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ABSTRACT
The study of rhythmic complexity aims to determine the perceptual complexity of
rhythms and how easily they can be remembered and performed. This research report
evaluates two preliminary studies that approached rhythmic complexity from two
complementary perspectives: conceptual understanding and performance. The re-
search focuses on five rhythmic complexity measures: Lempel-Ziv, Keith, Tanguiane,
Weighted Note-to-Beat Distance (WNBD), and Pressing. The rhythms used in the
studies were created by the algorithmic software designed based on the conservatory
entrance exam questions. In the first study, three expert raters evaluated the suitability
and difficulty of 80 patterns. Their scores were compared with the values obtained
from the complexity scales. The second study involved 11 conservatory students (5
female, 6 male) performing 16 selected rhythms from the initial pool.
The results demonstrated varying degrees of alignment between different scales and
expert predictions under different conditions. In fırst study, Pressing, WNBD, Keith
and Tanguiane complexity scales were found to be consistent with expert raters.
In the second study, the expert raters provided the most accurate predictions for
rhythm repetition difficulty, followed by the WNBD scale and the Tanguiane scale. In
addition, there was a significant negative correlation between the average time spent
and performance scores.
Keywords: Rhythm cognition, rhythm performance, rhythmic complexity scales,
rhythmic skill assessment

ÖZ
Ritmik karmaşıklık çalışmaları, ritimlerin algısal karmaşıklığını, ne kadar kolay hatır-
lanıp icra edilebileceğini belirlemeyi amaçlayan bir araştırma alanıdır. Bu makalede,
ritmik karmaşıklığa iki tamamlayıcı perspektiften yaklaşan (kavramsal algı ve rit-
mik kalıpların icrası.) iki ön çalışmanın sonuçlarını raporlanmıştır. Çalışmada beş
ölçeğe odaklanılmıştır: Lempel-Ziv, Keith, Tanguiane, Weight Note-to-Beat Distance
(WNBD) ve Pressing. Çalışmalarda kullanılan ritimler, Konservatuvar giriş sınavı
soruları temel alınarak tasarlanan algoritmik yazılım tarafından oluşturulmuştur. İlk
çalışmada, üç uzman değerlendirici, algoritmik olarak oluşturulan 80 ritim kalıbının
uygunluğunu ve zorluğunu değerlendirmiştir. Verdikleri puanlar, karmaşıklık ölçek-
lerinden elde edilen değerlerle karşılaştırılmıştır. İkinci çalışmada 11 konservatuar
öğrencisi (5 kadın, 6 erkek) ilk havuzdan seçilen 16 ritmi icra etmiştir.
Sonuçlar, farklı koşullar altında farklı ölçekler ve uzman tahminleri arasında değişen
derecelerde uyum olduğunu göstermiştir. İlk çalışmada, Pressing, WNBD, Keith ve
Tanguiane karmaşıklık ölçeklerinin uzman puanlayıcılarla tutarlı olduğu bulunmuştur.
İkinci çalışmada, ritim tekrarı zorluğu için en doğru tahminleri uzman puanlayıcılar
yapmış, bunu WNBD ölçeği ve Tanguiane ölçeği izlemiştir. Ayrıca, her bir soru için
harcanan ortalama süre ile performans puanları arasında anlamlı bir negatif korelasyon
bulunmuştur.
Anahtar Kelimeler: Ritmik algı, ritim performansı, ritmik karmaşıklık ölçekleri,
ritmik beceri değerlendirmesi
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INTRODUCTION
Rhythmic complexity, a central theme in the domains of musicology, psychology, and information technologies,

represents a focal point at their intersection. Known variously as complexity of musical rhythm, rhythm complexity,
temporal pattern complexity, and complexity of rhythm, the field has witnessed the development of several tools
aimed at enhancing the understanding of rhythmic complexity (de Fleurian et al., 2017; Shmulevich & Povel, 2000;
Thul, 2008; Thul & Toussaint, 2008). In the psychology literature, researchers have not only delved into rhythmic
structures but have also probed temporal perception and its cognitive underpinnings (Bolton, 1894; Buffardi, 1971;
Clarke, 1987; Fraisse, 1956, 1982; Povel, 1981, 1984; Povel & Essens, 1985; Sternberg et al., 1982; Thomas & Brown,
1974). Researchers such as Povel have delineated the fundamental tenets and limitations of rhythmic complexity, while
contributions from music theory and mathematics have illuminated the computational aspects of rhythm perception.
Various scales have been proposed to measure the perceptual complexity of rhythm, allowing for the quantification of
the inherent complexity within rhythmic structures. To date, the literature has presented 10 such scales (Arom & Ligeti,
1991; Essens, 1995; Gómez et al., 2005; Keith, 1991; Lempel & Ziv, 1976; Longuet-Higgins & Lee, 1984; Povel &
Essens, 1985; Pressing, 1999; Shmulevich & Povel, 2000; Smith & Honing, 2006; Tanguiane, 1993, 1994; Toussaint,
2002, 2003, 2004, 2005).1

This article reports two complementary studies comparing the predictive accuracy of different rhythmic complexity
scales. An array of algorithmically generated rhythm patterns suitable for assessing rhythm skills was assessed according
to five such scales (outlined below): Lempel-Ziv, Tanguaine, Keith, Weight Note-to-Beat Distance (WNBD), and
Pressing. Utilizing Thul’s classification, we primarily focused on the pattern-matching scales of Pressing (1999), Keith
(1991), and Tanguiane (1993, 1994).2 Each scale takes into account different factors underlying the perception of
rhythm, emphasizing their relative importance. The effectiveness of these scales was assessed by asking experts to
evaluate rhythm questions and student performers to reproduce the rhythms they were played.

Rhythmic complexity scales
The Lempel-Ziv scale
The Lempel-Ziv scale (1976) uses a compression algorithm that aims to create a system capable of evaluating the

randomness and complexity of finite sequences using digital data. The application of the Lempel-Ziv scale, which is
also used in areas such as heart arrhythmia, in musical rhythmic structures was introduced in Povel and Schumulevich’s
article (Shmulevich & Povel, 2000).

The method is illustrated in Figure 1. The smallest rhythmic/temporal unit in each pattern, such as a 16th note, is
represented by 1 (beat) or 0 (rest). Each new sequence of digits is called a sub-sequence for example: ‘1’ ‘00’ ‘101’ etc.
Each new sub-sequence encountered in a rhythmic sequence, notated from left to right, is counted, and the rhythmic
pattern is scored by evaluating consecutive connections. Povel and Schumelevich suggest that it would be more efficient
to write the rhythmic line twice, as the musical rhythmic patterns would be too short for the Lempel-Ziv scale. This
process continues until either a new sub-sequence cannot be found or the end of the loop, where the pattern occurs
twice, is reached (Shmulevich & Povel, 2000).3 The total number of sub-sequences obtained reflects the complexity of
the rhythmic sequence. In Figure 1-d, first sub-sequence (which is a unit) is “1” then second is “11” third is “10” . . .
last sub-sequence will be “1101” and the total number of sub-sequences is 16 so the complexity score is 16. It should
be noted that the triplet is considered the smallest unit for this rhythmic phrase.

Keith scale
In the Keith scale (1991) syncopated rhythms are classified into three categories: Hesitation, in which a note starts on

the quarter note boundary but ends on the eighth note boundary, as in starting on the beat and ending off the beat (scored
1); Anticipation, in which the second event begins before the beat and ends on the beat (scored 2); and Syncopation
(scored 3), in which hesitation and anticipation are combined, as shown in Figure 2. The scores are added together
and the higher the score the more complex the rhythmic pattern. The Keith scale can be used only to classify rhythms
consisting of units divisible by two.4

1 A comprehensive comparison of these scales is presented in Thul’s thesis (Thul, 2008), where basic evaluations are employed through a phylogenetic tree method to elucidate the
interrelationships among these scales. As observed by Thul, the most successful scales are those that incorporate human-based measures of metrical complexity testing.
2 Other scales in the field were excluded from the study as some of their assumptions were not clearly stated. For instance, the method proposed by Schumulevich and Povel (2000),
extensively discussed in Thul’s thesis (Thul, 2008), lacks clarity regarding the parameter "d," which they claim to impact rhythm repetition. Despite Thul’s use of rhythms from
Schumulevich and Povel’s work, this ambiguity remained unaddressed, leading us to exclude this scale.
3 Uncertainties exist regarding the implementation of the method discussed in Shumulevich and Povel’s article. The method described as follows: if a subsequence ends at the same
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Figure 1. a) Rhythmic sequence in staff notation; b) Rhythmic sequence notated digitally in the binary system (The smallest unit into which 1 beat is divided.
,here is 1/3 for triplet); c) Final sequence in which the same pattern occurs twice; d) Each new subsection is divided by "-".

Figure 2. (a), (b): No syncopation; (c) hesitation; (d) anticipation; (e) syncopation. The dots represent the underlying metrical "beats" (Keith, 1991, p. 134).

Keith’s work has a background that expresses the divisions of a beat in fractions. This approach was also the source
of the Tanguaine and WNBD scales. However, Keith points out that the rhythmic expression he uses in his work
can be ambiguous: "Deciding on the relative rhythmical "strength" of a hesitation, anticipation, and syncopation is
an interesting philosophical problem. Most listeners would probably agree that an anticipation is stronger than a
hesitation, and a syncopation is strongest of all. For simplicity, therefore, we define the syncopation value (s) of these
three types of events as follows: hesitation = 1; anticipation = 2; syncopation =3 (= anticipation + hesitation)" (Keith,
1991, p. 134). Despite its limitations, the Keith scale is significant as it provides a foundational approach for other
rhythmic scales. It was also used by Povel and Schumulevich (2000). In our study, it was tested on human subjects for
the first time in comparison with the WNBD and Tanguiane scales derived from it.

Tanguiane scale
Tanguiane’s method divides rhythmic patterns into single notes and sub-units (Tanguiane, 1993), which can then be

elaborated by subdividing the durations (Shmulevich & Povel, 2000). For example, a rhythmic pattern might be broken
down into sub-units like 1000, 1111, 1010, etc., where each number represents a specific rhythmic duration. These sub-
units are then analyzed to determine the complexity of the rhythm, with more sub-units indicating higher complexity.
The complexity score of a rhythm is based on the number of distinct sub-units it contains, thus, a rhythm with sub-units
such as 111, 100, and 101 would have a complexity score of 3. This method aligns with Gestalt psychology and builds
on Lerdahl & Jackendoff’s (1996) conceptual framework of rhythmic structures.

The Weighted Note-to-Beat Distance (WNBD)
The Weighted Note-to-Beat Distance (WNBD) scale measures the distance between the first beat (onset) and

subsequent beats, establishing a criterion based on the tempo ratio and the distance from strong beats (Gómez et al.,

position as a predetermined subsequence during the second repetition of the rhythm, it is assumed that no new subsequences are generated in the remaining part of the rhythm. For the
present paper, we shall abstain from addressing these matters and proceed by presenting the data from the source without attempting to rectify these errors
4 Although it may seem possible to adapt scales to measure rhythmic structures that do not follow divisions by two, this approach is susceptible to perceptual and functional misconceptions.
It is crucial to consider the perceptual differences of structures like triplets (see Clarke, 1987). Therefore, the adaptation of scales to subdivisions, such as triplets, emerges as a significant
area of research deserving detailed examination. Considering the focus of our paper, we will not delve into the intricacies of this topic. In our research, we chose not to include questions
involving triplets when evaluating the Keith and Pressing scales to ensure methodological rigor and avoid potential misinterpretations.
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2005; Thul & Toussaint, 2008), with greater distances indicating higher complexity. The measure is defined as the sum
of the inverse distances of all notes from their nearest strong beats, normalized by the total number of notes. Unlike
the Keith scale, this method integrates the tempo as a significant component. It assesses perceptual complexity by
assuming that the rhythm is played according to a predetermined tempo. In the original article (Gómez et al., 2005),
the method is described as follows:

“Firstly, notes are supposed to end where the next note starts. Let ei, ei+1 be two consecutive strong beats in the meter. By strong beats we just
mean pulses. Also, let x denote a note that starts after or on the strong beat ei but before the strong beat ei+1; we first define T(x) = mind(x,
ei), d(x; ei+1), where d denotes the distance between notes in terms of duration. Here the distance between two adjacent strong beats is taken
as the unit and, therefore, the distance d is always a fraction. . .
The WNBD measure D(x) of a note x is then defined as follows: 0, if x = ei; 1/T(x) if note x ≠ ei ends before or at ei+1; 2/T(x) , if note x 6
≠ ei ends after ei+1 but before or at ei+2; and 1/T(x) , if note x ≠ ei ends after ei+2. Let n denote the number of notes of a rhythm. Then, the
WNBD measure of a rhythm is the sum of all D(x), for all notes x in the rhythm, divided by n.” (Gómez et al., 2005).

In a simplified summary: Each beat is assigned a value, T(x), and evaluated based on three conditions: 1) Note start
on a strong beat do not receive any value. 2) If the sycopated note does not exceed the second strong beat, the value is
1/T(x). 3) If the beat intersects with the strong beats, the value is 1/T(x) but if the beat surpasses the second strong beat,
the value is 2/T(x). The total value is then divided by the number of beats in the rhythm. To demonstrate this method
with the example in Figure 1; the rhythm with 14 beats, there are 8 strong beats that will not take a value and 6 beats
between these beats, each written as a triplet. Each of these beats is T(x)= 1/3 away from the strong beats. This means
that each of them will score 3 points when processed. As a result, 3+3+3+3+3+3+3+3+3=18 is divided by 14. WNBD
score is 1.28 for same rhythm in Figure 1.

Pressing scale
The Pressing scale scores the complexity of rhythmic structures using values prepared in accordance with cognitive

complexity perception (Pressing, 1999). The fundamental idea involves grouping rhythmic patterns, comprising any
combination of 16th-notes in one beat structures and assigning a value to each group. Implementation-wise, it bears a
strong resemblance to Keith scale. In his introductory work on the scale, Pressing defined the “pattern complexity(pc)”
scores for specific rhythmic patterns (rhythmic cells), as depicted in Figure 3. To measure complexity in this method,
the pc values in Figure 3 are summed as the associated rhythmic cell appears in the beats. The sum of all pc values
gives the complexity of the rhythm.

Figure 3. Rhythms with various pattern complexities (pc) in the Pressing Scale (Pressing, 1999)

METHOD
Our research involved two studies, drawing on the results obtained from two groups of participants, expert raters and

student performers. Both studies were conducted using the Google Colab platform, enabling online data collection.
The survey tool was designed to anonymously store the information and voice recordings received from the par-

ticipants. Participants involved in the research were provided with comprehensive information regarding the nature,
purpose, and procedures of the study. Prior to the studies, ethical clearance was obtained from Izmir Democracy Univer-
sity, Publication Ethics Committee for Science and Engineering Sciences. Participants were assured of confidentiality
and their voluntary participation. They were informed about their rights to withdraw from the study at any stage without
penalty. Consent forms indicating their understanding and willingness to participate in accordance with ethical rules
were obtained by all participants through the google colab tool with a checkbox.

Rhythm pattern generation
The rhythmic patterns utilized in this study were automatically generated through a custom rule-based generative tool

coded in Python.5 Data recorded from a real exam was also taken into account to prepare the rules.6 These patterns were

5 For this tool: https://github.com/yavuzburuk/ritim (last access date: 24.11.2024)
6 MAST rhythm dataset. Zenodo. https://doi.org/10.5281/zenodo.7243752 (last access date: 24.11.2024)
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designed to model rhythm questions commonly encountered in undergraduate conservatory entrance exams, serving
as a reference point. Additionally, these generated patterns were converted into sound files, simulating the auditory
environment encountered during exam scenarios (e.g., the sound of a pen tapping on a table in a reverberant room).
The generative tool was employed to create random rhythmic patterns, focusing on two distinct levels, each featuring
two different rhythm types (options). Level 1 consisted of patterns without syncopations, whereas Level 2 included
syncopations within the second measures of each rhythmic phrase. Option 1 centered on triplet divisions, while Option
2 incorporated patterns utilizing eighth and sixteenth-note divisions. Each rhythm question spanned two measures and
featured 12-14 beats, with nonrecurring patterns.

Study 1
In the first study, seven participants who were all expert raters evaluated a sample of 80 rhythms, generated as described

above. All participants served as faculty members in the musicology, music theory, and composition departments of
the conservatories affiliated to various universities. In addition to rating the questions, participants were also asked
about their expertise in preparing questions for conservatory entrance exams and their experiences as jury members.
Subsequently, they were tasked with assessing 20 questions from two different levels, each having two options, resulting
in a total of 80 questions. The 5-point Likert-type scale they used ranged from 1 (very easy) to 5 (very difficult) to
determine the suitability of the questions for inclusion in conservatory entrance exams. The results of the study clarified
that questions rated 1 or 5 were considered unsuitable for exams (too easy or complex). The participants had the
autonomy to view the questions randomly within their designated question set. The rhythms were presented in the form
of notation, but the participants could listen to the MIDI-realized audio of each rhythm if they desired (Figure 4).

Figure 4. Study 1 – screenshot a question from the online survey

Study 2
The second study involved 11 participants; 5 female, 6 male and ages ranging between 18-28 (mean age 25). All

participants were conservatory students, who were instructed to replicate 16 rhythms selected from the initial pool of 80
(Figure 5) by tapping them on a table using a pen. The 16 questions encompassed various levels of difficulty and were
selected according to the evaluations of the expert raters in Study 1 and the scores obtained from different complexity
scales. Particular attention was given to the ratings provided by the three expert participants with prior experience of
preparing exam questions.

Figure 5. Algorithmically generated rhythm questions that were used in our study
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The rhythm questions were presented randomly. Participants listened to the audio recording and were required to
replicate the rhythms as described above. Each participant had three opportunities to listen, with the rhythm played
immediately upon pressing the play button, and a repeat after a 4-second pause. The tool recorded the number of
listening repetitions and the time taken for each question. Participants had the option to save their responses or request
to play the question again after reviewing their recording. This process yielded a total of 176 audio recordings, which
were subsequently evaluated by two experts and assigned one of the following labels: 1 (unsuccessful); 2 (major
mistake); 3 (minor mistake) and 4 (successful).

RESULTS
Study 1
We assessed the reliability of expert evaluations using Cronbach’s alpha, yielding a high internal consistency of α =

.866. To measure inter-rater agreement, Krippendorff’s alpha coefficient was calculated, resulting in α = .400 for the
seven experts. To enhance reliability, we re-calculated Krippendorff’s alpha using a subset of three expert raters who
were experienced in preparing conservatory entrance exam questions (P1, P3, P7). This produced the higher value of
α = .512, signifying moderate agreement. Subsequent analyses were based on the data from these three participants.
Pearson correlations were used to assess the agreement between expert opinions and complexity scales. All units
exhibited skewness and kurtosis values within the range of -1.5 to +1.5, indicating a normal data distribution.

As Keith and Pressing scales do not measure triplet values, the comparisons for these two scales were based on 40
questions without triplets. For the other scales, evaluations were made based on 80 questions. The Pearson correlation
relationships between the scales, the means of the experts, the scales and the experts are as shown in Table 1.
Accordingly, Pressing and Keith for 40 questions and WNBD, Tanguiane and Lempel-Ziv for 80 questions including
triplets, respectively, are in line with the experts’ averages.

Table 1. Pearson correlations of expert ratings with five different rhythmic complexity measures

The rhythm questions were presented randomly. Participants listened to the audio recording and were
required to replicate the rhythms as described above. Each participant had three opportunities to
listen, with the rhythm played immediately upon pressing the play button, and a repeat after a 4-
second pause. The tool recorded the number of listening repetitions and the time taken for each
question. Participants had the option to save their responses or request to play the question again
after  reviewing  their  recording.  This  process  yielded  a  total  of  176  audio  recordings,  which  were
subsequently evaluated by two experts and assigned one of the following labels: 1 (unsuccessful); 2
(major mistake); 3 (minor mistake) and 4 (successful).

RESULTS

Study 1
We assessed the reliability of expert evaluations using Cronbach's alpha, yielding a high internal
consistency of α = .866. To measure inter-rater agreement, Krippendorff's alpha coefficient was
calculated,  resulting  in  α =  .400  for  the  seven  experts.  To  enhance  reliability,  we  re-calculated
Krippendorff's alpha using a subset of three expert raters who were experienced in preparing
conservatory  entrance  exam  questions  (P1,  P3,  P7).  This  produced  the  higher  value  of  α =  .512,
signifying moderate agreement. Subsequent analyses were based on the data from these three
participants. Pearson correlations were used to assess the agreement between expert opinions and
complexity scales. All  units exhibited skewness and kurtosis values within the range of -1.5 to +1.5,
indicating a normal data distribution.

Table 1. Pearson correlations of expert ratings with five different rhythmic complexity measures

M(SD) N P1 P3 P7
Mean
P1,

P3, P7
LZ Pressing Keith Tanguiane WNBD

P1 3.88(0.85) 80 1
P3 3.57(1.30) 80 .741** 1
P7 4.40(0.73) 80 .591** .535** 1

Mean P1,
P3, P7 4.12(0.79) 80 .892** .921** .767** 1

LZ 18,02(1.8
1)

80 .222* .337** .162 .296** 1

Pressing 19.78(8.0
9)

40 .783** .692** .715** .815** .085 1

Keith 7.07(3.04) 40 .672** .687** .737** .780** .326* .866** 1
Tanguiane 3.48(1.16) 80 .637** .571** .533** .665** -.054 .709** .749** 1

WNBD 1.52
(0.36)

80 .661** .671** .501** .715** .526** .885** .811** .537** 1

LZ: Lempel-Ziv
*p < .05; **p <.01.

Excluding triplet questions, the internal consistency for the remaining 40 questions, as determined by
Cronbach's alpha test, was α = .787. Using the Krippendorff method, the scores of the three expert
raters with expertise in question preparation (P1, P3, and P7) yielded α = .589. Comparing the scales
with the mean scores of these three participants (M = 4.125; SD = 0.79), Pearson's correlations were r
= .815 for Pressing (M = 19.7875; SD = 8.09787), r = .800 for WNBD (M = 1.688; SD  = ,36319), r = .780
for Keith (M = 7.0750; SD = 3.0499), r = .724 for Tanguiane (M = 3.2750; SD = 1.2807), and r = .408 for
Lempel-Ziv (M = 19.7250; SD = .6300) (all p <.001). Consequently, the most successful scales among
the 40 questions were Pressing, WNBD, Keith, Tanguiane, and Lempel-Ziv.

Excluding triplet questions, the internal consistency for the remaining 40 questions, as determined by Cronbach’s
alpha test, was α = .787. Using the Krippendorff method, the scores of the three expert raters with expertise in question
preparation (P1, P3, and P7) yielded α = .589. Comparing the scales with the mean scores of these three participants
(M = 4.125; SD = 0.79), Pearson’s correlations were r = .815 for Pressing (M = 19.7875; SD = 8.09787), r = .800 for
WNBD (M = 1.688; SD = ,36319), r = .780 for Keith (M = 7.0750; SD = 3.0499), r = .724 for Tanguiane (M = 3.2750;
SD = 1.2807), and r = .408 for Lempel-Ziv (M = 19.7250; SD = .6300) (all p <.001). Consequently, the most successful
scales among the 40 questions were Pressing, WNBD, Keith, Tanguiane, and Lempel-Ziv.

It is evident that the Pressing, WNBD, Keith, and Tanguiane complexity scales closely align with expert judgments
regarding rhythm difficulty. These scales demonstrate high internal consistency and provide accurate approximations
of expert opinions in predicting rhythm difficulty. However, their performance is less optimal when assessing triplet
patterns. Additionally, the two difficulty levels in our question preparation algorithm consistently aligns with expert
opinions.

Study 2
Krippendorff’s alpha coefficient, which did not yield a high result in the initial study, increased to α =.873 for the 16

selected questions. Furthermore, the internal consistency test utilizing ratings from three participants demonstrated a
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notably high Cronbach’s alpha value of .948. In the case of these 16 questions, calculations indicated strong consistency
(Cronbach’s α = .949) and agreement (Krippendorff’s α = .6782) among all seven participants in the first study. Thus,
the reliability of both internal consistency and inter-rater agreement for these 16 questions can be confidently affirmed.
Detailed expert ratings and complexity scores for the 16 questions utilized in Study 2 are presented in Table 2.

Table 2. Expert participants’ ratings and rhythmic complexity scores for the 16 questions

It is evident that the Pressing, WNBD, Keith, and Tanguiane complexity scales closely align with expert 
judgments regarding rhythm difficulty. These scales demonstrate high internal consistency and provide 
accurate approximations of expert opinions in predicting rhythm difficulty. However, their 
performance is less optimal when assessing triplet patterns. Additionally, the two difficulty levels in 
our question preparation algorithm consistently aligns with expert opinions. 

Study 2 
Krippendorff's alpha coefficient, which did not yield a high result in the initial study, increased to α 
=.873 for the 16 selected questions. Furthermore, the internal consistency test utilizing ratings from 
three participants demonstrated a notably high Cronbach's alpha value of .948. In the case of these 16 
questions, calculations indicated strong consistency (Cronbach's α = .949) and agreement 
(Krippendorff's α = .6782) among all seven participants in the first study. Thus, the reliability of both 
internal consistency and inter-rater agreement for these 16 questions can be confidently affirmed. 
Detailed expert ratings and complexity scores for the 16 questions utilized in Study  2 are presented in 
Table 2. 

 

 

 

 

Table 2. Expert participants’ ratings and rhythmic complexity scores for the 16 questions 

Question P1 P3 P7 Mean P1,3,7 LZ Pressing Keith Tanguiane WNBD 
1 3 3 3 3 16     3 1,29 
2 3 3 4 3,33 17     3 1,29 
3 2 1 3 2 16     3 1,15 
4 4 3 4 3,67 15     3 1,29 
5 3 3 3 3 19 17 6 2 1,5 
6 5 4 5 4,67 20 23 8 2 1,69 
7 2 1 3 2 18 5 0 1 1 
8 4 4 4 4 20 17 6 2 1,85 
9 5 5 5 5 17     5 1,93 
10 5 5 5 5 16     6 1,71 
11 4 4 4 4 17     5 1,75 
12 4 4 4 4 15     4 1,25 
13 5 5 5 5 20 27 9 3 1,84 
14 5 5 5 5 20 33 12 4 2,33 
15 4 4 4 4 20 11,5 4 5 1,28 
16 4 4 5 4,33 20 25,5 10 5 1,71 

 

The scores of the student participants were then compared to these complexity ratings. Pearson 
correlations between the experts’ ratings and students' performances for the 16 questions revealed a 
significant and strong relationship, indicating that as complexity, as assessed by the experts, increased, 
student performances significantly declined (Table 3). The mean scores of the 16 questions provided 
by the seven initial study participants also significantly correlated with student performance scores (r 
= -.853, p <.001), affirming the accuracy of expert predictions in assessing rhythm repetition difficulty. 

Table 3 presents a summary of the interplay between complexity scores derived from three raters, five 
complexity scales, and student performance. Notably, the Lempel-Ziv scale exhibits no significant 
correlation with students' performances (r = -.395, p = .13), a result possibly influenced by the relatively 
small sample size and the scale's focus on longer sequences. Similarly, the Pressing scale, with only 
eight questions, does not significantly correlate with student performances (r = -.533, p = .174). The 
Keith scale, tested on eight questions, also lacks a significant correlation with student performance (r 

The scores of the student participants were then compared to these complexity ratings. Pearson correlations between
the experts’ ratings and students’ performances for the 16 questions revealed a significant and strong relationship,
indicating that as complexity, as assessed by the experts, increased, student performances significantly declined (Table
3). The mean scores of the 16 questions provided by the seven initial study participants also significantly correlated
with student performance scores (r = -.853, p <.001), affirming the accuracy of expert predictions in assessing rhythm
repetition difficulty.

Table 3 presents a summary of the interplay between complexity scores derived from three raters, five complexity
scales, and student performance. Notably, the Lempel-Ziv scale exhibits no significant correlation with students’
performances (r = -.395, p = .13), a result possibly influenced by the relatively small sample size and the scale’s
focus on longer sequences. Similarly, the Pressing scale, with only eight questions, does not significantly correlate with
student performances (r = -.533, p = .174). The Keith scale, tested on eight questions, also lacks a significant correlation
with student performance (r = -.589, p = .124). In contrast, the Tanguiane Scale displays a significant correlation with
students’ success in rhythm repetition (r = -.570, p = .021), indicating moderate alignment. Notably, the WNBD scale
shows the highest performance, with a significant correlation with student achievements (r = -.661, p = .005), making
it the most successful in predicting rhythm difficulty.

In summary, the expert participants provided the most accurate predictions for rhythm repetition difficulty, followed
by the WNBD scale and the Tanguiane scale. The Pressing and Keith scales, tested with a limited question pool, may
not have yielded significant results due to the small sample size. The Lempel-Ziv scale, despite its focus on longer
sequences, also exhibited low efficiency, emerging as the least successful scale in both studies. Additionally, it is
noteworthy that there is a significant negative correlation (r = -.606, p = .013) between the mean time spent on each
question and performance scores, implying that for highly complex rhythms, repeated listening does not contribute
significantly to performance success.

Table 3. Pearson correlations of the experienced graders and the complexity mesures with student performance scores (SPS)

SPS Mean Time P1 P3 P7 Mean P1,3,7 LZ Pressing Keith Tanguiane WNBD

SPS 1 -.606* -.830** -.843** -.738** -.839** -.395 -.533 -.589 -.570* -.661**

Mean Time
-.606* 1 .571* .612* .583* .611* .157 .555 .596 .418 .534*

N 16 16 16 16 16 16 16 8 8 16 16
SPS: Student Performance Score
LZ: Lempel-Ziv
*p < .05; **p <.01.
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DISCUSSION AND CONCLUDING REMARKS
In this study we investigated two fundamental aspects of rhythmic complexity: the cognitive processes related to

understanding rhythmic structures and the complexity linked to their execution. The first study focused on experts,
allowing us to observe the scales’ success in predicting difficulty within a relatively stable group. In the second study,
despite the expectation of consistent results from conservatory students, the desired clarity still needs to be achieved.
Nevertheless, the findings suggest potential success with an increased sample size We found a notable consistency
between students with early rhythmic training and the assessments made by expert raters with expertise in evaluating
rhythmic proficiency. This alignment suggests a potential for agreement in human judgments, even in the face of the
inherent subjectivity associated with complexity. However, each complexity scale offers a distinctive perspective on
the conceptualisation of rhythm. Consequently, the measurability of rhythm is also related to the manner in which it is
expressed.

The scales under investigation utilize diverse methods to represent rhythmic structures, which they define as stimuli
over time. For instance, the Tanguine scale focuses on the divisibility hierarchy between rhythmic structures, the
WNBD scale emphasizes the proportions to the strong beat, whereas the Lempel-Ziv scale assigns binary codes to
the rhythmic units.The WNBD scale offers a comprehensive approach to measuring rhythmic structures by defining
a distance proportion within the time framework. However, this method requires an understanding of the rhythm as a
whole, necessitating the identification of strong beats. However, it necessitates knowledge of the rhythm as a whole,
requiring the identification of strong beats. On the other hand, the Lempel-Ziv scale quantifies each value (either 1 or
0) according to a predetermined unit (as for example one millisecond), enabling the expression and measurement of the
rhythm without prior knowledge. Nevertheless, it disregards the musical attributes of these units and lacks a perceptual
basis. but completely ignores human pattern recognition information, thereby permitting distinct values to be assigned
at the basic unit level.

The results demonstrated that the complexity scales did not consistently yield results across different attempts.
The inadequacies of the scales in this regard have been previously identified in the field (Thul, 2008); nevertheless,
through these two conducted studies, one can discuss the reasons behind these inadequacies more effectively in further
research. The differences between the two studies can be attributed to their distinct focuses - judgmental difficulty
in Study1 and performative challenges in Study2. While achieving an average level of success for both studies is
possible, the significant discrepancy observed with the Pressing scale requires further examination. The Pressing scale,
based on human-based cognitive methods, showed substantial alignment with expert opinions in Study1 but did not
demonstrate significant agreement with students’ performances in Study2. This raises questions about the suitability of
cognitive-based scales in assessing rhythmic complexity in a performative context.

Despite their differences, the scales, utilizing unit-based scoring approaches to represent rhythm, yield similar results
when used to assess perceptual complexity. However, it is important to note that pattern-matching scales may sometimes
be misleading. Our selected sample revealed significant variations for rhythms predicted to be of similar difficulty.
This discrepancy highlights the limitations of these scales in capturing the nuanced perceptual differences in rhythm.
The expression of rhythm greatly influences the structure of these complexity scales, and these assumptions may not
consistently align with perceptual aspects. Therefore, further testing of complexity scales with grouped rhythms or
matching according to selected criteria is essential to ensure their consistency and necessitates reevaluation.
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