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Yortuba dundin drumming is an oral tradition which allows for manipulation of gliding pitch
contours in ways that correspond to the differentiation of the Yoruba linguistic tone levels. This
feature enables the drum to be employed as both a musical instrument and a speech surrogate.
In this study, we examined four modes of the dundun talking drum, compared them to vocal
singing and talking in the Yorubé language, and analyzed the extent of microstructural overlap
between these categories, making this study one of the first to examine the vocal surrogacy of
the drum in song. We compared the fundamental frequency, timing pattern, and intensity
contour of syllables from the same sample phrase recorded in the various communicative forms
and we correlated each vocalization style with each of the corresponding drumming modes.
We analyzed 30 spoken and sung verbal utterances and their corresponding drum and song
excerpts collected from three native Yoruba speakers and three professional dundin
drummers in Nigeria. The findings confirm that the dundin can very accurately mimic
microstructural acoustic temporal, fundamental frequency, and intensity characteristics of
Yorubéa vocalization when doing so directly, and that this acoustic match systematically
decreases for the drumming modes in which more musical context is specified. Our
findings acoustically verify the distinction between four drumming mode categories and
confirm their acoustical match to corresponding verbal modes. Understanding how musical
and speech aspects interconnect in the dundun talking drum clarifies acoustical properties that
overlap between vocal utterances (speech and song) and corresponding imitations on the drum
and verifies the potential functionality of speech surrogacy communications systems.

Keywords: talking drum, speech surrogate, music, acoustics, dundun, Nigeria, pitch, rhythm

INTRODUCTION

Yoruba dimdin drumming is a musical-oral tradition wherein the characteristic of the drum as a
variable-pitched membranophone allows the manipulation of intensity and pitch.' in ways that can
mimic the tones and gliding contours of the Yorub4, a tonal language, spoken in south-west Nigeria.
This unique feature enables the dundin drum (commonly referred to as the “talking drum”) to be

'Following Villepastour (2014), we will use pitch to reference the fundamental frequency produced by the drum and the
fundamental of a speech utterance, and “speech tone” to refer to the relative pitch of a spoken syllabus in Yoruba.
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FIGURE 1 | DundUn percussionists. Drummers can play individually, but more commonly in ensembles.

employed as both a musical instrument and a speech surrogate.
The dual function of the drum, its role in the Yorubd social-
cultural milieu, and the belief that it is the most eloquent of
Nigerian talking drums (Euba 1990) have thus drawn the
attention  of  linguists, (ethno) musicologists, and
anthropologists with a focus on various aspects such as the
structure of the drum ensemble (Akpabot 1975; Vidal 2012;
Durojaye 2020), the social and religious functions of the drum
(Adegbite 1988), principles of dundin communication (Arewa
and Adekola 1980), and more. The dundun is played both
individually and, more commonly, in ensembles, as illustrated
in Figure 1.

Prominent characteristics of the dundun include its speech
and musical features. The aesthetic and stylistic attributes of
drum poetry inescapably share literary and musical space when
imitating Yoruba oral literature (Sotunsa 2009). Batd drums, a
very close relative of the dundun, use drum strokes as a code that
translate into Yorubd language (Villepastour 2010). Dundun
drummers, however, draw elements from music and speech to
communicate emotions on the drum (Durojaye 2019a). The
historical and social background around the dundun tradition,
organization and training of drummers, and the three main
modes of the dindin drum are addressed in Akin Euba’s
monograph Yoriibd Drumming (1990), the most extensive
work on the dundun to date.

Of particular importance to the present study is the
observation that three drum tones are consistently used to
imitate the relative tones of the Yorubd language. However,
when drum speech and human speech are compared,
linguistic representations on the drum tend to differ from the
original speech utterances (Euba 1990). Acoustical analyses
confirm this result, demonstrating that the three distinct tones
(Low, Mid, and High) are produced on a global level with three
measurably different fundamental frequencies (Connell and Ladd
1990; Akinbo 2019). In a word-level analysis, however, drummers
often produce the three tones slightly differently in a way that
mimics the spoken language. For instance, a high tone produced
before a low tone rises and is significantly higher than one
preceding a mid tone (Connell and Ladd 1990; Laniran and
Clements 2003). Moreover, Akinbo (2019) noted that the number
of drum strikes tend to be correlated with the number of syllables
present in either mono- or disyllabic words, However, this

research was conducted with single words rather than full
speech phrases. Akinbo’s research also focused solely on the
speech mode of drumming and not the drum as a surrogate
for song.

In contrast to the previous work, the precise specific acoustic
characteristics and relationships of dundin drumming modes
were examined in two sister articles. Durojaye et al. (2021)
provides a macrostructural analysis of the overall distributional
matches between two dundun modes for acoustical metrics of
intensity, fundamental frequency (f), timing, and an entropy
measure of timbre. This timbre metric analyzes the slope of the
spectral envelope to gauge changes in speech features (Toh et al.,
2005). In the present study, we examine the microstructural
correlations between individual Yorubd vocalizations at the
syllable level and expand the acoustic continuum to four
modes of dundin drumming. Here, we analyze the
microtiming patterns, fundamental frequency (fy) and intensity
contours of individual drummers playing the same auditory
sequence as one that is vocalized and compare the correlations
between the different modes of production. The ongoing acoustic
features of f, and intensity are fundamentally important to the
characterization of music and language (McBeath and Neuhoff
2002; Patten and McBeath 2020; Patten et al., 2019; Yu et al,,
2021) and aid the intelligibility of the dindin communication
(Euba 1990; Akinbo 2019). As there are various drums in the
general dundun category, we refer to the iydali (mother of the
drum) as the diindun in this study (see Durojaye 2019b, for
detailed description from an emic perspective). Gaining a full
knowledge of the communicative mechanisms of the diindun and
its role in the language-music relation benefits from contributions
with various perspectives, including acoustical analyses and
comparisons of different modes of Yorubd vocalization and
dundun drumming,

The Yoruba language, which the drum imitates, uses three
relative speech tones: Low, Mid, and High.> While the H and L
tones are realized as rising and falling intonations, in comparison,

*The Yorubé standard orthography is employed for transcriptions: H tone is
marked with an acute accent ("), L tone with the grave (*) and the M tone is usually
unmarked. Diacritics such as e/e/, 0/o/, s/fl, p/kp/, and gb/gb/are also used for
Yorubd words.
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A
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0-ké 0-ko 0-ko 0-kd
Hoe Husband Boat Spear
B
H 4
M @ L 4 L 4
L —e ® *—eo
A-gbon A-gbdn A-gbon A-gbon
Coconut Wasp Basket Chin
C
Nélo - Iwillgo
No&lo - Iwill notgo
FIGURE 2 | Three examples exemplifying various standard f, glide patterns of the Yorubé language.

the mid tone (M) is flat (its level remains the same and often
represents the default tone of a speaker). In other words, the mid
tone uses a relaxed laryngeal position, while the H and L tones
necessitate muscular tension in the larynx to create a rising (H) or
falling (L) tone. The relative speech tones are essential for word
and sentence signification and even indicate opposing meaning,
i.e., they are lexically and grammatically contrastive, as illustrated
in the following examples shown in Figure 2.

Unlike monosyllables that have three tonal possibilities,
disyllabic words have nine possible tonal patterns (HH, HM,
HL, LH, LM, LL, MH, ML, and MM). Although one can employ
all possible speech tone combinations in the language, this is,
however, dependent on the particular utterance as a word
meaning can be distorted if the wrong configurations are
employed. (Arewa and Adekola 1980). For example, while
different words can be produced from the word agbon, only
four tonal combinations are meaningful in the Yorub4 language.

Yorubé language consists of twelve vowels (seven oral vowels
and five nasal vowels), eighteen consonants, and a syllabic nasal/
n/.” Every syllable in Yoruba language contains a vowel. The
vowels constitute the Tone Bearing Unit (TBU) of the language
and are also the essence of the tonal glides occurring in the
language (Eme and Uba 2016). Glides, comprised of both rising
and falling tones, occur when a syllable consists of more than one
tone or when there are two adjacent vowels, as in olgpad (the
police) or jog (please). Words ending in a vowel are often elided
or assimilated when followed by words beginning with a vowel

*Yoruba vowels include seven oral vowels a/a/, e/e/, €/¢/, 1/i/, o/ol, ¢/3/, u/u/; five
nasal vowels an/a/, en/e/, in/i/, on/3/, and un/i/.

(Pulleyblank 2009). Since the majority of Yoruba verbs end in a
vowel and most nouns begin with a vowel, elision (the deletion of a
vowel) is a common occurrence. For example, gbé 0d6 (lift a mortar)
becomes gbddé. Elisions also occur when a preposition is followed by
a noun as in #i ilé (at home) to nile. In vowel assimilation, the
assimilated vowel becomes the same as the vowel to which it was
added, as in Mo ri i (I saw him/her), or mo pé é (I called him/her)
(Barber and Oyetade 1998). As a result, these glides, elisions, or
assimilation of vowels have an effect on the actual speech tone and
the syllable duration (Villepastour 2014). Also, unlike the nasalized
vowels which do not impact the musical setting, the syllabic nasal,
like vowels, adds to the tone length (Villepastour 2014, 31).
Speech perception relies on multiple acoustic features
produced by the vocal apparatus. Fundamental frequency has
been identified as the major component of tone perception in
Yoruba (Hombert 1976). Intensity of the sound pressure wave of
speech (perceived as loudness), which is correlated with syllable
accent and emotionality in some non-tonal languages (Sluijter
and van Heuven et al., 1996; Laukka et al., 2011), has been
identified as a lesser component of tone in tonal languages
including Yorubd and Cantonese (Odéjobi, 2007). Lastly, f,
and intensity are not perceived independently of one another.
Perception of pitch is often correlated with intensity (Neuhoff
and McBeath 1996; McBeath and Neuhoff 2002). The reverse is
also true in speech production; as speakers raise the intensity of
their voice, the f, also rises (Scharine and McBeath 2019).
Intercorrelations between fp, intensity, and timbre have also
been observed (Patten and McBeath 2020). As mentioned,
Yoruba speech tones are specifically dependent on modulation
of the f,, which is perceived as pitch. As dundin drummers are
attempting to replicate speech, a multiply determined construct,
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TABLE 1 | Characteristics of various techniques, execution, and sound types produced on the dundun drum.

Dunduin sounds Stick/syllabification technique

L and M tones
playing the tone. One drum stroke per syllable.

H tone

stroke per syllable.

Glides (from L to H or
vice versa)

One drum stroke for two tone levels/syllables

Vowel assimilation One drum stroke for two tone levels/syllables

Singing As used for speech as highlighted above.

Sometimes the use of hand and stick technique.

with an instrument that can most readily vary in f, and intensity,
it is unclear which elements of the speech signal drummers rely
on to create an effective speech surrogate.

Dundin drummers reproduce the Yoruba speech tones by
loosening or tightening the tension strings (¢sdn) surrounding
the drum’s resonator and connecting the two drumheads from
one end of the drum to the other. Although there are different
dialects spoken among the Yorub4, the dundun only imitates the
Oy¢ dialect (Akpabot 1986; Durojaye 2019b), believed to be the
standard Yoruba (Euba 1990; Villepastour 2014). The iydali
dundin is carried with a shoulder strap which hangs from the
player’s (usually left) shoulder, wherein the combination of the
left fingers, the wrist and hip bone are employed in the manipulation
of the strings (9sdn). The other hand plays the drum using a stick
known as opd or kongd (a curved stick shaped like lower case ¢
without the cross). For the drum to produce the lowest pitch,
minimal pressure is applied to the strings, and the more the
pressure, the higher the frequency. Thus, the H speech tone is
executed with the maximum pressure on the strings (Table 1).
Given that the drum only captures vowels (the Yortiba tones) and
vowels occur in every syllable of the Yoruibd language, interpretation
and analyses of drum rhythm and tone are usually in relation to
syllables. The technique of representing syllables can take many
forms such as 1) using one drum stroke for each syllable (as for a
single tone level and vowel elisions); 2) many strokes for one syllable;
3) one drum stroke for two or more syllables and 4) one drum stroke
for a syllable with many speech tone levels as would be the case for
some glides, or assimilations (see also, Euba 1990).

Past research (for example, Euba 1990) has shown that the
dundun connects music and language through three modes. First,
the “musical speech” mode in which strict or danceable rhythm is
employed, which we refer to as Drum-Dance Rhythm (D-DR).
Second, the “song form” where the drum is used to mimic vocal
singing of a text, which we refer to as Drum Singing (DS). Third,
“speech mode” in which the drum more strictly imitates speech
and follows speech rhythm, which we divided into two sub-
categories, referred to as Drum Talking, Performative (DT-P), and
Drum Talking, Direct (DT-D). We added the subcategory of DT-
D in order to test the drumming acoustical match with speech
when drummers directly try to maximize their imitation of talking

Free stroke (loose wrist movement; stick bounds off the drum head after

Muted stroke (firm wrist movement; stick does not bounce off the drum
head). Muted stroke is also usually used in the speech mode. One drum

Execution

Moderate pressure on strings (M)
Minimal or no tension (L)

Maximum pressure on tension strings

L-H: Gradual tightening of tension strings immediately after executing
the lower tone and maintains the pressure for the glided tone
H-L: Gradual release of pressure on tension strings

Tightening or releasing of tensioning strings according to the tone
contour

Vibration of the arm in addition to loosening and tightening of the
tension strings

without musical constraints. The categories we compared are
shown in Table 2. To our knowledge, no prior empirical
studies have acoustically compared all of these drum modes to
their corresponding vocally spoken or sung forms. The principal
goal of this study is to determine the extent of microstructural
acoustic representation of speech sounds on the drum, and second
to distinguish and acoustically compare the four dundin mode
categories. Here we examine acoustic fy, intensity, and microtiming
patterns and test the microstructural relationship between the
various modes of Yortiba vocalization and dundin drumming.

Our principal hypothesis, shown in Table 2, is that there are
successively larger positive correlations between the patterns of
(a) drum attack interonset intervals (i.e., duration from one attack
to the next) and interonset intervals from one syllable to the next, and
between the (b) drum and speech f;, as the drum sequentially increases
in extent of speech surrogacy from drum as song (DS) to direct talking
(DT-D). Such a pattern validates the functional variance represented
by the different drum modes. Our secondary hypothesis is that there is
a progression toward musical rhythms across adjacent drumming
modes (e.g., DT-D to DT-P to DS to DD-R) with the more musical
modes featuring greater similarity in the average length of IOIs than
more speech-like modes, which are more likely to feature non-
isochronous rhythms. Together, the hypothesized pattern of
findings would acoustically confirm that the dundin drum spans
the range of surrogacy communication systems between speech and
music at a microstructural (syllable-by-syllable) level.

METHODS

Recording and Data Collection Procedure

Three Yoruba vocal performers produced 10 examples each of
both speech and singing, for a total of 60 vocalizations. Three
independent professional drummers from three Yorubd towns
were randomly assigned 10 each of the previously recorded
speech and singing examples and were asked to represent their
assigned examples on the dimdin. Drummers performed 10
examples each of Drum-Dance Rhythm (D-DR), Drum
Singing (DS), Drum Talking, Performative (DT-P), and Drum
Talking, Direct (DT-D) for a total of 120 performances. Drum
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TABLE 2 | Categories of speech and drumming that were compared.

Vocalizing Drumming

Vocal talking (/T)

Drum singing (DS)
Vocal singing (VS)

and vocal performances were matched such that there were 30
song/DS, 30 speech/DT-P, and 30 speech/DT-D pairs. D-DR
performances did not have a matched vocal recording. All the
performers were male and monolingual Yortiba. Drummer A and
C have approximately 35years of experience of dundin
drumming, while drummer B has been playing for 28 years.
The Yoruba speakers also doubled as singers as they are well
conversant with traditional Yoruba songs.

Sample phrases were recorded at a professional studio in Ibadan,
South-West Nigeria. After listening to each of the spoken utterances,
the drummers were asked to replicate the same sequence in the
corresponding drum language. The same procedure was followed
for the songs and their drum representation. Each drummer, with
their personal drums, reproduced ten samples each of the previously
recorded spoken utterances and songs. For the song samples,
performers were asked to choose from dindin popular
repertoire and were thus at liberty to perform similar pieces. For
each of the speech samples, performers were asked to create two
recordings, one of the drum as it is typically used to represent speech
(DT-P) and one where the drummer tries to maximize their
imitation of the speech example (DT-D). The recordings ranged
between 5 and 10s in length. The drum data were recorded in a
soundproofed room with a SHURE SM57 dynamic microphone at a
3-inch distance from the drum. Spoken utterances and songs were
recorded with Audio Technica AT 2035 cardioid condenser
microphones. All recordings were made at a sampling rate of
441KHz in WAV format and saved as separate files.* The
recordings were then analyzed independently for timing, and f,
and intensity information. In the initial analysis stage, recording
errors resulting in missing data were discovered for two of the 180
recordings. As recordings were paired for vocal utterances and
corresponding drum modes, we removed the data that was
paired with the incomplete recordings, resulting in a total of five
recordings omitted from analysis (one each of VT, DT-D, DT-P, VS,
and DS), leaving a total of 175 recording samples in our final
analysis.

Analysis of Timing in Speech and Dundun

Drumming

In order to allow for comparison of timing patterns between the
drum excerpts and speech and song excerpts we measured
interonset intervals (IOIs). An IOI is defined as the duration
between successive event onsets, a standard measurement within

*Sample recordings provided in Results section.

Drum talking-Direct (DT-D)

Drum talking—Performative (DT-P)

Drum-Dance rhythm (D-DR)

When Music Speaks

TPredicted larger vocal vs drum correlation

studies on sensorimotor synchronization (Madison 2001; Repp
2005), expressive timing in music (Benadon 2006; Goldberg 2015;
Ohriner 2018), and cognitive processes like free recall of items
from memory (e.g., Rhodes and Turvey 2007; Patten et al., 2020).
In keeping with standard methods for measuring IOIs in
prerecorded music (Repp 1992; Ashley 2002), drum samples
were uploaded into the sound processing program Audacity
(Mazzoni 2021) and were then analyzed in two stages. In the
first stage, the time point for each attack on the drum was marked
in the recording. Since the physical onset of the sound envelope
for a drum typically corresponds to the perceptual attack time,
IOIs were calculated based on the physical onset of the sound
which was verified in the sound file both visually and aurally. In
the second stage analysis, onsets were coded for whether they
were produced by a single strike on the head of the drum, or by
utilizing rhythmic embellishments such as flams (short rapid note
on the drum) or dfikin (additions), a pair of rapid 16th notes.
Following musical conventions for both Western and Nigerian
drumming, the second attack of a flam was marked as the onset
for the drum stroke.

Excerpts containing verbal utterances (recordings of speech
and song excerpts by performers) underwent a related process for
analyzing timing information. Unlike drum attacks, the perception
of which corresponds to the onset of the sound event, perceptual
attack times in language are correlated with the onset of vowels,
which are considered the syllable nucleus (Peterson and Lehiste
1960; Allen 1972; Greenberg et al., 2003). In order to calculate onsets
of vowels in the speech (VT) and song (VS) samples, recordings were
uploaded into Praat (Boersma and Weenink, 2021) and then parsed
first for word boundaries, then for syllables, and finally vowels.
Vowels were identified by the onset of characteristic vowel formants.
Following onset identification, attention was given to the mid-point
of the amplitude rise (approxmiately 50%) at the beginning of the
vowel, which is broadly considered to be the “perceptual center,” or
p-center, of a vowel. (Pompino-Marschall 1991; Harsin 1997;
Ohriner 2019). The p-center was used when calculating IOIs for
speech and song excerpts.

Although Yoruba is a language without diphthongs
(Bamgbose 2000), assimilation (the approximation of two
successive phonemes toward each other and away from their
isolated pronunciation), and elision (the deletion of a phoneme)
present similar challenges to phonetic segmentation. Some
scholars have attributed an independent attack to each vowel
in an assimilated or elided phrase; however, this refers to a
descriptive, phonological end and not a perceptual one (Ola
Orie and Pulleyblank 2002). The current paper relies on
perceptual work regarding diphthongs to segment speech into

Frontiers in Communication | www.frontiersin.org

July 2021 | Volume 6 | Article 652690


https://www.frontiersin.org/journals/communication
www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles

Durojaye et al.

syllabic intervals. While longer in duration, English diphthong
vowels are not perceived as categorically different from their
monophthong counterparts (Lehiste and Petersen 1961; Fox
1983). Diphthongs are also acoustically distinct from glides
between two monophthong vowels in that diphthongs do not
reach the formant range of their ending vowel portion but have a
trajectory approaching it. This formant trajectory difference
serves to differentiate a diphthong from a monophthong
rather than cue a link between two vowels (Gay 1970). As
such, diphthongs are typically treated as a single vowel in the
speech timing analysis. In the current work, formant frequencies
were used to identify vowel onsets and assimilations; clear vowel
differences were marked as independent onsets, but formant
signatures more indicative of a trajectory toward another
vowel (a signature common to diphthongs and elisions) were
treated as a single onset (Byrd 1992; Jun 2004). For example, the
phrase “bi a” (if we) is two distinct words but is phonetically
produced as [bja]. As a result, when analyzing the timing of
syllable onsets, elisions and assimilations were treated as a single
onset. The duration of syllables, an analog of the drum 101, was
then calculated as the duration between successive vowels
between syllables. We estimate that our method for identifying
vowel onsets produces a degree of variability in the order of
5-10 ms, though this window of error may be marginally higher
in the case of vowel onsets that are preceded by nasal or liquid
consonants (e.g., [m] or [1]), as the vowel amplitude rise is not
readily apparent. In either case, this variation is likely in the realm
of an imperceptibly small change (Huggins 1972). Timing data
for speech and song were then compared to their matched drum
modes to determine correlations in timing profiles.

In order to test for the occurrence of a continuum of acoustic
features spanning the four drumming modes, the difference between
successive I0Is was computed and compared as a measure of
rhythmicity over sample phrases. Our hypothesis here is that the
average difference between IOIs increases linearly across modes
between drumming as a purely musical instrument (featuring a
greater incidence of isochronous rhythms and even rhythmic ratios)
up to directly mimicking speech, which features largely non-
isochronous rhythms and is most prone to longer breaks.
Specifically, the average IOI differences of the four drumming
modes are predicted to be ordered D-DR < DS < DT-P < DT-D.
We also gathered data to perform a post-hoc descriptive analysis of
the relationship between the IOIs of speech samples and those of
their matched drumming modes, but we do not have an a priori
hypothesis regarding any relationship differences between the modes.

Analysis of Fundamental Frequency (fy) and

Intensity

Fundamental frequency (f;) and intensity were extracted from
vocal talking (VT), vocal singing (VS), drum as song (DS), drum
as performative speech (DT-P), and drum as direct speech (DT-
D) samples with Praat (Boersma and Weenink 2021). The tempo
of recorded performances differed both between vocal and drum
phrases and between sub-phrases within a particular song.
Acoustic information was extracted and compared on a sub-
phrase basis, identified by long gaps of silence in both vocal and

When Music Speaks

drum recordings. Occasionally, some quiet time-keeping rhythms
that occurred between sub-phrases and had no f, information
were omitted. These rhythms are discussed further in the
microtiming analysis results. Tempo still differed in the
resulting sub-phrases, so longer sample phrases were
downsampled to match the shorter one. To demonstrate
similarity between vocal and drum performances, f, and
intensity correlations were calculated. However, pitch - the
perception of the f, of speech - is not solely dependent on
fundamental frequency; pitch is also influenced by intensity
(e.g., Patten and McBeath 2020). Thus, correlations are not
only computed between drum and vocal fundamental
frequencies and drum and vocal intensities, but also across
acoustic features. In other words, this analysis attempts to
understand how dundin speech surrogacy uses acoustic
features other than just f, to convey pitch information. The
hypothesis for this analysis is similar to that of the timing
analysis, that correlations between all acoustic features will
increase as there are fewer musical features (i.e., DS < DT-P <
DT-D). Similarly, it is expected that f, and intensity will
significantly correlate between drum and speech phrases and
that cross correlations between features will also be significant.

RESULTS

Timing Analysis

The timing analysis consisted of three parts, each examining and
comparing the interonset intervals (IOIs) of the various vocal and
drumming modes. The initial, principal analysis tested temporal
correlations of IOIs between corresponding vocal and drumming
modes in order to confirm the various levels of instrumental
speech surrogacy. The secondary analysis compared the average
IOI rates for each of the drumming modes to confirm the
distinctiveness of the drumming mode categories. The third
analysis compared average IOI rates between corresponding
vocal and drumming modes to explore overall systematic
acoustic trends regarding vocal vs. drumming modes.

Table 3 summarizes the results of the principal temporal
analysis comparing corresponding vocal vs. drumming modes
across all samples. As shown in the third column, our principal
hypotheses were supported, with significant correlations
occurring between each of the corresponding vocal and drum
modes, and systematically decreasing correlations when moving
from drum mimicking direct talking (DT-D) through talking in
performances (DT-P) and drum singing (DS). The fourth column
is included to verify that the drumming IOIs of the different
drumming modes, which are composed of different performances
and should not show a relationship, do not correlate with each
other. The only exception to this is the case of the DT-D and DT-
P modes, which replicate the same speech sample and exhibit a
small correlation of r(28) = 0.24.

The overall average correlation between the interonset intervals
for Vocal Talking (VT) and Drum Talking, Direct (DT-D) was r =
0.72, a large correlation that was backed up by a significant one-
sample t-test, #(28) = 13.95, p < 0.001 with a very large effect size of
Cohen’s d = 2.59. To put this in perspective, Cohen (1988) norms
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TABLE 3 | Average timing correlations of syllabic occurrences between different modes of vocalizing and drumming on the same verbal-musical sequence. One-sample
t-tests comparing correlation coefficients to a null set are included below average correlations.

Vocalizing Drumming

Vocal talking (/T) Drum talking-Direct (DT-D)
Drum talking—Performative (DT-P)
Vocal singing (VS) Drum singing (DS)

Drum-Dance rhythm (D-DR)

Vocal and drum Drum and drum

rvrom = 0.72
d =259

roto,ote = 0.35™
d=1.00)

ryrpre = 0.37 —
d=0.93

rvs,ps = 0.25"
d=0.75

ros,pro = 0.07
rospre = 0.10

- r'oproto = —0.05
roprote = 0.06
ropr,ps = 0.09

ee 9
N oo o
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Interonset Interval (s)
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Comparison of 101Is for DT-D, DT-P and VT (Sample 4)
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o= DT-D4

FIGURE 3| Interonset intervals (IOIs) for a typical vocal talking (VT) sample and corresponding imitations of the speech sequence on the drum, both direct imitation
(DT-D) and while musically performing the speech sequence (DT-P). Syllabic and drum onsets are presented as a monotonic temporal series on the X-axis, and the
duration of each onset is indicated on the Y-axis. Thus, shorter IOIs correspond to lower values and longer durations correspond to higher values. Significant peaks
represent gaps between sub-phrases. Note how the DT-D timing profile closely resembles VT, aligning robustly at the 10l peaks between sub-phrases, while the
use of rhythmic embellishments in DT-P results in a somewhat less related timing profile than that of VT and DT-D (see sound samples Supplementary Samples 1A-C).

DT-P4 emgm=V/T4

suggest a d over 0.8 is a large effect. This confirms that drummers are
able to mimic the timing patterns of Yorubd speech very robustly
when tasked to do so directly without the need to add musical
context. When playing in performance mode with some musical
context, the average correlation between VT and DrumTalking,
Performative (DT-P) drops to r = 0.37 while maintaining a
significant one-sample f-test, #28) = 5.39, p < 0.001, Cohen’s
d = 0.93. One possible reason for this lower correlation is the
increased use of rhythmic embellishments in DT-P. However,
removing flams and the first attack of every paired 16th note
that makes up an afikin does not have a significant effect on the
overall correlation (Foriginal = 0.37; Teorrected = 043, an increase of only
4% variance explained). Figure 3 illustrates the match between VT,
DT-D, and DT-P for a typical representative sequence. Peaks in the
graphs of duration onsets (IOIs) indicate breaks between sub-
phrases. Note the relative alignment of IOI peaks between vocal
and drumming modes showing alignment in phrasing. We also
include a link to corresponding auditory recordings of this sequence
to allow readers to experience the different levels of drumming IOI
and vocal sequence synchronization.

Figure 4 illustrates the match between Vocal Singing (VS) and
Drum Singing (DS), again with auditory recordings of the
sequences. Here, the correlation between vocal and drumming

modes drops further to r = 0.25, though still maintains a
significant one-sample t-test, #(28) = 4.02, p < 0.001, Cohen’s
d = 075, a medium effect size. A contributing factor to the
lower correlation between VS and DS is the increased use of
rhythmic embellishments of some syllable onsets in the form of
flams and afikin (Euba 1990) along with the insertion of short
rhythmic patterns that may serve a time-keeping function
(Panteleoni 1972). Removing flams and the second onset from
each pair of 16th notes that make up the afikiin ranges from a minor
positive impact on correlations to a significant improvement on
correlations for individual performers, but did not produce a
significant change in the overall pattern of correlations (Forigina =
0.25, #(28) = 4.02, p = <0.001, d = 0.75, Tcorrected = 0.40, #(28) = 5.53,
p < 0.001, d = 2.59, a 10% increase in variance accounted for).

Figure 5 illustrates the Drum-Dance Rhythm (D-DR) IOI
pattern with corresponding auditory recording. Here, the
sequence is not correlated with any particular vocal pattern so
none are shown. This IOI pattern shows the most musical
rhythmic characteristics, with repeating patterns of durations
that relate via even ratios (e.g., 2:1) which follow the same
patterns of musical beats and their subdivisions, alternating
with series of periodic durations. As with the other samples,
large peaks represent breaks between sub-phrases.

Frontiers in Communication | www.frontiersin.org

July 2021 | Volume 6 | Article 652690


https://www.frontiersin.org/journals/communication
www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles

Durojaye et al.

When Music Speaks

Comparison of IOIs for DS1 and VS1

Interonset Intervals (sec)

1 3 5 7 9 11 13 15

Onset Number
——VS] =—e=DSI

FIGURE 4 | Interonset intervals (IOls) for a typical vocal singing sample (VS) and the corresponding imitation of the song on the drum (DS). Present in the graph of
DS are rhythmic embellishments that shift the timing profiles of DS and VS out of alignment (see sound samples Supplementary Samples 2A,B).
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FIGURE 5 | Interonset intervals (IOls) for a typical drumming pattern in the Drum Dance Rhythm condition (D-DR). The repeating pattern of durations present in the
opening of the sample roughly follows a 4:2:1 ratio, which translates into durations of 200, 100, and 50 ms, respectively, with microtiming variation in each category. The
sample ends with an isochronous series of durations (see sound Supplementary Samples 3).
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A three-way, omnibus ANOVA comparing the effects of and
interactions between drum and vocal correlations across mode
(DT-D and VT, DT-P and VT, and DS and VS), performer, and
correction for rhythmic embellishments revealed only a
significant main effect of mode, F(2,156) = 21.29, p < 0.001,
partial n° = 0.21, a medium-though verging on large—effect
according to conventional norms (Cohen et al,, 2003). There
was a significant linear contrast between individual modes with
VT and DT-D vyielding the highest average correlation
coefficients (average r = 0.72), VI and DT-P yielding a
moderate amount (average r = 0.40), and VS and DS yielding
the lowest average correlation coefficients (average r = 0.33),
F(1,171) = 31.57, p < 0.001, n° = 0.20, a large effect according to
Cohen (1988) norms. The discrepancy between the effect sizes of
the omnibus test and the linear contrast is likely due to the
difference in degrees of freedom. Either way, there is between a
medium and large effect of mode. These analyses (for original
data only) can be seen graphically in Figure 6.

In our secondary timing analysis, we compared the average
difference between successive IOI times of the four drumming
modes. Timing differences between IOIs differed as a function of
drum mode type, as can be seen in Figure 7. As predicted, there
was a significant linear trend indicating that differences between

successive IOIs increased as drumming became more constrained
to speechlike characteristics (e.g., from pure musical rhythm
(D-DR) to direct speech imitation (DT-D)), F(1,116) = 43.38,
p < 0.001, 3° = 0.27, which is a large effect according to Cohen
(1988) norms. Figure 7A illustrates four typical IOI patterns for
comparison, and Figure 7B illustrates the linear trend of
increasing IOl mean as the drumming mode has more
speechlike qualities and fewer musical rhythms.

As a third and final timing analysis, we also performed a post-
hoc comparison of timing data from speech excerpts and their
correlated drum samples. Flams and afikun differed across mode
and drummer. A two-way ANOVA of flam rates indicated a
significant main effect of drummer, but not mode or an
interaction between the two, F(2,80) = 5.44, p < 0.01, partial
1’ = 0.12, a medium effect. Pairwise comparison revealed that this
effect was driven by Drummer A’s higher average use of flams
(M = 0.40 flams per phrase) than either Drummer B (M = 0) or C
(M = 0.10). A two-way ANOVA of afikin rates, however,
revealed a significant main effect of mode, drummer, and an
interaction between the two. Drum/vocal mode yielded a
difference, F(2,80) = 9.10, p < 0.001, partial n° = 0.19, a
medium effect, that pairwise comparisons indicated was due to
the significantly lower rate of afikin in DT-D (M = 0.17 per
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FIGURE 6 | Original IOl correlations between modes and drummers. The data closely follows the linear fit (dotted red line), showing a successive, incremental
decrease in average correlation coefficient as the drum/vocal gains musical rhythms. As discussed later, this is likely due to the presence of increasing inter-phrase
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phrase) compared to DT-P (M = 1.13) and DS (M = 1.09).
Drummer yielded a difference, F(2,80) = 12.67, p < 0.001, n° =
0.24, a large effect, that pairwise comparisons indicated was due
to Drummer C’s higher usage (M = 1.52) compared to either
Drummer A (M = 0.60) or Drummer B (M = 0.27). Finally, the
correlation between mode and drummer was also significant,
F(4.80) = 3.39, p <0 .05, 1 = 0.15, a medium effect. According to
pairwise comparisons, Drummer A rarely used afikin at all,
Drummer B more evenly recruited the technique across their
modes of playing, and Drummer C relied most heavily on afikun
in DS.

Similarly, inter-phrase attacks (drum attacks without pitch
information that appear to serve a time-keeping role) differed
greatly among the recorded phrases. A two-way ANOVA
comparing the amount of inter-phrase rhythms between
drum/vocal modes and performers yielded a significant main
effect of drummer, F(2,80) = 16.06, p < 0.001, t(28) = 3.71, p <
0.001, partial n° = 0.28, a large effect. Pairwise comparisons
revealed that Drummer B drove this difference, p < 0.001
compared to both other drummers. There was also a
significant main effect of drum/vocal mode, F(2,80) = 26.32, p
< 0.001, partial n° = 0.39, a large effect. Pairwise comparisons
revealed that this difference was driven by the DS and VS mode, p
< 0.001 compared to both other modes. Finally, the interaction
between drummer and mode was significant, F(4,80) = 17.04, p <
0.001, partial n° = 0.46, also a large effect. Drummer B produced,
on average, 7.6 attacks per phrase in the DS mode, but zero inter-
phrase attacks in both other modes. Drummer A produced, on

average, 1.4 attacks in the DS mode, 0.4 in the DT-P mode, and
zero in the DT-D mode. Drummer C produced no inter-phrase
attacks in any mode. An example of these inter-phrase rhythms in
the use of the drum as song surrogate is shown in Figure 8, with
the inter-phrase rhythms resulting in more drum onsets than
syllabic onsets in the corresponding song sample. It appears that
in some instances the drummer is simultaneously recreating the
song sample phrases and playing a pacemaker rhythm to keep
time (Anku 1997).

Discussion of Timing Results

The results confirmed our hypotheses, with the highest
correlations for timing occurring between DT-D and VT and
getting progressively smaller as drum samples become
increasingly more music-like, with the lowest correlation
occurring between DS and VS. DT-D samples typically present
a near-direct mapping of syllables to drum onsets (r = 0.72),
following the same phrasing patterns with gaps between sub-
phrases as seen in Figure 3. Most DT-D samples do feature
between 1-3 additional attacks beyond the number of syllables
present in the speech samples, though this is likely due to
differences in the representation of elisions on the drum vs. in
speech (Euba 1990). In contrast, DT-P samples typically
incorporate a greater number of attacks, including the use of
significantly more rhythmic embellishments such as flams and
afikin. The inclusion of these rhythmic embellishments varies
across the samples collected, resulting in variances in correlation
of the timing profiles between DT-P and VT. In most cases, the
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FIGURE 7 | A comparison of IOls in seconds for representative samples of the four drumming modes. (A) Top graph illustrates the temporal 10l pattern for each
sample (see sound samples Supplementary Samples 4A-D). (B) The bottom graph summarizes the average I0ls across all samples for each drumming mode (with
error bars indicating +2 SE). Note the increase in average duration length as samples move from musical rhythms (D-DR, sound sample Supplementary Samples 4A)
towards the direct imitation of speech (DT-D, sound sample 4d) where more speechlike constraints are introduced to drumming rhythms. Dotted line illustrates a
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general phrase structure is preserved, but more attacks are added
into each sample phrase, altering the timing profile while still
retaining the same general shape. In keeping with this pattern of
increasing musicality changing the drum signal, differences
between IOIs linearly increased from D-DR to DS to DT-P to
DT-D. Significant differences in IOIs, particularly those that are
not in an even ratio with one another (e.g., 2:1) can be understood
as either breaks or deviations from a prevailing rhythmic pattern,
or as a representation of the more irregular timing patterns of
speech. In essence, this result simply shows that DS more closely
adheres to rhythmic synchrony than DT-D, which shows little
evidence of rhythmic synchrony. The occurrence of inter-phrase
rhythms follows a similar pattern.

Though the majority of the DT-P samples feature a greater,
though not significantly greater, number of onsets than their DT-
D and VT counterparts, the overall rhythmic profile is still
significantly more irregular than what is seen in the samples
when the drum is being used as a musical instrument (D-DR).

Samples where the drum is imitating specific songs (DS)
represents a middle ground between the rhythmic profiles of
D-DR and DT-P samples, combining some aspects of the
irregular timing patterns seen in the DT-P and DT-D samples
with periods of isochrony or repeating rhythmic patterns
reminiscent of the rhythmic regularity of the D-DR samples.
Like the DT-P samples, some of the DS samples also use flams
and afikdn, and these rhythmic embellishments can at times
obscure the similarities in timing profile that do exist between the
DS samples and their corresponding song excerpts (VS).
Removing flams and the second attack from the paired 16th
notes that make up the afikin gestures does not significantly
improve the overall correlations across all samples, though it does
have a differential effect on individual correlations for some
performers. Filtering these embellishments out of the data set
does not address all of the differences between DS and VS samples
that can be attributed to rhythmic variation. For example,
Figure 8 (top) shows the timing profiles for a DS sample that
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FIGURE 8 | Example of the temporal acoustic correspondence between a typical VS and DS sample phrase. Shown are sound pressure levels during a voice-drum
sequence of about 10 s (A) 10l timing pattern of a matched set of VS and DS sample phrases (see sound samples Supplementary Samples 5A,B). (B) Temporal
acoustic intensity graph for the VS sample. (C) Temporal acoustic intensity graph for the DS sample. Note how the two samples have approximately the same discrete
onsets (syllables or drum strikes, respectively) and rate, but that the DS sample has more onset, particularly between sub-phrases consisting of quieter, repeating
patterns of attacks that maintain a rhythmic musical time-keeping structure (exemplars marked with an asterisk).

uses neither flams nor afikin. While similarities in the timing
profiles between this DS sample and its paired VS sample are
visually apparent, the timing profile of DS is altered by the use of
inter-phrase rhythms that shift it away from the timing profile of
VS. The overall regularity and repetitive nature of most of the
inter-phrase rhythms is suggestive of a time-keeping function. It
may be that the iyaalti dindun is simultaneously representing the
song sample phrases and providing a pacemaker rhythm to keep
time (Locke 1982; Anku 1997). Differences in performers
regarding the use of inter-phrase rhythms results in differing
effects on correlations when removing rhythmic embellishments.
Performer C uses no inter-phrase rhythms, so the removal of
rhythmic embellishments from Performer Cs DS samples
significantly increases correlations between DS and VS (roriginal

=0.22, Tcorrected = 0.73), an increase from three of nine significant
individual correlations to eight of 9, and an increase of 49%
variance accounted for. In contrast, Performer B uses inter-
phrase rhythms in all of his DS samples, with an average of
7.6 inter-phrase rhythm onsets per sample. Consequently,
removing rhythmic embellishment has a negligible impact on
correlations between DS and VS (7original = 0.26, Tcorrected = 0.27),
with no changes in the significance of individual correlations.
Performer A represents a middle ground between Performers C
and B, using inter-phrase rhythms in some (but not all) samples,
along with a greater use of rhythmic embellishments than
Performer B, and so the removal of rhythmic embellishment
from his DS samples has a minor positive effect on correlations
between VS and DS (Yoriginal = 0.17, Tcorrected = 0.23), with an
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TABLE 4 | Rhythm-matched fundamental frequency and intensity correlations between different modes of vocalizing and their matched drumming modes.

Vocalizing Drumming

Vocal talking (VT) Drum talking-Direct (DT-D)
Drum talking—Performative (DT-P)

Vocal singing (VS) Drum Singing(DS)

increase from 0 of 10 significant individual correlations to three
of 10.

Results of Fundamental Frequency (fp) and

Intensity Analysis

Table 4 summarizes the correlational results comparing the f, and
intensity patterns between vocal and corresponding drumming
modes. Fundamental frequency (f;) of non-singing speech (VT)
correlated significantly with the f; of drumming as direct speech
(DT-D) and drumming as performative speech (DT-P), though the
latter to a lesser extent. Twenty-three of twenty-nine individual
samples (average df = 248) in which we compared f, of speech and
DT-D produced significant correlations, with an average group
correlation of r = 0.32. A single-sample -test comparing individual
correlations to a null set was significant, #(28) = 7.88, p < 0.001,
Cohen’s d = 1.46, a large effect according to Cohen (1988) norms.
Similarly, twenty-four of twenty-nine individual samples (average
df = 236) comparing the f, of speech and DT-P correlated
significantly, producing an average group correlation of r
0.25. A single-sample t-test of these correlations also was
significant, #28) = 7.07, p < 0.001, Cohen’s d = 1.31, a large
effect. DT-D produced significantly larger f, correlations with
drum (M = 0.32) than DT-P (M = 0.25), paired #28) = 2.50,
P <0.05, Cohen’s d = 0.46, nearly a medium effect. Like the pattern
found with the f, correlations, the correlation in intensity patterns
between VT and DT-D was larger than that between VT and DT-P
(with Cohen’s d indicating a small effect size), however the
difference did not reach statistical significance, #(27) = 1.53, p =
0.14, Cohen’s d = 0.29.

Similarly, speech intensity was correlated with drum intensity
for both DT-D and DT-P, albeit with smaller effect sizes. Sixteen
of twenty-nine individual samples (average df = 328) correlated
significantly, producing an average group correlation of r=0.13, a
small effect. A single-sample t-test yielded a significant result,
#(28) =5.23, p < 0.001, Cohen’s d = 0.97, a large effect. Fourteen of
twenty-eight individual correlations between speech and DT-P
intensity were significant (average df = 324) correlated
significantly, producing an average group correlation of r
0.08, a null effect. A single-sample t-test indicated that these
correlations significantly differed from a null set, #(27) = 2.51, p <
0.05, Cohen’s d = 0.47, a small effect. These correlations are also
presented in Table 4. Though these intensity correlations differ
slightly in both coefficient and effect size, a paired t-test indicated

Vocal fp
and drum
fo

rvr,pro = 0.32°
d=1.46

ryr,pre = 0.25™
d=131)

Iysps = 0.58™
d=3.61

Vocal intensity Vocal fp Vocal intensity
and drum and drum and drum
intensity intensity fo

rfyrpro = 0.137
d =097

ryr,pro = 0.207
d=127

rvr,pto = 0.05
d=0.29

ryr,pre = 0.08"
d =047

rvrpre = 0.17*
d=0.87

rvrore = 0.04
d=0.19

'vsps = 0.29**
d=1.83

"yTDs = 0.27*
d=1.85

rps = 0.16™
d=0.78

no significant difference between DT-D and DT-P, #(27) = 1.53,
p = 0.14, Cohen’s d = 0.29, a small effect.

Because perception of f, and intensity are not one-to-one
correlations, cross-feature correlations were also examined.
Drum f, and speech intensity were correlated for neither DT-
D (average r = 0.05, one-sample #(28) = 1.55, p = 0.13, Cohen’s d =
0.29) nor DT-P (average r = 0.04, one-sample #(28) = 1.0, p = 0.33,
Cohen’s d = 0.19). Drum intensity and speech f,, however, were
both significantly correlated. The average correlation for DT-D
intensity and speech f, (r = 0.20, one-sample #(28) = 6.86, p <
0.001, Cohen’s d = 1.27, a large effect) was slightly larger than DT-
P intensity and speech f0 (r = 0.17, one-sample #(28) = 4.70, p <
0.001, Cohen’s d = 0.87), though not significantly so (paired #(28)
= 1.10, p = 0.28, Cohen’s d = 0.20). An exemplar showing the
similar f, and intensity contours can be seen in Figure 9.

Vocal singing (VS) and the corresponding drum imitation (DS)
were also significantly correlated in f,. Twenty-nine of twenty-nine
individual samples (average df = 472) correlated significantly,
producing an average group correlation of r = 0.58. A single-
sample t-test comparing individual correlations to a null set was
significant, #(28) = 19.42, p < 0.001, Cohen’s d = 3.61, a large effect.
Similarly, the intensity of singing and the matched drum rhythm
was significantly correlated. Twenty-eight of twenty-nine
individual samples (average df = 611) correlated significantly,
producing an average group correlation of r = 0.29. A single-
sample ¢-test comparing individual correlations to a null set was
significant, #(28) = 9.85, p < 0.001, Cohen’s d = 1.83, a large effect.
Cross-acoustic correlations were also significant. Twenty-two of
twenty-nine drum f, and singing intensity correlations were
significant, producing an average correlation of r = 0.16
(average df = 472), a small effect, and a significant one-sample
t-test, #(28) = 4.08, p < 0.001, Cohen’s d = 0.76, a medium effect.
Twenty-eight of twenty-nine drum intensity and singing fp
correlations were significant, producing an average correlation of
r=0.27 average df = 566), a nearly medium effect, and a significant
one-sample f-test, #(28) = 9.94, p < 0.001, Cohen’s d = 1.85, a large
effect. These correlations are also summarized in Table 4.

Differences in average correlation across drum/vocal modes
and the acoustic features correlated were examined in an omnibus
ANOVA. There was a significant difference of average correlation
between DT-D, DT-P, and DS, F(2,335) = 36.75, p < 0.001, ° =
0.07, a medium effect according to Cohen (1988) norms. Pairwise
comparisons reveal that this effect is carried by the much larger
average correlation for DS (r = 0.33) compared to DT-D (r = 0.18)
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FIGURE 9 | Fundamental frequency (f,) and intensity contours for drum and speech. This exemplar of the f, and intensity data (pulled from Praat for Drummer B’s
Song 5, which exhibited an f, correlation of (429) = 0.80 and intensity r(664) = 0.50) shows the correlated movements between (A) drum and speech f, and (B) drum and
speech intensity. This graphic also shows (C) gaps that appear in the data (most often in 1), which are often caused by an actual lack of data at the moment or a dearth of
data points that does not allow for an accurate estimate of the acoustic feature. Finally, the temporal asymmetry between samples is also evident. This is what
necessitates the downsampling procedure to equalize the length of each sample phrase.

and DT-P (r = 0.13). There was also a significant effect of the
acoustic features (f, or intensity) correlated with one another,
F(3,335) = 42.96, p < 0.001, n° = 0.13, nearly a large effect.
Pairwise comparisons show that this effect is due to the
significantly higher fy/fy correlations (r = 0.38) compared to
others, and the significantly lower drum intensity/speech f,
correlations (r = 0.08) compared to others. The intensity/
intensity (r = 0.17) and drum fy/speech intensity (r = 0.21)
correlations are not statistically different from one another.
There was also a statistically significant interaction between
drum/voice mode and correlated acoustics, F(6,335) = 2.86,
p <0 .05, n° = 0.01, a small effect, though very close to the
benchmark minimum. This interaction is likely spurious as it
seems to indicate no meaningful difference. These average
correlations are depicted graphically in Figure 10. A post hoc
one-way ANOVA to identify the nature of these differences
investigated the standard deviation of f, differences across all
modes independently (DT-D, DT-P, VT, DS, and VS), which
revealed a significant effect, F(4,140) = 11.91, p < 0.001, ° = 0.25,
a large effect. Pairwise comparisons revealed that this result was
driven only by a significantly lower f, standard deviation for VT

(M =17.83) compared to DT-D (M = 23.50), DT-P (M = 27.37),
DS (M = 26.00), and VS (M = 23.53).

Discussion of Fundamental Frequency (fp) and
Intensity Results

Overall, significantly higher correlations are observed Drum
Singing and Vocal Singing (DS and VS), which is in line with
neither our hypothesis nor the results of the timing analysis. This
result is notable because this is the first study to show the
relationship between dundin drumming as song and vocal
singing. The DS and VS correlations are larger for both f, and
intensity as well as their cross correlations, which may be due, in
part, to the more restricted range of the f, for Vocal Talking (VT).
It is typical for the frequency range of singing to be larger than
that of talking (Hacki 1996), so this is not an abnormal result.
While singing, however, the variance in f; increases to match the
exhibited f, range of the drum. DS and VS were the only
correlates to show a significant average correlation coefficient
for all acoustic feature correlations. This indicates that in addition
to the similar f, range, drummers may be using different
information from the VS phrases to produce their DS phrases
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FIGURE 10 | Average correlation coefficients for all songs broken down by drum/vocal mode (DS, DT-P, and DT-D) and acoustic features used to obtain the
correlation (drum fp/vocal fp, drum intensity/vocal intensity, drum intensity/vocal f,, and drum fy/vocal intensity). The significant difference of DS compared to both DT-P
and DTD is apparent, as is the large effect of fy/fy correlations, small-to-medium effect of intensity/intensity and drum intensity/vocal fp, and the insignificant effect of drum
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than when listening to VT and performing either DT-D or DT-P.
While the DT-D and VT and DT-P and VT correlations were not
as high and did not produce a significant correlation between all
acoustic features, the correlations were significant between vocal
and drum f,, vocal and drum intensity, and vocal f, and drum
intensity.

DS and VS may also have exhibited stronger correlations due
to differing perceptions of f, in speech and music. While f; is an
important component of speech perception, it is not always
directly perceived. Interactions with intensity and spectral
centroid, as mentioned, can deviate pitch perception from
frequency (things). Similar pitch changes are also perceived
differently based on their location in speech (at the beginning
or ending of a syllable) and their location relative to silence
(House 1990, House 1995; Mertens 2004). Very quiet fps are also
not often perceived when occluded by other speech sounds
(Mertens 2013, Mertens 2014). While speech is characterized
by formant frequencies that vary greatly between speech sounds,
this variation is often less pronounced in singing-possibly in an
effort to maintain consistent vocal quality for the duration of the
sung vocalization (Bloothoofft and Plomp 1986). In the case of
music, both vocal and instrumental songs have been found to
exhibit similar correlations between changes in f, and intensity, so
the current music correlations are not unexpected (Scharine and
McBeath, 2019; Patten and McBeath, 2020). There are three levels
of correlations for acoustic features. The highest correlation,

across all modes, is between vocal f, and drum f,. As Yoruba
is a tonal language and f, change captures most of the variance of
changes between High, Mid, and Low tones (Odéjobi 2007), this
result is not surprising. Across all modes, this correlation explains
14% of the variance and, for DS and VS, 34% of the variance.
Correlations between vocal intensity and drum intensity, and
those between vocal f, and drum intensity do not differ from one
another significantly. As with the fy/f, correlations, the intensity/
intensity correlations are not surprising and simply confirm the
dunduin directly imitates speech. The cross correlation between
vocal f, and drum intensity, however, is surprising. This
correlation may indicate that drummers are using intensity
variations to perceptually change the pitch of the notes they
play and further enhance the dynamics of the drum. While this
correlation only explains 4% of the variance overall, it explains 7%
for DS and VS. Lastly, the correlation between drum f, and vocal
intensity was significantly lower than all other correlations. In
fact, for all modes except DS and VS, it was significantly different
from a null set of correlations. This indicates that, while some
acoustic features inform others, the intensity changes in voice are
not features used by dundin drummers to inform the f; of their
performances (Oyetade et al., 2003). While this correlation is
significant for DS and VS and may indicate a difference in how
DS is performed to imitate singing, the correlation is small
according to Cohen (1988) norms and the significance of the
one-sample t-test could be due to a large sample size.
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GENERAL DISCUSSION

Yorubd diindin drumming is a classic example of speech surrogacy
in which a musical instrument represents pitch and rhythmic
characteristics of vocal utterances. The primary purpose of this
research was to examine the speech-music relationship in the
dunddn, thereby laying the groundwork for the understanding of
the functioning of speech surrogate systems. Our goal was to
determine the extent of acoustic representation of speech sounds
on the drum, as well as to compare four diindin performance modes.
Here, we examine microtiming, fy, and intensity patterns and provide
a microstructural acoustic analysis that verifies the acoustic
correspondence between talking and singing vocalization modes as
well as their corresponding drumming modes. Analysis of 29 spoken
and sung verbal utterances (n = 58) and corresponding drum modes
(n = 87), along with samples of the drum performing as a musical
instrument (n = 30) demonstrated that the four distinct drumming
modes reflect a variety of imitation styles, ranging from purely
rhythmic to direct speech imitation. Our microtiming findings
confirmed our general hypotheses that comparisons between vocal
and corresponding drumming modes are highest for when the drum
is directly imitating speech (DT-D vs VT), next when the drum is
performatively imitating speech (DT-P vs VT), and weakest when the
drum is imitating song (DS vs VS). As anticipated, the purely
rhythmic drumming mode (D-DR) differed significantly in
comparison to other drumming modes, demonstrating that the
dundin can embody multiple distinct modes (e.g, rhythmic
instrument, song surrogate, and speech surrogate). Correlations
between f, and intensity, however, revealed a somewhat
contradictory finding in that DS and VS yielded significantly
better coefficients across all acoustic feature correlations, while
DT-D and VT and DT-P and VT did not differ. It is possible this
difference is, in part, due to the removal of inter-phrase rhythms from
the fp and intensity analysis, a necessary change to equalize the
duration of sub-phrases and accurately model correlations. The
significantly greater number of rhythmic embellishments in DT-P
and DS likely hindered IOI correlations but not those of acoustic
features, as many did not produce f, information, were produced with
low intensities, or occurred quickly enough that variations between
correlates were negligible.

While previous studies have demonstrated frequency
correlation between drum and word-level utterances (Akinbo
2019), we showed that this frequency correlation also exists at the
phrase level. Novel to this study is our finding of significantly
higher frequency correlations between the DS mode and song
excerpts when compared to speech, demonstrating that the use of
the drum as a speech surrogate can also be extended to the
imitation of song as well. Previous research has often treated
drum patterns as either representations of pure linguistic
utterances (e.g., poetic phrases) or has treated those same
drum patterns as musical patterns depending on the
disciplinary focus of the researcher. Following Nketia (1963),
most researchers discuss the signal, dance, and speech modes of
the dunddn talking drum, with most acoustical analysis taking
place on the speech mode of the drum (Akinbo 2019). To our
knowledge, Euba (1990) is the only scholar to acknowledge the
singing mode of the drum, and to date, no one has studied the
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acoustical features of this mode, making our study the first to do
so. One reason scholars may have traditionally omitted the
singing mode from discussion is due to difficulties in
distinguishing between the speech and song modes of the
dundun drum (Euba 1990). However, our results show a
consistent microstructural difference between speech (DT-D
and DT-P) modes and singing modes (DS) on the drum,
offering new evidence that can assist in acoustically
differentiating between these modes in future studies. One of
the differences we found between the speech and song drum
modes was the inclusion of inter-phrase rhythms in several of the
DS samples. These inter-phrase rhythms helped to communicate
a clear and consistent pulse through the addition of repetitive
rhythms between sub-phrases or in the use of one- or two-timed
attacks. Research on West African drumming consistently cites
the importance of a steady beat, often established and maintained
via the bell pattern, a recurrent timeline played by one or more
instruments in a drum ensemble (Locke 1982; Anku 1997;
Oludare 2016). The inter-phrase rhythms in the DS samples
may serve a similar purpose, providing a pacemaker rhythm that
keeps time underneath the song sample phrases that the drum is
performing. Indeed, it was found that the inter-phrase rhythm of
performer B tends to follow the Long-short-short (L-S-S) pattern,
known as “konkolo” rhythm among the Yoruba (Oludare 2016),
and is also consistent with the accompaniment pattern in Segu
Bamana drumming (Polak and London 2014). It is worth noting
that the use of inter-phrase rhythms varied on a performer basis,
with Performer B consistently using inter-phrase rhythms in all of
his imitations of song on the drum, while Performer C used no
inter-phrase rhythms. This variation between performers in our
study parallels similar inter-performer differences shown by
Polak and London (2014) in Malian drumming and also
shows a characteristic element of dundun performance in
which drummers employ individual forms of expression while
also maintaining a more general time-keeping function.

Also of note is our finding of significant cross-feature
correlations between drum and vocal phrases. Correlations
between the f, of drum and vocal phrases, and those between
intensity, demonstrate that the drum can be used as a surrogate in
both talking and singing modes, as mentioned. However, the
significant correlation between vocal f, and drum intensity may
indicate a perceptual correlation between f, and intensity in
speech surrogacy drumming. Similarly, the use of drum
intensity to indicate f, changes in speech suggests that
drummers are collapsing the highly multidimensional qualities
of speech into a few dimensions that can be captured by dindun
drumming.

Future research is needed to continue to deepen our
understanding of the acoustical differences between the speech
and singing modes of the iyaalu dundin. While our study is the
first to demonstrate clear microstructural acoustical differences
between these modes, further study is warranted. Additionally,
further examination of the different modes of the dundin could
compare them to modes of other percussion instruments in the
talking drum family that do not seem to mimic speech as directly.
Such analyses could complement our current findings, especially
how other drumming modes are similar to or differ from the
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dundun’s speech and song surrogacy modes. Such a focus
promises to reveal the deeper relations between speech and its
imitation on musical instruments, but also aid further
understanding of general percussive mechanisms of speech
surrogates.

In conclusion, our findings confirm that the dundun can very
accurately mimic microstructural acoustic temporal characteristics
of Yorubd vocalization when doing so directly, and that this
acoustic match systematically decreases as more musical context
is specified. This pattern of imitation is maintained to a high degree
for both speech and song in talking drum performances and is
largely absent when used principally as a dance rhythm instrument.
Frequency and intensity characteristics, on the other hand, are
more closely matched for song than talking, which may be due to
the constrained frequency range in the vocal talking phrases. Our
findings acoustically verify the distinction between the four
drumming mode categories DT-D, DT-P, DS, and D-DR, and
their acoustical match to corresponding verbal modes.
Understanding  the process of music and speech
interconnectivity in the dundun talking drum helps clarify
acoustical properties that overlap between these modes of
communication and verifies the potential functionality of speech
surrogacy communication systems.
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