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Abstract

The integration of embodied pedagogies has a long history in music education, and especially in cho-
ral singing (Benson, 201 |; Ehmann, 1968; Jaques-Dalcroze, 1921). Manual mimicry gestures are hand
movements that mirror the spatiotemporal attributes of speech sounds with an analogous gesture
(Rusiewicz & Rivera, 2017). The present study investigated the effects of manual mimicry gestures
on the articulatory accuracy, vocal technique, and expressive artistry of non-native German speech
sounds in singing. Twenty-four college-aged voice majors were assigned to three groups, each with a
different instructional mode (i.e., no gesture, viewed gestures, viewed and produced gestures). Four
German sounds were tested in isolation and in the context of a musical phrase (fricatives ichlaut
/¢/ and achlaut /x/, and mixed vowels /y/ and /Y/). Expert listeners rated the participants’ singing at
three time points (baseline, immediate post-instruction, and 48-hours post-instruction) using visual
analog scales. Results revealed improved articulatory accuracy and vocal technique for all sounds in
all training conditions as perceived by the raters. Individuals who produced gestures during training
were not rated significantly higher than the groups trained without gestures or by viewing gestures
only. Implications for vocal pedagogy and related professions are discussed, as well as future directions
for research.
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The Impact of Manual Mimicry Gestures on the Learning
of Sung German Phonemes

Singing requires a range of embodied competencies, such as the efficient coordination
of parts of the body, the integration of ideas with actions, and the pronunciation and ex-
pression of text. Soloists and choral singers sing in diverse languages, and as such, vocal
instruction must address the articulation of individual speech sounds and sound combina-
tions not found in the vocalist’s first language (Mahaney, 2006). The International Phonetic
Alphabet has been a common tool to help singers pronounce non-native sounds but does
not substantially relate to the physical actions of singing, including the spatiotemporal con-
figurations of the vocal apparatus. Other common instructional methods have included lis-
tening to audio and video pronunciation recordings, rote teaching, or learning from culture
bearers and native speakers (Chris, 2019; Sieck, 2013).

This investigation was motivated by two separate but related lines of scholarly work in
the disciplines of choral pedagogy and speech-language pathology. In the choral setting,
physical gesturing and body movement have been a primary mode of communication for
the conductor and an effective choral pedagogical tool (Benson, 2011; Hibbard, 1994; Wis,
1999). Speech-language pathologists (SLPs) have integrated gestural cues into many struc-
tured therapeutic approaches for speech sound disorders and accent modification (DeTho-
rne et al., 2009; Hammer, 2006; Square et al., 2014). Choral conductors instruct singers
how to pronounce non-native phonemes, a process that Daley & Rusiewicz (2021) have
suggested 1s akin to learning speech sound targets in a speech-language pathology setting.

Movement and Gesture in Vocal Learning

The roots of kinesthetic teaching and learning in music can be traced to Emile Jaques-Dal-
croze (1865—-1950), who theorized that the human body was the primary instrument of
musical instruction. Dalcroze Eurhythmics is designed to cultivate mind-body connection
through the integrated development of hearing, moving, and feeling in music learning.
It has served as a type of double education, strengthening perception of movement and
spatial awareness while also generating a vocabulary of movement for use in playing and
singing repertoire (Caldwell, 1995; Dutoit, 1971).

Applied to choral music learning, several authors have noted the benefit of body move-
ment activities on musicianship, including the development of inner pulse and sense of
rhythm, precision in intonation, vocal balance within the ensemble, and group interpreta-
tion of a musical score (Crosby, 2008; Daley, 2013; Liao & Davidson, 2016; Shenenberger,
2008). The use of movement has also facilitated vocal technical development by assisting
in the coordination of various structures of the vocal mechanism for optimal sound pro-
duction (Galvan, 2008; Nafisi, 2013). Movement has likewise been applied to expressive
goals in performance to support phrasing, text declamation and tone of voice, and stylistic
decision-making (Caldwell, 1995; Galvan, 2008; Pierce, 2007). Oney (2017) asserted that
Dalcroze Eurhythmics developed singers’ confidence and lowered performance anxiety,
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while several studies have indicated the benefit of movement instruction in choirs on student
engagement, motivation, and enjoyment of learning (Manganello, 2011; McCoy, 1986; Wis,
1993).

A guiding principle of Dalcroze Eurhythmics is that sound and gesture exist in a reciprocal
relationship, such that any sound has an analogous gesture and any gesture has an analogous
sound (Jaques-Dalcroze, 1921). This relationship is often a feature of choral teaching and
performance gesture, but it also occurs spontaneously in the rehearsal setting. Mimicry arises
between the conductor’s bodily movement (including conducting gestures) and the singer’s
bodily movements, suggesting that conductors’ gestures affect singer’s production of sound
(Manternach, 2016). Daugherty and Brunkan (2013) discovered that choral singers respond-
ed nonverbally to conductor’s lip shaping while singing, mimicry that resulted in a change in
vocal tone and acoustical spectra. Grady (2014) indicated that conductors’ gestural vocab-
ularies had a direct impact on choral singers’ use of spectral energy while singing, and that
similar types of conducting gestures elicited similar sound results in choirs.

Manual Mimicry in Speech-Language Pathology

Physical gestures have been frequently employed during intervention for speech sound ob-
jectives in the discipline of speech-language pathology. These movements included tapping
out syllables, pointing to a vocal articulator, using a gesture that is specific to a phoneme but
not similar in shape or movement to the phoneme (e.g., handshapes used with Cued Speech;
Krause et al., 2011), using the hands to manipulate the articulators (e.g., clinician closing
the lips to facilitate lip closure) as an oral placement technique (Bahr & Rosenfeld-Johnson,
2010), and myriad other functions. Most hand gestures used in therapeutic contexts are
arbitrary and although they may spark a visual mnemonic, they do not capitalize on un-
derlying interactions of the speech and hand motor systems. Manual mimicry gestures (i.e.,
hand movements that mirror the movements and characteristics of speech sound and voice
targets), by contrast, are entrained (i.e. coordinated) with the underlying motor processes of
the speech mechanism (Rusiewicz & Rivera, 2017) (see Figure 1). In additional to behavioral

Figure 1
Starting and ending position for the manual mimicry gesture for /¢/.
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(e.g., Smith et al., 1986), and kinematic evidence (e.g., Gentilucci et al., 2001), the entrain-
ment of movements of the vocal apparatus and hands has been hypothesized to arise from
shared neuroanatomical substrates including areas such as the lateral perisylvian cortex,
supplementary motor cortex, premotor cortex, cerebellum, and Broca’s area (e.g., Heiser et
al., 2003; Rizzolatti & Arbib, 1998).

In speech-language pathology, manual mimicry gestures can represent three aspects of
the targeted sound. These parameters include:

(1) the spatiotemporal configuration required for the accurate production of a seg-
mental target (e.g., using the hand to mirror the articulators in space, time, and tension
for /r/); (2) the perceptual quality of a suprasegmental target (e.g., using the hand to
represent a desired intonation contour), and (3) the physiological and/or perceptual
characteristics of a voice target (e.g., moving the hands open and forward to cue key
movements and sound quality for forward resonance). (Rusiewicz, 2020, pp. 9-10)

Manual mimicry gestures can also represent other prosodic features of speech, such as
pulsing or tapping the hand to mark prosodic prominence or moving the hand in time to
mirror the desired rate of speech.

Previous investigations supported the effect of manual mimicry gestures on the accuracy
of /r/ produced by a college-aged woman with persisting childhood apraxia of speech and
distortions of the /r/ phoneme in five vowel + /r/ combinations (e.g., /ar/). Using only
manual mimicry gestures and minimal verbal instructions as cues, the participant increased
accuracy of /r/ from an average 11% at baseline to 90% after the second phase of treat-
ment in this ABAB withdrawal design according to judgments made by 28 naive listeners
(Rustewicz & Rivera, 2017). Additionally, case study data of two children with CAS indi-
cated that manual mimicry gestures facilitated more accurate speech production (Koshut
et al., 2016).

There is also evidence of the impact of hand movements for pronunciation training
for non-native sounds in Japanese (e.g., Hirata et al., 2014). Most recently, Xi et al. (2020)
found that viewing hand movements that mirrored the phonetic characteristics of Manda-
rin consonants (e.g., burst of air for aspirated plosives) resulted in higher pronunciation ac-
curacy for these sounds produced by fifty Catalan speakers as rated by five native Mandarin
speakers. Importantly, increased accuracy was related to the appropriateness of the gesture
to the desired phonetic characteristics. The effects of participants producing gestures while

learning non-native speech skills was not studied by Xi et al.

Purpose

The purpose of this study was to examine the impact of simple hand gestures that mir-
ror the movements of the speech articulators in terms of spatial configuration, timing,

and tension (i.e., manual mimicry gestures) on the immediate learning and retention of
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four German phonemes sung by college-aged voice majors. More specifically, the aim was
to study the effect of training with and without the integration of manual mimicry gestures
on the following parameters of vocal performance: (a) articulatory accuracy, (b) vocal tech-
nique, and (c) expressive artistry. These vocal variables were measured across three time
points (baseline, immediately following training, and 48hr +/- 8 hours post training) to assess
immediate learning and retention of knowledge. The following research questions guided
this investigation:

1. What effect does training (No Gesture, View Gesture, or View+Do Gesture) have on ar-
ticulatory accuracy and vocal technique of sung German consonants and vowels immedi-
ately following training and 48-hours after training?

2. What is the impact of training for German consonants and vowels on the transfer to sung
phrases immediately following training compared to 48-hours after training according to
ratings of articulatory accuracy, vocal technique, and expressive artistry?

Method
Study Design

A 3 (learning condition) x 3 (time of assessment) factorial design was used for the study.
The participants were assigned to one of three learning condition groups: (a) no gestures
during instruction or No Gesture, (b) gestures viewed during instruction or View Gesture,
and (c) gestures viewed and mimicked during instruction or View+Do Gesture. This design
was chosen to control for confounding variables and practice effects. The times of assessment
were (a) pre-testing (baseline), (b) immediate post-instruction, and (c) 48-hour post-instruc-
tion (+/- 8 hours) to assess immediate learning and retention of knowledge. Participants
were pseudo-randomized to one of three groups based on their class standing (freshman,
sophomore, junior, senior, or graduate) to ensure equal numbers of students in each year of
undergraduate and graduate study in each group. Four speech sound targets were tested for
articulatory accuracy and vocal technique, the voiceless palatal and velar fricatives spelled
with “ch” (/¢/ and /x/) and the mixed vowels spelled “i” (/y/ and /v/). The gestures used
for the View Gesture and View+Do Gesture condition groups can be seen in Figure 2. Ex-
pert listeners perceptually rated the sung phrases for (a) articulatory accuracy, (b) technical
accuracy, and (c) expressive artistry using a 100 mm visual analog scale by three expert raters.
Transfer of learning was also explored using a phrase sung by each training group immedi-
ately and 48 hours after training.

Institutional Review Board approval for human subject research was obtained in August
2018 and participants were recruited through live invitation and posted flyers. Twenty-four
college-aged students (18 women and 6 men) between the ages of 18 and 25 who were
majoring in voice completed the study. Students were excluded from participation if they
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had concerns about their vocal health or if they spoke German fluently or had previously
studied German for two or more semesters. All procedures were video-recorded and au-
dio-recorded.

Following informed consent procedures, the participants completed baseline pretesting,
Participants were seated in an armless chair approximately 18 inches away from a mounted
1Pad. The instructions, stimuli, training, and assessments were presented via PowerPoint on
an Apple 1Pad Air with a 12.9 inch display. Participants listened to the training via Sennhe-
iser RS120 headphones. An AKG C520L condenser microphone and Presonus AudioBox
USB Preamplifier recorded their sung productions. The microphone was kept at a consis-
tent two inch distance to the left of participants’ mouths. Participants were instructed to
sing five repetitions of each of the target consonants and vowels following a sung model by
the instructor for these initial baseline data (on F3/F4). Training began immediately follow-
ing these baseline procedures.

Training and Testing

Study participants received instruction via video recordings of an instructor presented on
the 1Pad (1.e., No Gesture, View Gesture, View+Do Gesture) in a counterbalanced manner
across the two training units (1.e., palatal and velar fricatives, and mixed vowels; see above).
The principal investigator was the instructor in all videotaped segments. The instructor
was videotaped with a view of torso, arms, and face. A script was followed for all condi-
tions to equate language structures, general content, and speech intonation characteristics
of the sessions. Each training session lasted approximately 10—12 minutes, regardless of
condition. Participants received verbal instruction and modeling of the target phonemes in
all training conditions, with the number of models consistent in each of the three training
units. For each sound, participants were instructed to sing the sound five times on a single
sung pitch (F'3 or I'4 depending on voice type) and told that their fifth production would be
be used for rating and analysis.

For only the View Gesture and View+Do Gesture groups, the instructor used manual
mimicry hand gestures that approximated the spatiotemporal positioning and movement
of the vocal articulators while performing the target phonemes (see Figure 2 on the next two
pages). For the palatal and velar fricatives, a one-handed gesture indicated the movement
of the air toward the hard palate (/¢/) or the velum (/x/). For the mixed vowel targets, one
hand represented tongue advancement and tension, and one hand represented the round-
ing of the lips (a high and tense tongue combined with tightly-rounded lips for /y/ and and
slightly lower and more lax tongue and slightly less-rounded lips for /v/). These gestures
were developed by the authors. For the View+Do Gesture groups, participants were in-
structed to produce the hand gestures simultaneously with their sung productions.

Immediately following instruction, the same assessment procedures were conducted as in
the pre-test/baseline procedures. In addition, the participants were instructed to implant
the target sounds into a model phrase, “Ich bin so miide, aber es ist ein Gliick, dass die
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Figure 2, Parts a, b, c, & d
Screenshot of instructional video demonstrating a manual mimicry gesture for /y/.
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Screenshot of instructional video demonstrating a manual mimicry gesture for /¢/.
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Nacht kommt” (Figure 3). The words and music for this phrase were composed by the first
author. This phrase was modeled in a speaking voice by the instructor. The participants then
viewed musical notation and heard the model phrase played three times on a piano. They
were instructed to sing the phrase five times and told that their fifth production would be
used for rating and analysis.

The participants returned for a follow-up session (48 hours +/- 8 hours) to assess consol-
idation and retention of learning at 48 hours post-instruction (e.g., Cook et al., 2013). This
second and final session lasted approximately 20 minutes. Participants recorded each of the
four sounds and the phrase in the same manner as in immediate post-instruction.

Figure 3
Sample musical phrase with sounds embedded

f) | , o [F—
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I D i 2 (#K]
[Y) o ~— | o
Ich bin so mi - de a-ber es ist ein Gliick dass die Nacht kommt.

Data Reduction and Analysis

Actotal of 1,584 sung productions were recorded across the 24 participants. The final pro-
duction of each trial was extracted from the audio signal using Audacity software and saved
as an individual .wav file, for a total of 336 targets (288 individual phonemes and 48 phras-
es). Task fidelity was assessed for all trials for all 24 participants by a trained student research
assistant who was blinded to training conditions and the purpose of the study. This research
assistant viewed each video and coded if the participant gestured. As expected, 100% of the
participants in the View+Do gesture condition produced gestures for all productions during
training, while 100% of the participants in the No Gesture and View Gesture training con-
ditions did not produce gestures during the training.

Collegiate vocal instructors with doctoral degrees served as expert raters for the data. None
of the voice instructors were familiar with study participants. The participants’ productions
were presented via PowerPoint in the following order: [v], [x], [y], [¢], and the musical
phrase. Each sung production was embedded as an isolated .wav file into a single slide. The
presentation order of the trials was randomized across the time of assessment. Ratings were
iputted into QualtricsXM software using a continuous 100 mm graphical/visual analog
scale. Raters slid the scale to mark their perception of skill for each dependent measure for
each production. These ratings were converted to quantitative data between 0 and 100 and
then averaged across the three raters. Data for the individual sounds were analyzed using a
3 (Group: No Gesture, View Gesture, View+Do Gesture) x 2 (Sound: Consonants, Vowels )
x 3 (Time: Pre-Training, Immediate Post-Training, 48-Hours Post-Training) repeated mea-
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sures analysis of variance (ANOVA; Schreiber & Asner-Self, 2011). Phrase data were ana-
lyzed using 3 (Group: No Gesture, View Gesture, View+Do Gesture) x 2 (Time: Immediate

Post-Training, 48-Hours Post-Training) repeated measures ANOVA.

Results

Research Question I: Articulatory Accuracy and Vocal Technique of Consonants
and Vowels

Articulatory Accuracy

The mean ratings for articulatory accuracy were averaged across the three expert listeners
and analyzed for each of the three training conditions (No Gesture, View Gesture, View+-
Do Gesture), the three time points (baseline/pre-testing, immediate post-testing, 48-hours
post-testing), and type of sound (Figure 4). Means and standard deviations for articulatory
accuracy ratings for all variables are found in Table | on the next page. A repeated mea-
sures ANOVA vyielded several significant results. First, the data revealed differences between
the ratings of articulatory accuracy between the three groups with a moderate effect size

F2, 282) = 6.65, p <0.001, n,> =0.045, such that the View+Do Gesture training group

Figure 4

Mean Ratings of Expert Listeners for Articulatory Accuracy (AA) and Vocal Technique (V'T):
Consonants and Vowels for No Gesture (NG), View Gesture (VG), and View+Do Gesture

(DG) Groups
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Note. Error bars show standard deviations.
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Table 1
Articulatory Accuracy Descriptive Data (Means and Standard Deviations) for All
Training Conditions, Sounds, and Time Points

M (SD)

Baseline/Pre-training Vowel No Gesture 47.58 (14.24)
View Gesture 49.73 (15.81)

View+Do Gesture 53.33 (14.06)

Total 5022 (14.81)

Consonant No Gesture 55.77 (18.12)
View Gesture 52.60 (18.44)

View+Do Gesture 66.38 (15.67)

Total 5825 (18.32)

Total No Gesture 51.68 (16.73)
View Gesture 5117 (17.14)

View+Do Gesture 59.85 (16.19)

Total 5423 (17.11)

Immediate Post-training ~ Vowel No Gesture 53.83 (11.65)
View Gesture 53.90(17.77)

View+Do Gesture 59.90 (1247)

Total 55.88 (14.41)

Consonant No Gesture 57.27 (16.73)
View Gesture 5831 (16.87)

View+Do Gesture 6542 (14.74)

Total 60.33 (16.43)

Total No Gesture 55.55 (14.44)
View Gesture 56.10 (17.38)

View+Do Gesture 62.66 (13.86)

Total 58.10 (15.59)

Continued on the next page
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48 hours Post-training ~ Vowel No Gesture 53.40 (11.93)
View Gesture 52.00 (16.04)

View+Do Gesture 57.23 (1245)

Total 54.21 (13.68)

Consonant No Gesture 64.81 (15.17)
View Gesture 60.02 (18.11)

View+Do Gesture 64.88 (15.06)

Total 63.24 (16.22)

Total No Gesture 59.10 (14.74)
View Gesture 5601 (17.48)

View+Do Gesture 61.05 (14.27)

Total 58.72 (15.65)

had the highest observed scores. Second, there was a significant difference in the ratings of
articulatory accuracy for vowels and consonants, such that consonants had higher overall
accuracy scores I1,282) = 19.36, p < 0.001, n,2 = 0.064. There was no interaction between
group and sound. Third, all three groups (No Gesture, View Gesture, View+Do Gesture)
significantly improved their articulatory accuracy ratings following training according to the
within analysis F{1,282)= 36.67, p <0.001, n,> = 0.11. There were no significant interactions
between training group conditions with time point or sound, indicating that the presence of
gesture did not differentially impact ratings of articulatory accuracy.

Vocal Technique

The mean ratings for vocal technique were averaged across the three expert listeners and
analyzed for each of the three independent variables, with data for these variables displayed
in Figures 4. Means and standard deviations of vocal technique ratings for all variables are
found in Table 2 on the next page. A repeated measures ANOVA revealed a main effect
for group (No Gesture, View Gesture, View+Do Gesture), with ratings of vocal technique
significantly improved following training according to the within analysis F{1,282)= 21.28, p
<0.001, n,?> = 0.07. There were no other significant main effects for training group or sound.
A significant interaction of sound by time point was found such that consonants demon-
strated greater improvement over time compared to vowels F(1,282)=3.64, p <0.03, n,*> =
0.013. Aligned with the articulatory accuracy analyses, there were no significant interactions
between training group condition with time point or sound, indicating that the presence of
gesture did not differentially impact ratings of articulatory accuracy.
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Table 2
Vocal Technique Descriptive Data (Means and Standard Deviations) for All Training
Conditions, Sounds, and Time Points

M (SD)

Baseline/Pre-training Vowel No Gesture 52.33 (23.99)
View Gesture 49.79 (24.36)

View+Do Gesture 54.27 (25.90)

Total 52.13 (24.66)

Consonant No Gesture 5298 (23.56)
View Gesture 51.08 (24.95)

View+Do Gesture 55.88 (25.05)

Total 5331 (24.43)

Total No Gesture 52.66 (23.65)
View Gesture 5044 (24.53)

View+Do Gesture 55.07 (25.35)

Total 52.72 (24.51)

Immediate Post-training ~ Vowel No Gesture 5342 (23.25)
View Gesture 52,67 (24.61)

View+Do Gesture 55.94 (25.54)

Total 5401 (24.35)

Consonant No Gesture 53.75 (22.90)
View Gesture 52.58 (24.39)

View+Do Gesture 56.88 (24.88)

Total 54.40 (23.97)

Total No Gesture 53.58 (22.96)

View Gesture
View+Do Gesture

Total

52.63 (24.37)
5641 (25.08)
5420 (24.12)

Continued on the next page
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48 hours Post-training ~ Vowel

No Gesture
View Gesture
View+Do Gesture

Total

53.35 (23.75)
51.35 (25.23)
54.23 (25.60)
52,98 (24.72)

Consonant

No Gesture

View Gesture
View+Do Gesture

Total

54.25 (23.82)
53.19 (24.61)
57.10 (24.87)
54.85 (24.32)

Total

No Gesture
View Gesture
View+Do Gesture

Total

53.80 (23.67)
5227 (24.81)
55.67 (25.14)
5391 (24.50)

Research Question 2:Articulatory Accuracy,Vocal Technique, and Expressive

Artistry of Phrases

Similar to the analyses for individual sounds, the mean ratings for articulatory accuracy,
vocal technique, and the additional variable, expressive artistry, of phrases were averaged
across the three expert listeners and analyzed for each of the three training conditions (No
Gesture, View Gesture, View+Do Gesture) and two time points (immediate posttesting and
48-hours posttesting) as displayed in Figure 5. Means and standard deviations for articula-

Figure 5

Mean Ratings of Expert Listeners for Articulatory Accuracy, Vocal Technique, and

Expressive Artistry for Phrases Sung Immediately and 48-Hours after Training

70
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tory accuracy ratings for all variables are found in Table 3. The highest mean ratings were
for articulatory accuracy, followed by vocal technique, and then expressive artistry for both
immediately and 48-hours following training. Retention was noted for all three dependent
variables in improved ratings from immediate post-training to 48-hours post-training. The
phrase data show small to large effect sizes from immediate post-training to 48-hour after

training with ratings of expressive artistry demonstrating the largest effect size (Table 4).

Table 3

Descriptive Data (Means and Standard Deviations) for Articulatory Accuracy, Vocal Tech-
nique, and Expressive Artistry for Phrases Sung Immediately and 48-Hours After [raining

M SD
Articulatory Accuracy: Immediate Post-Training 55.53 15.522
Articulatory Accuracy: 48-Hours Post-Training 58.08 14.066
Vocal Technique: Immediate Post-Training 51.08 24.945
Vocal Technique: 48-Hours Post-Training 53.85 25482
Expressive Artistry: Immediate Post-Training 41.85 27.577
Expressive Artistry: 48-Hours Post-Training 46.57 27479
Table 4
Paired T-test Analysis and Effect Size Measures
t-value df p Cohen’s d
Articulatory Accuracy: Immediate Post — -2.817 71 p <.0l 0.33
48-Hours Post-Training
Vocal Technique: Immediate Post — -5.283 71 p <.0l 0.62
48-Hours Post-Training
Expressive Artistry: Immediate Post — -6.246 71 p <0l 0.73
48-Hours Post-Training
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Articulatory Accuracy

A repeated measures ANOVA, 3 (Group: No Gesture, View Gesture, View+Do Gesture)
x 2 (Time: Immediate Post-Training, 48-Hours Post-Training), was used to further examine
ratings of articulatory accuracy in the sung phrases. This analysis indicated no meaningful
difference between groups F(2, 69) =1.22 and no interaction between groups and time F2,
69) = 1.21(Figure 6). The within-component results indicated all groups significantly im-
proved from immediate post-training to 48-hours after training I{(1, 69) = 38.37, p = <0.001,

n,? = 0.034.

Figure 6

Mean Ratings of Expert Listeners for Articulatory Accuracy, Vocal Technique, and

Expressive Artistry of Sung Phrases Immediately and 48-Hours After Training

100
90 No Gesture View Gesture View+Do Gesture
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Note. Error bars show standard deviations.

Immediate 48-Hours

Post- Post- Post- Post-
Training  Training Training  Training
M Articulatory Accuracy Vocal Technique

Immediate 48-Hours
Post-
Training

Post-
Training

B Expressive Artistry

Vocal Technique

A repeated measures ANOVA, 3 (Group: No Gesture, View Gesture, View+Do Gesture)
x 2 (Time: Immediate Post-Training, 48-Hours Post-Training), was used to examine ratings
of vocal technique in the sung phrases. The between-group results indicated no meaningful
difference between groups F2, 69) = <1 as displayed in Figure 6 and no interaction be-
tween groups and time 2, 69) <1. The within-component results indicated that all groups
improved from immediate post-training to 48-hours after training F(1, 69) = 27.43, p =

<0.001, 1,2 = 0.28.
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Expressive Artistry

A repeated measures ANOVA, 3 (Group: No Gesture, View Gesture, View+Do Gesture)
x 2 (Time: Immediate Post-Training, 48-Hours Post-Training), was used to examine ratings
of expressive artistry of the sung phrases. As with the other two dependent measures, the
between-group results indicated no meaningful difference between groups F2, 69) <1 and
no interaction between groups and time F2, 69) <I, see Figure 6. Once again, the with-
in-component results revealed change over time, such that all groups were rated higher for
expressive artistry at 48-hours post-training compared to immediate post-training F(1, 69) =
38.37, p = <0.001, n,? =0.36. Because a main effect was only found for time, paired t-tests
(Table 4) were completed to evaluate the two sets of data (i.e., immediate post-training and
48-hours post-training) for articulatory accuracy (p < .01), vocal technique (p < .001), and
expressive artistry (p <.001).

Discussion

The present investigation addressed whether training with and without hand gestures that
mimic the spatiotemporal configurations of the vocal apparatus (manual mimicry gestures)
affected the learning and retention of German speech sounds in singing. Four German pho-
nemes were assessed, the palatal and velar fricatives spelled with “ch” (/¢/ and /x/), and the
mixed vowels spelled with an “0” (/y/ and /Y/). Additionally, these four sounds were em-
bedded into a sung German phrase to assess implementation in a more naturalistic context.
Twenty-four participants were assigned to three control groups: No Gesture, View Gesture,
and View+Do Gesture. The four sounds were rated by expert listeners at three time points
(pre-testing, immediate post-testing, and 48-hours post-testing) to assess articulatory accu-
racy and vocal technique. The sung phrase was evaluated at two time points (immediate
post-testing and 48-hours post-testing) to assess articulatory accuracy, vocal technique, and
expressive artistry.

Participants in all control groups improved their sung production of German vowels, con-
sonants, and phrases after their brief training, as rated by expert listeners. There was evi-
dence of retention of learning for the dependent measures of articulatory accuracy and vo-
cal technique at 48-hours post-training. Similar findings were found across different sounds
and dependent measures, which is notable given the randomized presentation of the sung
items and the blinded status of the expert raters. The No Gesture and View Gesture groups
demonstrated higher perceived articulatory accuracy of the palatal and velar fricatives (con-
sonants) at 48-hours post instruction than for the mixed vowels. For all three groups, vocal
technique of the palatal and velar fricatives was rated higher at 48-hours post-instruction
than for the mixed vowels.

These findings indicate that the palatal and velar fricatives may be easier for singers to
learn and retain than the mixed vowels. Mixed vowels involve the dual coordination of a
tongue vowel and a lip vowel, and as such, may be more difficult for singers to replicate ini-
tially and to consistently produce over time. The instructor used a two-handed gesture for the
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mixed vowels (one hand for tongue, one hand for lips), and this gesture may have proved
to be more difficult to replicate than the one-handed gesture used with the fricatives, or
caused a multitasking scenario that complicated the task. The impact of different parame-
ters (e.g., one- two-hand, proximity of gesture to the articulators, size and synchronization
of the gesture) of manual mimicry gestures on the speech mechanism is an area for future
ivestigations. The largest effect of learning and retention was noted for the additional de-
pendent measure of expressive artistry in the sung phrase. This finding may indicate that
once participants developed greater confidence with the pronunciation of German sounds,
they exhibited a more natural expression in their singing.

The use of gestures during training did not result in greater ratings of articulatory accu-
racy and vocal technique for individual sounds. Likewise, ratings of articulatory accuracy;,
vocal technique, and expressive artistry were not enhanced for sung phrases for individu-
als who used gestures during training. It is important to note that the participants in the
View+Do Gesture group rated higher than the other two groups for all metrics, including
at baseline. Participants were randomized to groups with consideration of level of educa-
tion (year of study and undergraduate/graduate status), however the overall skill of the
participants was not a factor for group assignment. The View+Do Gesture group was also
at or above the mean ratings for the other two groups at their highest post-instruction rat-
ings. These data were found for both individual sounds and phrases. Thus, it is possible that
the View+Do Gesture group experienced a ceiling effect. In other words, there potentially
was greater room for improvement in the No Gesture and View Gesture Groups and the
individuals in the View+Do Gesture group were collectively performing near the peak of
their performance for this task in the current paradigm.

Limitations

The study took place in a constrained experimental context, outside of the naturalistic
context of the voice lesson or choral rehearsal, where diction is typically taught. An attempt
was made to integrate the single phonemes into a musical phrase to better contextualize
participants’ learning. In a voice lesson or choral rehearsal, however, singers would have
additional supports for learning, such as ongoing aural, facial, and/or gestural feedback
from an instructor, and multiple sessions to reinforce text pronunciation. Additionally, in a
choral rehearsal, singers have the benefit of aural reinforcement from other singers to ad-
just and refine their vocal articulation. Future investigations may include lengthier training
with more opportunities for practice in multiple word and phrase units.

Singers were excluded from the study if they had formal German language instruction,
but prior experience with singing in German was not assessed. Singers enter undergraduate
and graduate study with variable levels of experience with German diction, based on their
prior choral and solo vocal instruction. For those students with more experience singing in
German, baseline ratings may have been higher. Future investigations could choose a lan-

guage that 1s less common in choral instruction or increase the number of participants to
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reduce the overall variability of participants (e.g., skill level and prior experience). A repeat-
ed measures design, with each participant learning to produce different non-native sounds,
some with the use of gestures and some without, could allow for participants to act as their
own controls and reduce potential variability.

The raters for this study were experts in their field and were distributed across the United
States. The three variables, articulatory accuracy, vocal technique, and expressive artistry
were chosen as three dimensions of diction pedagogy. Choral directors and voice teachers
may focus on a specific phoneme to assist in phonetic accuracy (articulatory accuracy), to
improve vocal sound (vocal technique), or to add expressivity (expressive artistry). Definitions
for these three variables were not given to the expert listeners to establish a shared under-
standing of the terms, however the expert’s ratings were descriptively consistent for each
participant. In other words, if a trial produced by a participant was rated low for articula-
tory accuracy by one rater, the other raters also tended to rate the trial in a similar fashion.
The raters were instructed to listen under headphones in an area free of distractions and to
take breaks as needed, but the equipment (e.g, computers and selected headphones) used
to listen to the recorded productions and the environments of the raters were not the same.
Future investigations should use standardized procedures for perceptual ratings, if feasible.
Likewise, testing the raters hearing would reduce any potential confounds of hearing ability.
Lastly, although the randomized perceptual ratings were completed by three expert listeners
who were blinded to the purpose of the study, future studies may employ acoustical analyses
to examine the effect of training conditions on the acoustic parameters of consonants and
vowels.

Implications for Choral Practice

Choral educators must find effective ways to teach an ever-increasing range of languages
found in the repertoire, including languages that introduce non-native phonemes (Chris,
2019). German introduces velar and palatal fricatives and mixed vowels to non-native speak-
ers. In her survey of collegiate vocal diction instructors, Mahaney (2006) found that mixed
vowels in German and French were among the sounds that were consistently difficult to
teach and learn. An embodied approach to teaching diction could exploit the benefits of
learning with movement, including reduced cognitive load and improved retention of learn-
ing (Goldin-Meadow et al., 2001). The use of gestures to teach diction could also capitalize
on the conductor’s gestural influence, affecting singer’s vocalism (Grady, 2014; Manternach,
2016). Gestural experiences in choir can also be translated into the conductor’s gesture as a
visual reminder of a felt sensation (Chagnon, 2001; McCoy, 1996).

Manual mimicry gestures are a type of physiological gesture that mirror the specific move-
ments of articulators in forming vowels and consonants (Nafisi, 2013). For vowels, they can
reflect the height, advancement, and tension of the tongue. For consonants, they can indi-
cate place, manner, and voicing (Daley & Rusiewicz, 2021). Used in the vocal context, the
specificity of these gestures may allow vocal instructors to (a) identify and isolate new or
non-native phonemes, (b) migrate a phoneme to a neighbor phoneme for improved reso-
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nance or projection (i.e., /I/ to /1/ or /g/ to /k/), or (c) assist to unify articulation among a
group of singers, as in the ensemble context (Daley & Rusiewicz, 2021). Although this study
did not provide a strong rationale for their use in teaching non-native sounds in German
in a constrained context, future studies are needed to assess the impact of these types of
gestures In a more naturalistic context, such as a vocal lesson or choral rehearsal.

To replicate the work of Xi et al. (2020), assessing the efficacy of the gesture to the desired
phonetic target is essential as not all consonantal sounds are accurately represented in hand
gestures. A future study might assess the efficacy of various gestures for the same phonetic
target (i.e., more than one gesture for /x/). Another important consideration in gestural
teaching is the perception of the effect of gestures on the learner, including when gestures
are completed by the learner. Future studies could investigate the qualitative response of
the learner in producing non-native sounds for singing with gestures. Lastly, gestures that
mimic the spatiotemporal configurations of the vocal apparatus could be adopted for use
in conductors’ performance in a concert, to mirror how the singers close a consonant, for
example. A future study could assess the efficacy of implementing diction-related gestures
into conducting performance.

Teaching diction 1s an everyday task for the choral conductor, voice teacher, and vocal
coach. The present investigation invites further exploration into the relationship between
gesture and vocalism, and specifically, the intersections between hand gestures and non-na-
tive text learning in singing. More research is needed on how gestures might facilitate these
outcomes for singers and inform best practices in related disciplines like speech-language
pathology and pronunciation training, as well as add to the broader literature base on ges-
ture production.
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