hats/cymbals and kick/snare drums. Figure 1
exemplifies in notation one transcript and its trans-
formations. This process resulted in a total of five
versions of each excerpt:

a) Original: Transcribed from original music excerpt
with all syncopation intact (limited to three instru-
ments: bass, drums, and guitar or keyboards). The
fastest metrical level in the excerpts was the six-
teenth note level except in one music excerpt
which contained six thirty-second notes that were
also syncopated.

b) Deadpan: Fully de-syncopated version of the orig-
inal transcription (0% syncopation)

c) 25%: *25% of total possible syncopations ran-
domly generated (see SyncopationTransformations)

d) 50%: *50% of total possible syncopations ran-
domly generated (see SyncopationTransformations)

e) 70%: *70% of total possible syncopations ran-
domly generated (see SyncopationTransformations)

Syncopation Transformations
The syncopation generation algorithm is an adaptation
of that described in (Sioros & Guedes, 2014) that aims at
randomizing the distribution of syncopations across the
notes of a non-syncopating pattern. It automatically
identifies possible syncopations from their metrical
position in the deadpan version, taking a standard MIDI
file as input. The present version of the algorithm antici-
pates a desired proportion of these notes to earlier posi-
tions of a faster metrical level (e.g., a quarter note in the
deadpan version is shifted to the previous eighth note).
The formalization of the transformations ensures that
the order of notes is always preserved.

The algorithm begins by counting the number of pos-
sible syncopation shifts, which is equal to the number of
notes that do not belong to the fastest metrical level; that
is, all notes that belong in the eighth note level or slower.
Then a certain predefined percentage (25%, 50%, or
70%) of these notes is selected at random to be synco-
pated. The three syncopation transformations of differ-
ent amounts are all applied upon the deadpan version,
randomly and independently of each other. The selec-
tion of notes to be syncopated is therefore different for
each of the 25%, 50%, and 70% transformations. The
selected notes are shifted to the preceding metrical posi-
tion belonging to the immediately faster level available.
For instance, a note at the second quarter note position
in the bar is shifted to the previous eighth-note position.
However, to preserve the original note order, if another
note is already articulated in that position or any in-
between positions, a faster metrical level is chosen. For
example, in Figure 2a, the eighth-note position is
already occupied and the quarter-note is shifted to the
in between sixteenth-note position instead. The fastest
metrical level allowed is the sixteenth-note level. In
cases where the transformation is blocked by a note
articulated in the preceding sixteenth-note position,
these two notes are shifted together as a group (Figure 2b
and Figure 1, the circled guitar rhythmic figure in the
beginning of the second bar). Finally, if the sixteenth
note cannot be shifted due to an existing note in the
immediately preceding position, that sixteen note is
deleted to give space for the syncopation to occur
(Figure 2c). For instance, in the kick/snare in Figure 1,
the first kick was shifted to the last sixteenth note
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position in the 50% syncopation, where a snare event
originally existed. The snare could not be shifted
together with the kick because of another snare preced-
ing it and was therefore deleted instead. However, such
cases were rare. The difference in the number of notes

between the 25%, 50%, and 70% transformation is 4%,
6%, and 4.4% of the original number of notes
respectively.

The above algorithm enables us to shift at random
any note of the deadpan version from a relatively slow

FIGURE 1. Rhythmic part of music excerpt 10 and the transformations applied. The 25% syncopation transformation was omitted for simplicity. Notes

in circle indicate two special cases of syncopation shifts, which are explained in the text.
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metrical level and generate syncopations that are better
distributed throughout the duration of the ME, as well
as to provide better control of the number of syncopa-
tions generated. If we were to limit the generated syn-
copations to only notes in strong metrical positions not
preceded by a sixteenth note, the positions of the syn-
copations would be unevenly distributed depending on
the rhythmic structure of each phrase. Although the
algorithm gives relatively precise control of the amount
of syncopation, it allows for shifts that could ‘‘mask’’ an
existing syncopation. For example, consider two consec-
utive notes, the first belonging in an eighth note metri-
cal position and second in the following quarter note
position. If the eighth note is syncopated, it would be
shifted to the previous sixteen position, leaving the
eighth note position free. If the quarter note is also
syncopated and shifted to the eighth note position, the
previous syncopation would be masked, and the two
shifts would result in only one syncopation instead of
two. As the amount of random syncopation increases,
this is more likely to happen, especially in dense pas-
sages with longer sequences of eighth notes.

In the above algorithm, once a position for a syncopa-
tion is randomly selected, the syncopation shift to an
earlier pulse is not random but fully determined by the
preceding notes. In this way, interactions between
instruments that may introduce additional factors of
complexity are minimized. When the same strong met-
rical position is syncopated in more than one instru-
ment, the syncopating notes are not necessarily shifted
to the same weak metrical position. Fully randomized
syncopations are more likely to generate shifts to differ-
ent positions, but in the original excerpts, such cases are
rare. As we show in Study 2 (Interaction across Instru-
ments), our algorithm keeps such interactions at similar
levels as in the original excerpts, while still distributing
the syncopation randomly across each ME.

The MIDI note durations in the transformed varia-
tions were kept the same as in the transcriptions of the
original songs; that is, the ‘‘offset’’ of notes was shifted

together with their respective ‘‘onset.’’ However, in cer-
tain cases, the note shifts may break the legato to the
following or previous note, which may affect qualities of
the rhythm beyond syncopation. To avoid this effect,
such cases were identified by inspecting the automati-
cally generated MIDI files and the durations of the notes
were adjusted manually inline with the original charac-
ter of each ME.

Rating Scales
While the study was focused on groove, participants
were told that the purpose was to study ‘‘rhythm per-
ception’’ to minimize possible response bias. The exper-
iment included three additional rating scales, namely
familiarity, preference, and naturalness. Preference is
closely related to the experience of groove (Janata
et al., 2012) as well as familiarity (Senn et al., 2019) and
were therefore expected to correlate with the groove
scale. The purpose of the fourth scale was to distract
from the focus on the movement-inducing effect of
syncopation.

All four scales were framed by the global question
‘‘How well do the following words describe your expe-
rience of the music?’’ followed by each of the terms:
‘‘Familiar,’’ ‘‘Like it,’’ ‘‘Natural,’’ and ‘‘Movement induc-
ing.’’ The last term was defined in the instructions as
‘‘the sensation of wanting to move some part of your
body in relation to some aspect of the music,’’ which is
the definition of groove adopted in this study. The rat-
ings ranged from 0 (not at all) to 10 (entirely) in unit
increments. Ratings were input through a separate hor-
izontal slider for each scale, initially positioned at 5. The
four scales were presented in the same order throughout
the experiment.

Design
The dependent variable was the rating of groove, and
the independent variables were: 1) the type of transform
(5 levels including 1 deadpan, 1 original, and 3 synco-
pation), 2) the 10 music excerpts themselves. A within-
participants design was employed in which each

FIGURE 2. Examples of syncopation shifts. In the top row, the non-syncopating patterns are shown. The arrows represent the shifts of notes from slow

metrical levels to faster ones. In (a) the sixteenth-note level is available. In (b) and (c) the shift to the fastest metrical level is blocked by another note in

the preceding sixteenth position. In (b) the two notes are shifted as a group. In (c) the preceding sixteenth note is deleted for the syncopation shift to

take place.
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participant rated all 50 conditions (5 transforms x 10
MEs), which were presented in a different random order
to each participant. Randomization and other function-
ality was built into a custom-made presentation and
response recording software developed for a previous
study (Davies et al., 2013).

Procedure
The experiment was conducted online using a web-
based interface (Davies et al., 2013) that instructed the
participants to complete the experiment in one session
in a quiet listening environment, using high quality
headphones or loudspeakers. After the instructions
were presented, participants had the options to either
withdraw from further participation or consent to take
part in the experiment and submit personal information
including their sex and age.

The experiment proper was preceded by three
training trials, in which the participants were famil-
iarized with the type of stimuli and the interface and
were encouraged to adjust the playback volume to
a comfortable level. The training MEs were not
included in the experiment proper. The whole proce-
dure took about 40 minutes, after which participants
were given the opportunity to offer feedback and
comments.

Results

Both transform and music excerpt (the original melodic
and rhythmic structure) had substantial effects on all
four rating scales. There was a general tendency for all
scales to correlate across MEs, such that MEs rated as
more familiar were also rated as more preferred, natu-
ral, and having more groove. Figure 3 and Table 1 show
this tendency for the MEs of the 25% variations. Similar
correlations were observed for the other variations.

Two-way repeated-measures ANOVAs were applied to
assess the independent contributions from music excerpt
and transforms. They revealed strong main effects for all
scales except familiarity, for which there were only mod-
erate main effects of transform and music excerpt. The
main effects are summarized in Table 2.

TABLE 1. Correlations Between Rating Scales for the 25%
Transformation MEs

Preference Naturalness Groove

Familiarity .70 .49 .72
Preference - .76 .82
Naturalness - .72

Note: Correlations are significant at p < .05.

FIGURE 3. Mean values of all four rating scales across music examples, and participants for the 25% transformation music examples.
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The main effect of transform is depicted in Figure 4,
showing the mean standardized (z-score) across parti-
cipants and ME. The z-scores were computed within
each participant in order to exclude artifacts from dif-
ferences in rating scale use, such as using all or part of
the scale or only the lower or middle range, for example.
The original recordings were rated highest in groove,
followed by the 25% transformation, the deadpan (0%),
50, and 70%. Effect sizes and their confidence intervals
were computed according to Hedges and Olkin (1985,
p. 86), and degrees of freedom (df) computed according
to the Welch-Satterthwaite equation (Welch, 1947). The
contrast of interest for Hypothesis 1 is that between
original and deadpan, corresponding to d ¼ 0.315 with
confidence interval (CI) 0.166 and 0.464, and df ¼
698.0. This effect is statistically significant, as the CI
does not include zero. For Hypothesis 2 we examine the

contrasts between original and 25% syncopation (d ¼
0.224, CI ¼ 0.075 and 0.372, df ¼ 689.3), 25% and
deadpan (d ¼ 0.109, CI ¼ -0.039 and 0.257, df ¼
689.4), 25% and 50% (d ¼ 0.259, CI ¼ 0.110 and
0.408, df ¼ 696.4), and 50% and 70% (d ¼ 0.099, CI
¼ -0.049 and 0.247, df ¼ 696.0). For comparison, the
largest difference between original and 70% was d ¼
0.571 (CI ¼ 0.420 and 0.722, df ¼ 688.2).

Discussion

The study aimed at investigating the effect of the
amount of syncopation to the sensation of groove. In
contrast to the experiments in Sioros et al. (2014), where
the focus was on simple monophonic melodies or in
Witek, Clarke, Wallentin, et al. (2014), where the focus
was on drum loops, the experiment presented here
focused on more complex polyphonic rhythmic MEs
containing multiple instruments. Such highly complex
and realistic MEs may introduce expressive factors
other than syncopation. The algorithmic generation of
MEs with various degrees of syncopation from a single
music excerpt that was employed in the design of the
stimuli helps to control for such factors and reveal the
effect of syncopation.

Our hypothesis was twofold. First, we hypothesized
that removing the syncopation of the original songs
would decrease the groove ratings. Second, based on the
results of Witek et al. (2014), we hypothesized that the
algorithmically generated syncopation would result in
higher groove ratings than the deadpan versions, at least
for moderate amounts of syncopation.

Our first hypothesis was confirmed, as the results of
the experiment show a significant decrease of the groove
ratings when the syncopation is algorithmically
removed from the original song. Our second hypothesis
was falsified, as there was no statistically significant
increase in groove for any level of random syncopation
introduced to a deadpan non-syncopated ME. Rather,
groove was rated significantly lower for the 25% synco-
pation than for the original syncopation, and higher
amounts of syncopation (50% or 70%) led to even lower
groove ratings. In other words, only the original synco-
pation of the MEs had a positive and significant effect
on groove, relative to the deadpan.

Study 2: Rhythmical Analysis of Music Examples

The results of the first study raise the question of how
the original syncopation is different from the automatic
transformations. The second study was designed to help
answer this question through post hoc analyses of the

TABLE 2. Summary of ANOVA Results for all Scales

Rating scale Variable df F p

Groove Intercept 1, 34 177.73 < .000001
Transform 4, 136 10.97 < .000001
Music excerpt 9, 306 5.12 < .000001

Familiarity Intercept 1, 34 120.56 < .000001
Transform 4, 136 4.49 < .005
Music excerpt 9, 306 2.96 < .005

Naturalness Intercept 1, 34 217.40 < .000001
Transform 4, 136 8.07 < .000001
Music excerpt 9, 306 4.28 < .00005

Preference Intercept 1, 34 135.07 < .000001
Transform 4, 136 7.08 < .00005
Music excerpt 9, 306 5.84 < .000001

FIGURE 4. Mean values and confidence intervals (95%) of the

Z-transformed groove ratings for transformation, across music

examples and participants.
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MEs. The general experience ratings of the first study
provide little insight into what the participants actually
perceive and react to. We therefore analyzed some qual-
itative and quantitative aspects of the algorithmically
generated MEs and compared those to the original ones.
The analysis avoids the direct quantification of the
degree of syncopation. As we argue in the following
subsection On Measuring Syncopation, calculations of
the degree of syncopation can lead to misleading gen-
eralizations, especially in a polyphonic context. Instead,
we focus on how syncopation is structured. We examine
the distribution of syncopation at different metrical
positions in the bar for the different instrument groups,
potential interactions between syncopations across the
instruments, patterns that the syncopated notes are cre-
ating, and how the syncopation transformations
affected the pickups existing in the original music
excerpts. Our comparisons focus on the original
excerpts and the 25% algorithmic variations since they
have similar numbers of syncopations.

ON MEASURING SYNCOPATION

Music theoretical and cognitive definitions of synco-
pation describe it as a local phenomenon resulting
from the displacement of an accent to an off-beat posi-
tion (Huron, 2006; Longuet-Higgins & Lee, 1984).
Although these definitions capture the essence of syn-
copation, they do not offer a systematic method for
assessing and comparing effects of syncopated pat-
terns. Hence, many scholars broadened the concept
of syncopation to an overall quality of the rhythmic
pattern related to complexity. They operationalized it
as a scalar quantity that expresses the accumulating
effect of local syncopation instances. Keith (1991), in
his work on music combinatorics, defined the degree
of syncopation as the sum of local syncopations that
were identified and weighted through pattern match-
ing. Smith and Honing (2006) measured the overall
syncopation as the sum of the syncopation strengths
of the Longuet-Higgins and Lee (1984) model. They
found a moderate correlation (r¼ .75) of this sum with
human judgments of complexity previously reported
by Shmulevich and Povel (2000). Fitch and Rosenfeld
(2007), independently from Smith and Honig, used the
same syncopation metric based on the Longuet-
Higgins and Lee (1984) model to index the complexity
of rhythmic patterns of a rhythm perception task, and
found that it was significantly harder for participants
to tap along with highly syncopated rhythms. Besides
a lower accuracy of the participants’ tapping the met-
ronome beat along with moderately syncopated
rhythms, participants had a strong tendency to ‘‘reset’’

their internal metrical framework for higher levels of
syncopation and tap to an alternative pulse which cor-
responded to a less syncopated interpretation of the
patterns, in accordance with the Longuet-Higgins and
Lee (1984) hypothesis.

Although an overall degree of syncopation derived
from the sum of local instances seems intuitively com-
pelling, there is as yet little evidence for its general
validity. First, a comparison of the amount of syncopa-
tion of fundamentally different patterns—for instance,
patterns with different number of notes or of substan-
tially different durations or tempi—is probably not
meaningful. Second, a scalar quantity does not neces-
sarily capture the overall syncopation feel or the effect it
has on higher level qualities such as complexity or
groove. The rhythmic patterns used in the study of
Smith and Honing (2006), for example, were irregular
by design, as they were constructed by permuting four
different durations (Shmulevich & Povel, 2000), and did
therefore not include simple but highly syncopated pat-
terns. Fitch and Rosenfeld (2007) also note that some
more general aspect of complexity other than syncopa-
tion could have contributed to the difficulty the parti-
cipants met when tapping to the beat and playing the
patterns in their study.

Despite having a wide range of levels of the amount of
syncopation, the patterns used in the studies above do
not cover syncopation patterns that commonly occur in
many musical genres, such as cross-rhythmic or phase-
shifted metrical patterns (off-beat pulse). In both these
types of patterns, syncopation results from counter-
rhythmic figures that momentarily articulate a compet-
ing pulse to the established meter without challenging it
(Câmara & Danielsen, 2020; Danielsen, 2006). Cross-
rhythm may be defined as the overlap of two rhythms
whose periodicities are non-integer multiples (London,
2012, p. 66) such as 2:3 or 4:3, and is typically associated
with West-African drumming traditions (Nketia, 1974,
p. 134). Shorter stretches of cross-rhythm are, however,
common in many African-diasporic musicals traditions.
A classic example from the African-American tradition
is the distinction between primary and secondary rag in
ragtime. In contrast to primary rag (a singular synco-
pation), secondary rag was described early on by
Knowlton (1926) as ‘‘the superimposition of one, two,
three upon the basic one, two, three, four.’’ This pattern
forms ‘‘a tendency towards cross-rhythm’’ (Danielsen,
2006, p. 62) and is commonly used in many highly
groove-inducing musical styles, such as salsa (Boehler,
2016; Stover, 2009), funk, R&B and soul (Danielsen, 2006,
2010, 2012, 2015), and electronic dance music (Butler,
2006; Zeiner-Henriksen, 2010). Also phase-shifted
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metrical patterns that form shorter counter-rhythmic
figures on the off-beat pulse are typical of groove-based
music (Butler, 2006; Danielsen, 2006; Zeiner-Henriksen,
2010), and have been referred to as spacing (Nketia, 1974)
or off-beat phrasing (Waterman, 1948). Both forms
of counter-rhythms—cross-rhythmic tendencies and
phase-shifted patterns—contribute to making every layer
in the rhythmic fabric audible and promote a texture of
complementary rhythms. Syncopation is thus not only
a matter of magnitude but can be strongly dependent
on the particular patterns formed by the counter-meter
rhythmic events.

METHOD

We were interested in identifying the key rhythmic
characteristics of the syncopated variations of the MEs.
To this end, we employed the generative model of Sioros
et al. (2018), which codifies a rhythmic pattern in a given
meter as a unique combination of three distinct ele-
ments occurring at specific metrical locations, namely
syncopations, pickups, and density.

Syncopations follow the definition of Huron
(Huron, 2006, p. 295; London, 2012, p. 107): a note
occurring in a weak metrical position that is not
properly bound to a note in the following stronger
metrical position. Similarly, pickups and ‘‘density’’
notes are defined as notes in weak metrical positions
that are properly bound to following notes in stron-
ger metrical positions. While density notes are pre-
ceded by notes on stronger metrical positions
creating an isochronous pulse at the corresponding
metrical level, pickups are found at the beginning of
rhythmic groups initiating a rhythmic figure together
with the following note on a stronger metrical posi-
tion. Pick up notes function as cues for the following
on-the-beat note, increasing our expectations for that
note and emphasizing in this way the beat. As the
transformations did not substantially alter the num-
ber of notes or their distribution, our analysis focuses
on the syncopation and pickups identified by the
model. According to Huron (2006, p. 201), syncopa-
tion is experienced at the silent strong beat and is
retrospectively attributed to the preceding sounding
event. In the generative model of Sioros et al. (2018)
that is used in this study, the syncopations are
assigned to the silent strong beat in which a syncopa-
tion is experienced. Similarly, pickups are assigned to
the strong beat of their weak-strong pair.

The half bar was chosen to be the slowest metrical
level in the 4/4 meter. The characterization algorithm
was implemented in max/MSP and further analysis was
performed in Matlab.

RESULTS AND DISCUSSION

Distribution of Syncopation
To examine the distribution of syncopation between
metrical positions and across instruments, we summed
the number of syncopation instances across all MEs in
the original version and the three algorithmically gen-
erated variations. We present the results in Figure 5 and
Figure 6. In Figure 5, the calculation was performed for
each metrical position independently, while in Figure 6
we additionally distinguished between the instruments.
The drums were split in two separate streams, one for
the kick/snare combination and one for the cymbals,
that were treated as independent instruments.

As expected, the overall amount of syncopations in
the algorithmic variations increases almost linearly with
the percentage of notes shifted. Additionally, the analy-
sis shows that the original versions contain a similar
number of syncopations to the 25% variations. The
slight differences in the distribution across metrical
positions between the two versions, observed mainly
on beats 3 and 4, are driven primarily by three songs,
and therefore, it is unlikely that they can account for the
differences in the ratings.

In contrast to the distribution between metrical posi-
tions shown in Figure 5, the distribution across instru-
ments shown in Figure 6 reveal stark differences
between the original version and the algorithmic varia-
tions. While the generated syncopation is rather evenly
distributed between instruments, the original versions
have close to no syncopation in the hi-hat cymbals,
except for the one instance, and increasingly more syn-
copation in the kick/snare drum, bass and guitar/key-
board instruments. Noticeable are also the differences in
the distribution between metrical positions in the
drums, where metrical positions 2 and 4 (the backbeat)
are syncopated only once in the ten original MEs. In
addition to the comparison shown in Figure 6, we
report the total syncopations in the four instruments
in the different variations in Table 3.

We must note that the distribution of syncopation in
the generated transformations is restricted by the dis-
tribution of events in the deadpan versions, which in
turn depends on the original versions. After all, for an
event to syncopate, it must first exist. The weak eighth-
note positions are less populated than the beat positions,
resulting in the alternating high-low syncopation pat-
terns of Figure 5, characteristic especially of the gener-
ated variations. As can be seen in Figure 6 (bottom
panels) this alternating pattern is due mainly to the
distribution of notes in the bass and guitar parts. In
contrast, the hi-hat cymbal contains a rather constant
density of events in the original versions which results
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FIGURE 5. Total number of syncopation instances found across all music examples at different metrical positions for the original and algorithmic

variations. On the right panel the total number of syncopations across all music examples in each variation is shown.

FIGURE 6. Total number of syncopation instances across all music examples at different metrical positions for each instrument separately. In each

panel the total number of syncopations is shown for the two versions.
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in the generation of more evenly distributed random
syncopation (Figure 6 top left panel).

In summary, the above analysis shows that the
amount of the original syncopation and its distribution
across metrical positions is similar to that of the 25%
algorithmic variation. However, these syncopations are
distributed differently in the original versions and the
algorithmic variations. While the algorithmic syncopa-
tion is distributed evenly between the instruments, in
the original versions the bass and guitar instrumental
layers carry most of the syncopation, while syncopation
in the drums is significantly more rare and the hi-hat
cymbals are never syncopated.

Interaction Across Instruments
The non-uniform distribution of syncopation between
the instruments in the original excerpts presented in the
previous subsection brings attention to the potential
weakening of the metrical feel because of the ‘‘vertical’’
interaction of random syncopations, that is, because of
interactions between instruments. Such interactions
could take three forms:

1. Syncopations that occur simultaneously in more
than one instrument.

2. Syncopations that occur simultaneously in more
than one instrument and introduce different met-
rical levels, for instance, when in one instrument
a note at the sixteenth-note level and in another
instrument a note at the eighth-note level synco-
pate the same beat position.

3. Syncopations of strong beats that are not articu-
lated by any other instrument.

Each of the above cases has the potential to weaken
the metrical feel and therefore could affect the experi-
ence of groove. We counted the number of syncopations
belonging to these three different classes above. The
results are shown in Table 4. The original versions and
the 25% variation show almost no differences. In fact,
the number of simultaneous syncopations is slightly
greater in the original versions. The last column of the
table reflects the fact that the hi-hat cymbals are never
syncopated in the original versions and therefore all

beat positions are articulated. However, although the
25% variations have considerable syncopation in the
hi-hat cymbals, there were only two instances in all
songs where syncopations coincided with a silent beat.

In summary, the interaction between syncopation
across instruments shows no notable differences
between the original versions and the 25% variations.

Cross-rhythmic and Phase-shifted Syncopation Patterns
In addition to the ‘‘vertical’’ interaction between simul-
taneous syncopations, we examined the ‘‘horizontal’’
interactions of syncopations; that is, the rhythmic pat-
terns that syncopating notes create. In particular, we
examined the existence of cross-rhythmic and phase-
shifted patterns. Cross-rhythmic patterns form isochro-
nous pulses of non-integer relations to the beat; for
instance, a series of dotted eighth note durations in
a 4/4 meter (Figure 7). Phase-shifted patterns form iso-
chronous and syncopating pulses of integer relations to
the beat; for instance, a series of off-beat quarter-note or
eighth-note durations that are not aligned to the estab-
lished 4/4 metrical grid. Both the above patterns can be
summarized under a single operational definition: pat-
terns articulating an isochronous pulse in which at least
one of the notes is syncopating. This definition captures
that such patterns, given sufficient duration, suggest an
alternative pulse to the one of the established meter. A
notable exception to the above definition is an isochro-
nous sequence of eighth note durations that ends with

TABLE 3. Total Number of Syncopations Split by Instrument

Transformation Cymbals
Drums

(snare/kick)
Guitar or

Keyb. Bass

25% 56 44 43 40
50% 104 84 78 75
70% 132 109 109 100
Original 1 30 81 59

TABLE 4. Total Number of Syncopations in the Music Examples with
Three Different Relations to the Other Instruments

Variation
Simultaneous
syncopations

Simultaneous
syncopations

Different metrical
levels

Syncopations
with no

articulation of
beat

25% 38 19 2
50% 104 47 3
70% 148 69 16
original 42 21 0

FIGURE 7. Example of a cross-rhythmic pattern. Five notes form an

isochronous pulse (*) of a dotted eighth note pulse duration, three of

which syncopate. The quarter note pulse is marked with vertical lines.

The length of the pattern is three quarter note beats.

514 George Sioros, Guy Madison, Diogo Cocharro, Anne Danielsen, & Fabien Gouyon

D
ow

nloaded from
 http://online.ucpress.edu/m

p/article-pdf/39/5/503/706687/m
p.2022.39.5.503.pdf by U

niversity of O
slo user on 24 January 2023



a single syncopated note. Such patterns are excluded
from this analysis.

We first identified patterns that belong to the above
operational definition for each variation and instrument
of each song and counted the syncopating notes in each
of them. We then calculated the ratio of syncopating
notes belonging in such patterns to the total number
of syncopating notes for each ME. Finally, we averaged
the ratios across all songs for each variation. In Figure 8,
we present the results split into three groups based on
the length of the counter-rhythmic pattern (phase-
shifted and cross-rhythmic patterns are collapsed). The
original syncopations belong to counter-rhythmic pat-
terns more than twice as often compared to the 25%
variations. Moreover, they form twice as often patterns
that have a length of dotted-quarter-note and three
times more often patterns of half a bar length or longer.

In Figure 9, we present the results for phase-shifted
and cross-rhythmic patterns separately (pattern dura-
tions are collapsed). The percentage of syncopations
in phase-shifted patterns gradually increases for the
25%, 50%, and 70% variations respectively. This
reflects the fact that the larger the number of synco-
pating notes in a certain instrument the more the like-
lihood that they will form an isochronous pulse. For
instance, if every note articulated on the beat is shifted
to the previous eighth note metrical position a phase-
shifted pattern will be formed. The likelihood of such
‘‘serial’’ syncopations thus becomes greater as the
amount of syncopation increases.

The original syncopation in the guitar and bass has
similar levels to that of the 50% variation (see Table 3).
It is therefore more likely to form phase shifted patterns
than the syncopation in the 25% variation. However,
the syncopation ratio in phase-shifted patterns in the
original versions is slightly greater than in the 50%
variations. Especially for the slower, quarter-note,
phase-shifted pulses it corresponds to that of the 70%
variation. Thus, only part of the original slow phase-
shifted patterns is the result of chance.

Although phase-shifted patterns could be formed by
chance, cross-rhythmic patterns undoubtedly are not, as
can be seen from the corresponding low ratios of the
algorithmic variations in Figure 9 that do not depend on
the amount of syncopation. Cross-rhythmic patterns
are formed by a specific combination of syncopating
and non-syncopating notes that is less likely to occur
by chance. Most noticeably, syncopation in the original
music excerpts forms twice as often cross-rhythmic pat-
terns compared to any of the algorithmic variations.
This is also reflected in Figure 8: the syncopation ratio
that forms cross-rhythmic and phase-shifted patterns of
any duration in the original versions (44.3%) is consid-
erably higher to that in the 25% (19.7%) or the 50%
variation (27.2%) and only comparable to the 70%
variation (45.5%).

FIGURE 8. Average of the ratio of number of syncopations belonging in

a counter-rhythmic pattern to the number of total syncopations in the

respective music example, across all music examples, split according to

the length of the counter-rhythm.

FIGURE 9. Average of the ratio of number of syncopations belonging in

a cross-rhythmic or phase-shifted pattern to the number of total

syncopations in the respective music example, across all music

examples. The pulse of the phase-shifted patterns had a duration of

either an eighth note or a quarter note. Cross-rhythmic patterns are

not split according to the duration of the pulse. We report that the

pulse of the cross-rhythmic patterns had most often a duration of

a dotted eight note, less often of a dotted quarter note, and rarely,

only in the 50% and 70% variations, of 5x sixteenth notes.
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In summary, more and longer counter-rhythmic pat-
terns are found in the original versions than in the
algorithmically generated variations.

Distribution of Pickups
As a result of the syncopation algorithm, the number
of pickups in the algorithmically syncopated varia-
tions was uniformly reduced. After all, by their defi-
nitions, syncopation and pickups depend on the
same bonds between notes on weak metrical posi-
tions and the following stronger ones, and therefore
in many cases they are mutually exclusive. To ensure
that our transformation algorithm would introduce
syncopation in as random as possible metrical posi-
tions, it was not restricted by the pickups in the
original versions which were ‘‘shifted’’ together with
the syncopating notes as described earlier. Although
the rhythmic figures were maintained after the shift,
they might not anymore constitute pickups because
of their relation to the beat. Figure 10 presents the
distribution of pickups across metrical positions in
a similar graph to the one presented for syncopation
earlier.

In summary, the algorithmic generation of syncopa-
tion results in a proportional decrease of the number of
pickups. In particular, the average ratio of the number of
pickups between the original and the respective 25%
variation across all songs is 0.72.

DISCUSSION

The most obvious difference between the algorithmic
syncopation applied in this experiment and its original
music excerpts, or the drum loops of Witek et al. (2014),
and the algorithms of the experiments of Sioros et al.
(2014), is the stochastic nature of the former. Syncopa-
tion was introduced indiscriminately in each voice and
in any position without considering the patterns formed
by the syncopating notes, nor the rhythmic or other
structure of each excerpt. Having in mind that the
de-syncopation algorithm is also an automatic transfor-
mation that is completely reversible, and therefore the
original syncopation could also be automatically gener-
ated, the following question arises: are there certain
patterns of syncopation that create groove, such as the
syncopation patterns of the original music excerpts of
this experiment, while others do not? Can one deter-
mine the characteristics of successful syncopations in
a systematic way?

Our analysis of the differences between the original
music excerpts and the algorithmic variations point to
some possible answers. Three main differences were
identified between the algorithmic variations and the
original syncopations: 1) the distribution of syncopation
between the instruments, which in the generated varia-
tions was even, while in the original consists in different
number of syncopations in each instrument, with the
hi-hat cymbals having no syncopation, the kick-snare

FIGURE 10. Total number of pickups across all music examples at different metrical positions for the original and algorithmic variations.
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patterns having no displacements of the snare on 2 and
4, and finally the bass and guitar with the highest
number of syncopations, 2) the counter-rhythmic
(cross-rhythmic or phase-shifted) patterns that the syn-
copation creates in the original excerpts and that are
reduced in number and duration in the algorithmic
variations, and 3) the reduced number of pickups in the
algorithmic variations.

These findings suggest specific improvements that
can be integrated into the generative algorithm pre-
sented earlier, as well as more generally in rhythm gen-
eration algorithms to produce rhythmic variations that
better suit the funk and rock styles, as in the original
excerpts. The implications of these findings for meter
perception and the sensation of groove are discussed in
detail in the following section.

GENERAL DISCUSSION

In what follows, we consider the implications of the
findings of the rhythmic analysis of Study 2 about the
differences between the algorithmic and original synco-
pation for the perception of pulse and the sensation of
groove, which is reflected in the ratings of the listening
experiment of Study 1.

In the original music excerpts of the experiment, the
syncopation was not uniformly distributed between the
instruments: certain instruments were heavily synco-
pated while others were not syncopated at all. In a pre-
vious study, Sioros et al. (2012) observed a similar
distribution of syncopation among the instruments in
songs taken from the RWC Music genre dataset (Goto
et al., 2003). A tapping study (Witek, Clarke, Kringel-
bach, et al., 2014) showed that when a syncopated
rhythmic stream is combined with one or two non-
syncopated streams the perceived stability of the
rhythm is increased. These observations are related to
a more general assumption that a stable rhythmic layer
is needed to establish a metrical framework against
which the syncopation is felt. The randomness intro-
duced by our algorithm in the vertical dimension
(across instruments) might have weakened the metrical
feel and introduced ambiguity in the perception of the
basic pulse. This ambiguity increases with the number
of random syncopation shifts introduced, which is in
agreement with the results showing that the 25% varia-
tions did not negatively affect the sensation of groove
but rather had a small positive effect compared to the
dead-pan version.

As seen in Table 4, the beat succeeding the syncopa-
tion was articulated by one of the instruments for
almost all syncopations of the 25% variations and no
other interactions between simultaneous syncopations

in different instruments were fundamentally different
from the original excerpts. Therefore, the combination
of all instruments provides in fact a clearly articulated
beat. However, each instrumental layer of the 25% var-
iations provides only a partially articulated beat. If ran-
dom distribution of syncopation between instruments
leads to a weakened metric framework because all layers
become unstable, this implies that each rhythmic stream
is at some level processed in the mind independently
and that cues for pulse and meter are extracted for each
stream before combined into a single coherent
framework.

Furthermore, familiarity with the rhythmic patterns
as well as style bias have been shown to have a positive
effect on groove ratings (Senn et al., 2018, 2019). The
stochastic manipulation altered the familiar patterns
characteristic of the music style of the original
excerpts, such as the steady pulse provided by the
non-syncopating hi-hat cymbals or the back-beat
‘‘metrical anchor’’ of the snare drum. Such clear instru-
ment roles, which may, among other, assist the listen-
ers in inferring a more steady meter, are absent in the
algorithmically generated variations, resulting in the
sense of pulse and meter as well as groove being
weakened.

Our second finding—that the original syncopation
forms more counter-rhythmic patterns and that these
patterns have often longer durations than in the algo-
rithmically generated variations—is open to a similar
interpretation. Counter-rhythmic patterns form an
alternative isochronous pulse, which does not coincide
with the basic pulse of the established meter. One can
argue that such patterns suggest the possibility of an
alternative beat that is processed in the mind in parallel
to the primary meter; the longer the duration of the
pattern, the more probable is an alternative metrical
interpretation of the rhythm.

The above findings and hypotheses agree with the
recent predictive coding interpretation of incongruent
rhythms (Koelsch et al., 2019; Vuust et al., 2018). The
predictive coding explanation essentially formalizes
Huron’s definition of syncopation as a certain class
of violation of metrical expectations that challenge but
do not annihilate the established meter (2006, p. 303).
According to the model, syncopation is felt stronger
when the prediction error arising from a syncopating
note is larger. The prediction error is weighted by the
certainty, that is, the precision, of the prediction, so
that a weak pulse sensation leads to a weak prediction
which in turn leads to a smaller error and a weak
syncopation feel. In a polyphonic context some rhyth-
mic streams will create strong predictions, while other
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rhythmic streams challenge them and produce predic-
tive errors. In all automatically generated MEs of this
experiment, the streams in combination articulate
fully the beat and one would expect that, when heard
in combination, a strong feel of pulse should emerge.
Our results suggest, however, that this interaction
between pulse-establishing and pulse-challenging
events is significantly weakened when the separate
rhythmic streams do not have distinct roles. When
syncopation is evenly distributed across streams, each
rhythmic stream only partly articulates a regular
pulse, which is frequently interrupted. This might not
be as effective in creating the steady sense of pulse
needed for syncopations to have a groove-inducing
effect.

The widespread use of cross-rhythmic and phase-
shifted patterns in the original excerpts further sup-
ports this as isochronous patterns that do not align
with the established beat might create relatively strong
and independent but complementary pulse layers.
Such a sense of an independent isochronous pulse
entails the independent processing of the correspond-
ing rhythmic stream. One reasonable hypothesis, then,
is that streams related to the main and alternative
pulses, respectively, are first processed separately and
that an overall predictive model is inferred after this
initial processing. Several scholars of Western music
theory have argued against such a possibility; that is,
of parallel processing of different meters or poly-
meters in the mind (see London, 2012, Chapter 6
discussion on metric dissonance). Scholars of West-
African instrumental music, have, on the other hand,
indirectly opened up for this option. Jones (1954), for
example, in his classic ethnomusicological research
into cross-rhythmic musical textures in West-African
drumming traditions, states that ‘‘the cardinal princi-
ple of African music is the clash and conflict of
rhythms’’ (p. 27). Pantaleoni (1972) agrees with Jones
in complementary patterns being metrically constitu-
tive of these musical traditions but claims that the basic
bell pattern is primary in the interaction with the cross
pattern. Agawu (1986) opens up for both metric dis-
sonance being a fundamental level of structure and
a metric situation characterized via concepts of fore-
ground, middle ground, and background. As to exper-
imental research, the study by Poudrier and Repp
(2013) concludes that musicians can track the beats
of two simultaneous rhythms in a cross-rhythmic rela-
tionship, albeit not perfectly. Stupacher et al. (2017)
found that neural oscillations entrain simultaneously
to both parts of 4:3 polyrhythms, for both musicians
and nonmusicians. The authors conclude that in the

case of the simple polyrhythms of that study, the neural
oscillations corresponding to the two parts are even-
tually integrated into a common rhythmic framework,
although more complex polyrhythms could employ
more complex mechanisms or independent time-
keepers. All these accounts suggest that a combination
of two different rhythmic streams may underlie
instances of extensive syncopation in music. In the
present context, however, the overarching question
emerging from these studies that remains unanswered
is whether we tend to experience a hierarchical rela-
tionship between these two rhythmic streams/predic-
tive models or not.

Our third finding concerns the relation between
pickups and groove, which has been largely overlooked
in the music cognition literature. To our knowledge
there is no report of a systematic study of it. In the
past experiment of Sioros et al. (2014), the combina-
tion of pickups in the beginning of monophonic
melodic phrases and a syncopating note at the end
resulted in increased groove ratings. It was proposed
that the pickups create a strong metrical framework
that enhances the effect of syncopation at the end of
each phrase. Our findings point to pick-ups supporting
the pulse and hence syncopation also in the poly-
phonic structures examined here. One explanation is
that pickup notes function as cues for the following on-
the-beat note, increasing our expectations for that note
and emphasizing the corresponding metrical position.
However, one cannot exclude an effect of pickups on
groove that is independent from syncopation. As pick-
ups introduce faster metrical levels, both the above
explanations would be consistent with previous find-
ings that faster metrical levels are associated with
groove (Madison & Sioros, 2014; Madison et al.,
2011). The current knowledge does not point to any
one explanation being more likely.

In conclusion, we found that the original syncopa-
tion does create the sense of groove, in contrast to the
randomly generated syncopation for the same music
excerpts. The original degree of syncopation is quite
high (close to 50% of the onsets in relatively strong
metrical positions for bass and guitar riffs) and it often
forms short isochronous patterns that suggest an alter-
native pulse. Nevertheless, the meter is not challenged.
A timekeeper rhythmic layer articulated by the hi-hat
cymbals and style-specific anchors like the unsynco-
pated second and fourth quarter note ‘‘back-beat’’
positions balance the overall syncopation and create
a strong feel of pulse and meter. The pulse is further
enhanced by pickups. In contrast, the stochastic nature
of our algorithm creates a uniformly distributed
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syncopation both in time and across instruments,
which lacks the necessary synergies present in the orig-
inal music for an increased sensation of groove to
emerge.

The above analysis of the MEs does not provide def-
inite answers but points to four concrete hypotheses
that can be tested in further experiments. First, the sen-
sation of groove in a polyphonic context is increased
when certain rhythmic streams can evoke a strong sen-
sation of pulse and meter that is challenged by synco-
pation in other streams. Examples of such rhythmic
streams are a close-to-isochronous timekeeper, or cul-
turally familiar and learned patterns, such as the back-
beat pattern on the snare. In contrast, the absence of
such distinct roles weakens the sensation of groove.
Second, syncopation that forms patterns that suggest
an alternative beat, such as cross-rhythmic or phase-
shifted patterns, is more effective in creating groove
than other repetitive forms of syncopation. Third, syn-
copation is more effective in creating groove when com-
bined with pickups. This hypothesis is twofold: 1)
pickups alone increase the sensation of groove, and 2)
pickups strengthen the metrical feel which in turn
enhances the syncopation feel and the sensation of
groove. Finally, a fourth hypothesis comes about from
the combination of the first two. The groovy feel of
patterns such as the original music excerpts used in this
study might be the result of interacting metric models
that can be processed in parallel. While congruent
meters lead to one dominant meter, competing meters
can lead to rhythmic phenomena such as the sensation
of groove.

Conclusion

The purpose of the two studies presented in this paper
was to examine the effect of syncopation on the percep-
tion of groove independently of other expressive fea-
tures of music performances and to investigate the
role of the amount of syncopation in this effect.

The first study confirmed that syncopation creates
groove in realistic and complex polyphonic music in
agreement with previous research on simpler music
examples (Sioros et al., 2014; Witek, Clarke, Wallen-
tin, et al., 2014). However, it also showed that not all
syncopation patterns have the same potential to
induce the pleasurable movement associated with
groove. While the original syncopation, ‘‘created’’ by
musicians was successful, a similar amount of algo-
rithmically generated syncopation did not have the

same effect. Therefore, the inverted U-shaped relation
between the amount of syncopation and groove that
was previously presented by Witek et al. (2014) and
was subsequently the basis for the predictive coding
explanation of the relation between groove and syn-
copation (Koelsch et al., 2019) was not fully
replicated.

While the first study showed that the degree of syn-
copation alone is not a good predictor of groove ratings,
the second study challenges the general validity of the
theoretical foundation of syncopation as an overall sca-
lar quantity. It offers instead a comprehensive rhythm
analysis that takes into account interactions between
syncopating patterns, either articulated simultaneously
by different instruments or serially by a single instru-
ment. This type of analysis proved successful in identi-
fying certain key structural differences between music
examples with similar degrees of syncopation, but
which differed in the groove ratings they received. The
analysis provided insights into the listeners’ response to
the algorithmic variations contrasted with the original
excerpts. Taken together, the two studies helped us for-
mulate four concrete hypotheses about specific rhyth-
mic properties of the music examples that induce
groove, which will be tested in follow-up laboratory
experiments.
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CÂMARA, G. S., & DANIELSEN, A. (2020). Groove. In A. Rehding
& S. Rings (Eds.), The Oxford handbook of critical concepts in
music theory (Vol. 1, pp. 270–294). Oxford University Press.

DANIELSEN, A. (2006). Presence and pleasure: The funk grooves of
James Brown and Parliament. Wesleyan University Press.

DANIELSEN, A. (2010). Here, there and everywhere: Three
accounts of pulse in D’Angelo’s ‘‘left and right.’’ In A.
Danielsen (Ed.), Musical rhythm in the age of digital repro-
duction (pp. 19–36). Ashgate/Routledge.

DANIELSEN, A. (2012). The sound of crossover: Micro-rhythm
and sonic pleasure in Michael Jackson’s ‘‘Don’t Stop ‘Til You
Get Enough.’’ Popular Music and Society, 35(2), 151–168.

DANIELSEN, A. (2015). Metrical ambiguity or microrhythmic
flexibility? Analysing groove in ‘Nasty Girl’ by Destiny’s
Child. In A. Doehring, D. Helms, & A. F. Moore (Eds.),
Song interpretation in 21st-century pop music (pp. 53–72).
Ashgate.

DANIELSEN, A. (2018). Pulse as dynamic attending: Analysing
beat bin metre in neo soul grooves. In C. Scotto, K. M. Smith,
& J. Brackett (Eds.), The Routledge companion to popular
music analysis: Expanding approaches. (pp. 179–189).
Routledge.

DAVIES, M., MADISON, G., SILVA, P., & GOUYON, F. (2013). The
effect of microtiming deviations on the perception of groove in
short rhythms. Music Perception, 30(5), 497–510.

FITCH, W. T., & ROSENFELD, A. J. (2007). Perception and pro-
duction of syncopated rhythms. Music Perception, 25(1),
43–58.
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Appendix
Supporting Figures

Reduced representation of the rhythmic structures of
the ten transcriptions of the music excerpts and their
algorithmic variations. Each figure corresponds to
a music excerpt (1-10) and its algorithmic variations:
deadpan (de-syncopated), 25%, 50%, and 70% synco-
pation. The horizontal axis represents time with the
vertical grid lines corresponding to the metrical grid.

Solid lines correspond to the beginning of the bars.
Black dashed lines correspond to the quarter note level.
Grey dashed lines correspond to the sixteenth note level.
Each instrument in a variation is notated in a separate
line, with the black dots corresponding to the positions
of the note onsets.
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