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Singing in Noise: Can Music-Based Acoustic Features Aid 
Speech-in-Noise Comprehension?
Benjamin Rich Zendel and Liam Robbins

Faculty of Medicine, Memorial University of Newfoundland, St. John’s, NL, Canada

ABSTRACT
The ability to understand speech-in-noise (SPiN) can be improved 
with musical training, and music perception is resistant to age- 
related decline compared to other aspects of auditory cognition. 
This leads to the possibility that music-based forms of rehabilitation 
could improve SPiN comprehension. One possible approach to this 
putative rehabilitation program is to use a scaffolding technique, 
where a cognitive strength is used to scaffold a cognitive weakness. 
The first step in this line of research is to determine a source of 
auditory cognitive strength in SPiN comprehension. Accordingly, 
the goal of the current study was to determine if adding musical 
features to target speech could improve SPiN comprehension. 
Participants were presented with a series of sentences that were 
either spoken, sung, rapped, or sung with speech-like rhythm. 
Sentences were presented in noise, and the signal-to-noise ratio 
[SNR] was adapted based on accuracy. A 50% SNR threshold was 
determined for each condition. Overall, performance was best 
when target sentences were sung with speech-like rhythm, and 
worst when they were sung with musical rhythm. This pattern of 
results suggests that musical pitch contours can aid in understand
ing SPiN, and could potentially be used as a cognitive scaffold (i.e. 
a cognitive strength compared to understanding naturally spoken 
SPiN) to improve the ability to understand SPiN.
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Introduction

One of the most commonly reported hearing difficulties, particularly in older adults, is 
a difficulty understanding speech when there is loud background noise (i.e., speech-in- 
noise: SPiN) (Gates & Mills, 2005; Pichora-Fuller et al., 2016). Although hearing aids are 
commonly used by older adults, in many cases, hearing aids do not help when there is 
loud background noise (McCormack & Fortnum, 2013). Accordingly, it is of utmost 
importance to develop alternative forms of auditory rehabilitation that could be used in 
conjunction with amplification-based hearing assistance to improve peoples “listening” 
abilities.

An interesting possibility is to use the cognitive scaffolding technique as a foundation 
for this putative rehabilitation program. A cognitive scaffold is an area of relative 
cognitive strength that can be used to help support and rehabilitate an area of cognitive 
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weakness. An example of this type of program is Melodic Intonation Therapy (MIT 
(Albert et al., 1973; Norton et al., 2009).; MIT is a form of treatment that can help some 
people with aphasia re-learn how to talk by using singing. MIT likely works because some 
people who have aphasia retain the ability to sing, and MIT uses this area of cognitive 
strength (i.e., singing) as a scaffold to help rehabilitate an area of cognitive weakness (i.e., 
speaking). In other words, people with aphasia are taught to speak by “singing” their 
speech. Over time, the “singing” is slowly removed, and the person with aphasia slowly 
re-learns to speak. Although there are debates about the effectiveness of MIT in certain 
situations, the administration of MIT and the underlying neurophysiological mechan
isms; the idea of using a cognitive strength to scaffold on a cognitive weakness during 
rehabilitation is supported (Merrett et al., 2014; Zumbansen et al., 2014).

In the context of understanding SPiN, the first step would be to determine if there is 
a way to modify target speech that would make it more comprehensible when presented 
in noise. Accordingly, the goal of the current study is to determine if the acoustic features 
of singing could be used to aid in understanding SPiN. If the acoustic features of singing 
aid in understanding SPiN, then it may be possible to develop a rehabilitation program 
that uses musical acoustic features found in singing as a aural cognitive strength, and 
then slowly reduce those features so a person with difficulty understanding SPiN can 
slowly learn to better identify acoustic cues in normal speech. Using features found in 
singing is a good starting point because natural speech already contains music-like 
features (Deutsch et al., 2011). Moreover, modifying certain acoustic features of target 
sounds that aid in their predictability can aid in their comprehension (Bendixen, 2014; 
Bregman, 1994), and one key feature of music is that it helps guide listener predictions 
(Koelsch et al., 2019). Accordingly, pairing musical features with speech could improve 
the predictability and therefore the comprehensibility of that speech. Additionally, 
understanding SPiN can be improved by music training (Coffey et al., 2017; Hennessy 
et al., 2022; Maillard et al., 2023; Zendel, 2022), suggesting that musicians may acquire 
some of these skills intrinsically through their music education. The next three sections 
will explore how acoustic features of singing could help aid SPiN.

Natural Speech Contains Music-Like Features

Music and speech are both forms of auditory communication that unfold over time. Patel 
(2008) highlights the importance of both pitch and rhythm for speech and music 
perception, but highlights that they are used and perceived differently for speech and 
music. In music, rhythms tend to be periodic, allowing for the perception of beats, and an 
organization of “stronger” and “weaker” beats into a metric hierarchy (London, 2002). 
While speech has a rhythm, it lacks strict periodicity and hierarchy (Patel, 2008). In 
music, melodies tend to be made up of a series of discrete notes from the chromatic scale 
(in Western Music) that are organized into tonal scales that allow melodies to have 
a tonal center (Patel, 2008). In speech, pitch changes are not discrete and do not have 
a tonal center (Patel, 2008). Accordingly, we will focus on two musical features that occur 
in speech: melody and rhythm. The connections between speaking and singing is high
lighted in the speech-to-song illusion, where natural speech can be made to sound like it 
is sung by looping a short spoken phrase (Deutsch et al., 2011). This likely happens 
because the repetition allows for the listener to identify periodicity in the repeating 
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pattern, and to perceive a tonal center through repeated presentations of the same 
pitches. Thus, while speech and music are very different, it is not difficult to bridge the 
gap between them. One important question is if embellishing the pitch, or rhythmic 
aspects of speech can improve its comprehensibility when presented in noise. Previous 
work has shown that altering the acoustic features of speech presented in noise can either 
enhance or degrade speech comprehension, depending on the acoustic cue.

Physical Cues Can Aid in SPiN Comprehension

Predictability can aid in speech comprehension (Bendixen, 2014). For example, when 
older listeners were presented with SPiN, older adults were better at understanding and 
remembering sentence-final words that were predictable based on the content of the 
sentence compared to sentence-final words that were not predictable (Pichora-Fuller 
et al., 1995). In addition to semantics improving predictability, physical cues in target 
speech can increase its predictability, as these cues can guide a listeners’ attentional focus. 
In addition, certain physical cues can enhance source separations due to interactions with 
how acoustic information is transduced, and processed along the auditory pathway. 
When the fundamental frequency (F0) for the target speech differs from the F0 of 
masking speech, there is an improvement in speech understanding, highlighting that 
the pitch of a voice can be used to aid in comprehension (Brokx & Nooteboom, 1982; 
Song et al., 2011; Stickney et al., 2007; Summers & Leek, 1998). This improvement may be 
due to enhanced predictability – that is, the target speech is in a different frequency range 
compared to the masking speech. Alternatively, the improvement may also be due to the 
speech and speech maskers no longer occupying the same critical band in the auditory 
pathway, facilitating subsequent perceptual segregation.

When the overall rate of speech is increased, the understanding of speech in back
ground noise is reduced (Gordon-Salant & Fitzgibbons, 2004). Interestingly, when the 
background babble noise was not sped up to match the target speech, comprehension 
improved, suggesting that listeners can take advantage of a rate mismatch between the 
target and the babble noise in order to guide attention to important parts of the target 
speech that would otherwise be masked if the speech and masker were presented at the 
same rate (Gordon-Salant & Fitzgibbons, 2004). In an auditory stream segregation task, 
target tone regularity improved the ability to segregate simultaneous auditory streams 
(Rimmele et al., 2012). In speech perception, it has been shown that isochronous 
rhythms, both as a prime (Sidiras et al., 2017, 2020), and in the speech itself, improve 
the understanding of SPiN (Pearson et al., 2023). These results suggest that temporal 
predictability should aid in understanding SPiN, and imply that a musical rhythm added 
to speech should aid in comprehension. In fact, one of the main ideas presented in 
Bregman’s seminal book, Auditory Scene Analysis was that the auditory system will use 
whatever acoustic cues are available to help parse the auditory scene into meaningful 
auditory streams (Bregman, 1994). Moreover, the brain entrains to isochronous musical 
rhythms (Nozaradan et al., 2011; Sauvé et al., 2019), which suggests that isochronous 
speech rhythms could be understood better because rhythmic speech would entrain the 
brain to oscillate at the rate of the speech (Peelle & Davis, 2012).

Despite these theoretical reasons, there is scant work demonstrating if speech iso
chrony aids or hinders SPiN. Natural speech is not isochronous, but when listening to 
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speech, the brain entrains to the rhythm of the speech, and the stronger this entrainment, 
the better the comprehension (Peelle & Davis, 2012). Isochronous auditory stimulation 
can evoke neural entrainment (Nozaradan et al., 2011; Sauvé et al., 2019), suggesting that 
isochronous speech would enhance neural entrainment, and therefore improve speech 
comprehension. Interestingly, some studies have reported that isochronous speech is 
more difficult to understand compared to natural speech because speech isochrony is 
“unnatural” (Aubanel & Schwartz, 2020). These results suggest that interfering with 
natural speech patterns would hinder comprehension. Given the paucity of literature 
in the field, it is critical to collect more data to better understand how isochrony, and 
other musical features impact speech comprehension in noise.

A few studies have explored the idea of using musical features to aid in separating 
simultaneous auditory inputs or understanding SPiN. In a study using two interleaved 
tone sequences, it was shown that adding both melody and rhythm aided in the 
perceptual segregation of the tone sequences (Szalárdy et al., 2014). Since segregation is 
a necessary pre-cursor to comprehension, this suggests that both melodic and rhythmic 
information could be used to aid in understanding SPiN. A recent study supports this 
idea by demonstrating that neural phase-locking to sung speech is better than to spoken 
speech (Vanden Bosch der Nederlanden et al., 2020). Despite strong theoretical and 
experimental support, the one study that explored how singing speech impacts the ability 
to comprehend SPiN in children, found that sung speech was more difficult to under
stand in noise (Nie et al., 2018). In support of this finding, it has been shown that altering 
the natural prosody of speech reduces comprehension when there is background noise 
(Binns & Culling, 2007; Miller et al., 2010). Overall, this complex pattern of results 
suggests that altering the physical cues of the target speech in a SPiN task could either 
enhance or reduce the ability to comprehend SPiN. Moreover, it suggests that pitch- and 
timing-based manipulations may differentially impact SPiN comprehension.

SPiN Comprehension Can Be Improved

While certain acoustic features have the potential to aid in the ability to understand SPiN, 
it is difficult to apply these findings in naturalistic environments because it can difficult, 
socially uncomfortable and in some cases physically impossible for a speaker to alter their 
speaking patterns. For example, it would be challenging, if not impossible, to speak with 
a perfectly isochronous rhythm or to speak louder in a social setting where only whispers 
are acceptable. Accordingly, it makes more sense to help the listener, rather than 
prescribe that speakers alter their speech. This leads to an important question: can the 
ability to understand SPiN be improved? The answer is very likely, yes. For example, 
a number of studies have shown that lifelong musicians have an enhanced ability to 
understand SPiN compared to non-musicians (e.g., Parbery-Clark et al., 2011; Zendel & 
Alain, 2012). Zendel and Alain (2012) tested participants across the lifespan, and found 
that the musician benefit for understanding SPiN was larger for older adults compared to 
younger adults. Although there have been some studies that have shown no difference 
between musicians and non-musicians on the ability to understand SPiN, they consis
tently show that on average, performance on SPiN tasks is similar or slightly better (but 
not statistically significant) in musicians compared to non-musicians (Boebinger et al.,  
2015; Madsen et al., 2019; Zendel & Alexander, 2020). To address these issues, recent 
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reviews and meta-analyses revealed that the musician benefit for SPiN comprehension 
was likely small, but real (Coffey et al., 2017; Hennessy et al., 2022; Maillard et al., 2023). 
One major issue with these studies is that musicians may become musicians because of 
preexisting advantages in hearing abilities; however, longitudinal studies tend to support 
the idea that music training improves the ability to understand SPiN (Dubinsky et al.,  
2019; Zendel, 2022; Zendel et al., 2019)

Music Perception and Aging

Given that the ability to understand SPiN can be modified by music training, it may be 
possible to develop more optimized forms of rehabilitation. One interesting pattern of 
results that has recently emerged is that music perception seems to be relatively preserved 
in older adults (Halpern et al., 2017; Lagrois et al., 2018; Sauvé, Bolt, et al., 2022; Sauvé et al.,  
2019; Sauvé, Marozeau, et al., 2022). In contradistinction, the ability to understand SPiN 
declines in older adults, and this decline is nearly universal (Gates & Mills, 2005; Pichora- 
Fuller et al., 2016). This pattern of results suggests that by connecting speech perception 
with music perception, it may be possible to preserve or enhance speech comprehension in 
older adults. Moreover, given the connection between music training and SPiN compre
hension in older adults (Coffey et al., 2017; Dubinsky et al., 2019; Hennessy et al., 2022; 
Maillard et al., 2023; Zendel, 2022; Zendel & Alain, 2012; Zendel et al., 2019), focusing on 
musical features may engender resilience to further decline in speech comprehension. 
Accordingly, it may be possible to develop adaptive forms of auditory rehabilitation that 
rely on intact music perception (i.e., a cognitive strength) on which SPiN comprehension 
(i.e., a cognitive weakness) can be scaffolded, and enhanced with music-based training.

Summary

Putting it all together, previous research suggests that speech contains acoustic features, 
that when exaggerated, could be considered musical; that altering acoustic features of 
target speech can aid in understanding SPiN; that the ability to understand SPiN can be 
improved with training; and that perception of music is relatively preserved in older 
adults, despite a nearly universal decline in SPiN abilities in older adults. This suggests that 
musical acoustic features could be a source of cognitive strength for older adults, and that 
some of these features could be exaggerated in natural speech to aid in understanding 
SPiN. Over time, slowly removing the musical features from speech and working with 
listeners to better focus attention toward those features in natural speech could help people 
learn to better understand SPiN. One question that remains poorly understood is if 
musical acoustic features aid in understanding SPiN. Accordingly, the goal of the current 
study was to determine if musical acoustic features can aid in understanding SPiN.

Methods

Participants

A total of 15 participants (9 women, 6 men) completed the study and provided written 
informed consent in accordance with the Heath Research Ethics Authority of 
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Newfoundland and Labrador. They ranged in age from 22 to 29 (M = 24.73), and had 
normal hearing (i.e., pure-tone average < 25 dB HL). Participants were all self-reported 
non-musicians (i.e., <1 year of music training or not having played a musical instrument 
for more than 10 years). Finally, participants all reported that English was their first 
language.

Procedure

After obtaining written informed consent, participants completed a short demographic 
questionnaire, and a pure-tone threshold assessment in a double-walled sound- 
attenuating booth using an Interacoustics AC40 Clinical Audiometer. Next, participants 
completed the experimental portion of the study.

All experimental stimuli (described below) were presented to the participant through 
ER3A insert earphones, while participants were seated in a double walled sound- 
attenuating booth. Participants were familiarized with the task before they began. In all 
conditions, participants were asked to repeat a short sentence aloud after they heard it. 
They were told to prioritize accuracy, and to repeat exactly what they heard. The accuracy 
of the repetition was judged online by a native English speaker who had the text of the 
sentence in front of them. A 1-down, 1-up adaptive procedure was used in order to 
identify the 50% threshold for speech comprehension (Levitt, 1971). In the current study, 
the first sentence was presented at +15 dB SNR along with four-talker babble noise 
presented at a combined amplitude of 65 dB SPL. After the participant correctly repeated 
the entire sentence, the amplitude of the target sentence was reduced in 4 dB steps until 
they did not repeat the sentence correctly, at which point the amplitude of the target 
sentence was increased in 4 dB steps. This procedure was then repeated. After two 
reversals the step-size was reduced to 2 dB. In each block, a total of 20 sentences were 
played, and the 50% threshold was determined by averaging the reversal points.

Stimuli

One of the goals of this study was to maximize ecological validity so that the findings 
would more likely generalize to a rehabilitation program. Accordingly, materials were 
recorded by a human specifically for this project. The content of the target sentences 
came from “Harvard sentences,” which by design are intended to be phonetically 
balanced, thereby reducing the subjectivity of a sentence’s intelligibility (Rothauser,  
1969). Of this collection, the first 240 sentences were selected and recorded. All record
ings were made in a double-walled sound attenuating booth, using an Audio-Technica 
4040 Condenser microphone, and were normalized to −12 dBfs RMS. This correction 
was made so that the target stimuli were of similar loudness. We acknowledge that the 
RMS normalization may not always provide for equal loudness perception (e.g., Zhang & 
Zeng, 1997); however, it did offer an obvious improvement in loudness equalization 
compared to the raw recordings. All target sentences were recorded by a professional 
singer/vocalist (soprano) completing her fourth year of a bachelor of music performance 
in voice. Each of the 240 sentences was recorded four times. For the Spoken condition the 
singer was instructed to read the sentences as naturally as possible. For the other three 
conditions, the goal was to “musicialize” the sentences. For the Rapped condition an 
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estimated tempo was determined for each of the recorded sentences in the spoken 
condition. This estimation was done by determining how many “beats” there were in 
the sentence, and how long the recording of the spoken sentence was. A metronome was 
then played to the vocalist through headphones, and she was instructed to rap the 
sentence so that the syllables lined up with the metronome clicks, while attempting to 
maintain the same pitch changes as the spoken sentence. The singer was able to listen to 
her previous recordings in order to make them as similar as possible. For the Sung 
condition, the singer listened to the previous sets of recordings, and approximated the 
natural pitch changes into discrete musical notes that formed a melody. First, she listened 
to the Spoken version of the target stimuli, then crafted a major key melody that was of 
similar contour to the Spoken sentence. A musical score was created for each sentence. 
During the recording, the singer heard the same metronome as the Rapped condition, but 
had the musical score in front of her so she could sing the sentences. Finally, for the No 
Rhythm condition, the singer was asked to sing each sentence using the same melody as 
the Sung condition, but to use the same rhythm as the Spoken condition. She was able to 
see the score for each sentence, and was able to listen to the Spoken version of the 
sentence in order to match the timing accents of the Spoken stimuli. The authors and 
singer verified that each sentence matched the condition to which it was assigned (e.g., 
a rapped sentence didn’t have a melodic contour). A sample spectrogram from each of 
the conditions can be seen in Figure 1.

There were a total of 240 unique sentences recorded in all four conditions: Spoken, 
Sung, Rapped, and No Rhythm. The 240 sentences were divided into 12 lists of 20 
sentences each. This list size was chosen based on the development of the HINT and 
HINT for French-Canadian populations (Nilsson et al., 1994; Vaillancourt et al., 2005) 
where they used lists of 10 and 20 sentences, respectively, to determine speech-in-noise 
thresholds. This yielded 4 versions of each list, Spoken, Sung, Rapped, and No Rhythm. 
For example, List 1 Sung had the exact same sentences as List 1 Spoken, only the vocal 
delivery was altered. Participants heard a total of 8 lists, 2 from each listening condition. 
They were presented in a pseudo-random order, so that participants heard 1 list from 
each condition once before hearing the same condition again. Importantly, participants 
never heard the same sentence more than once throughout the study.

Data Analysis

The data were analyzed using a 2 × 2 factorial ANOVA. For the analysis, we considered 
two variables: Rhythm (Musical or Spoken), and Pitch (Musical or Spoken). The Spoken 
condition had both spoken rhythm and spoken pitch, and the Sung condition had 
a musical rhythm and musical pitch. The Rapped condition had a musical rhythm, 
with a spoken pitch, while the No Rhythm condition had a musical pitch with 
a spoken rhythm. The 50% SNR threshold from each condition was used as the depen
dent measure.

Results

Data was analyzed using a 2 (Rhythm: Music vs Speech) ×2 (Pitch: Music vs Speech) 
Repeated Measures ANOVA. Overall, there was a Main Effect of Rhythm, F (1, 14), 9.43, 
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Figure 1. Sample spectrogram from the four conditions. Frequencies up from 1 Hz −10 kHz are shown 
on each plot.
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p = .008, ŋ2 = 0.13, no Main Effect of Pitch F (1, 14) = 0.26, p = .62, and most importantly, 
a significant Pitch by Rhythm Interaction, F (1, 14) = 35.98, p < .001, ŋ2 = .36 (Figure 2, 
Table 1). Follow-up pairwise comparisons revealed that when the target speech had 
a Musical Pitch the 50% SNR threshold was lower (i.e., better performance) when it’s 
rhythm was speech-like compared to when its rhythm was musical (p < .001). At the same 
time, when target speech had a Speech-like Pitch, there was no difference in the 50% SNR 
threshold between Musical Rhythm and Speech Rhythm (p = .15). Most critical, the 50% 
SNR threshold was lower (i.e., better performance) in the No Rhythm condition (i.e., 
Musical Pitch/Speech Rhythm) compared to the Spoken condition (p = .005), while 50% 
SNR threshold for the Sung speech was higher (i.e., worse performance) compared to 
Spoken speech (p = .047).

Given the focus on ecological validity in this study, it was difficult to precisely 
control how the singer produced each sentence in each condition. It is therefore 
possible that a 2 × 2 design would be inappropriate because the main vocal manipula
tion (spoken vs. sung melody; spoken vs. sung rhythm), could not be precisely 
manipulated, and thus may not be properly crossed. Accordingly, the data was also 
quantified using a 1-way repeated measures ANOVA with each Listening Condition 

Figure 2. 50% SNR threshold as a function of the properties of the target speech. Thresholds were 
lowest (i.e., easiest to understand) when target speech had music-like pitch, but speech-like rhythm. 
Thresholds were highest when target speech was sung, that is, had a music-like pitch and music-like 
rhythm.

Table 1. 50% SNR threshold: means and standard 
deviations (SD) for each condition.

Condition 50% SNR threshold SD

Spoken 0.897 1.714
Sung 2.719 3.186
Rapped −0.175 1.833
No Rhythm −1.494 2.296
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as a separate factor. This analysis revealed a similar pattern of results. There was 
a main effect of Listening Condition, F (3,42) = 13.65, p < .001, ŋ2 = 0.49. Follow-up 
tests revealed that the “No Rhythm” Condition was significantly better understood 
compared to both the Sung (p < .001), and Spoken (p = .004), but not Rapped (p  
= .12). The Rapped condition was significantly better understood compared to the 
Sung (p < .001), but not spoken (p = .123). Spoken was significantly better understood 
than Sung (p = .032).

In order to explore if individual variability could predict how well one understands 
SPiN (i.e., the Spoken condition), a linear regression was calculated that included Pure- 
tone Average (average of PTT from 500, 1000, 2000 and 4000 Hz), Age, Years of 
Education, Years of Music Training as predictors. The model was not significant (p  
= .96). To determine if individual differences could account for performance in the other 
experimental conditions, linear regressions were calculated for the Rapped, No Rhythm 
and Sung conditions. None of the models were significant (p = .16, .72, .17, respectively).

In order to determine how performance in each of the experimental conditions related 
to each other, a series of bivariate correlations was calculated between each condition. 
Interestingly, the performance in the Spoken condition was unrelated to any other 
condition (ps = .32–.44). At the same time, all the conditions with musical features 
were weakly correlated (ps = .03–.09). Scatterplots showing the relationship between 
each condition are presented in Figure 3. As a next step, we calculated a regression 
analysis with the Sung speech as a dependent, and the other two conditions with musical 
features (Rapped, No Rhythm) conditions as independent factors. Overall, the regression 
was significant (p = .002); however, neither factor made a significant independent con
tribution to performance when the target speech was Sung (p = .36 & .12, respectively), 

Figure 3. Scatterplots showing the relationship between performance (50% SNR threshold) in each of 
the listening conditions (spoken, sung, rapped, no rhythm).
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suggesting that the impact of adding musical features to target stimuli was similar across 
participants, and unrelated to their ability to perform in the Spoken condition.

To determine if our analyses were appropriately powered, we calculated a power 
analysis for both the ANOVA and the regression reported above. The power calculation 
for the ANOVA was .813, while the power for the regression was .526. Accordingly, the 
study was appropriately powered for the ANOVA analyses, but may have been under
powered for the regression analysis. This could explain why neither factor in the regres
sion made significant contributions to the overall effect.

Discussion

Overall, musical features in speech impacted on the ability to understand speech when 
presented in multi-talker babble noise. Adding musical pitch information (i.e., a melody) 
helped listeners understand SPiN when the speech had a natural speech rhythm. At the 
same time, adding musical pitch information reduced the ability to understand SPiN 
when the speech was presented with a musical (i.e., isochronous) rhythm. This pattern of 
results suggests that musical melodic cues can be used to help understand SPiN, but that 
the combination of multiple musical acoustic cues do not add up, and in the current 
study, demonstrate that multiple cues can reduce comprehensibility. The next sections 
will discuss why this might be the case will conclude with a discussion on how this 
finding could benefit the development of auditory rehabilitation programs for SPiN 
comprehension.

Overall, musical pitch contours (i.e., melody) aided SPiN comprehension, but only 
when the speech had a natural speech rhythm. One interesting parallel to this type of 
speech is “elderspeak” (ES), infant-directed speech (IDS), or Clear Speech (CS) where the 
speaker makes acoustic accommodations to aid listener comprehension (Krause & 
Braida, 2004; Shaw et al., 2021; Uchanski, 2005). Importantly, ES is considered inap
propriate and infantilizing when used with older adults who have perceived hearing loss 
or cognitive decline because it sounds like IDS; however, in some cases it does improve 
comprehension (McGuire et al., 2001; Shaw et al., 2021). For example, in IDS, talkers 
increase the overall variability of F0, increasing the pitch of F0, and increasing the 
duration of F0 on each phoneme, which aids in comprehention for infants (Audibert 
& Falk, 2018; Cox et al., 2022). Moreover, IDS is observed across many cultures, and is 
thought to be a critical part of language learning (Cox et al., 2022). While ES and IDS are 
used to help listeners with comprehension issues due to their age, CS is used to help all 
listeners with hearing impairments (Uchanski, 2005). Some acoustic features of CS 
include a slowed speaking rate, increased acoustic energy between 1 and 3 kHz, increased 
low-frequency modulation depth, greater F0 range, increased acoustic energy near 
the second and third formants and increased voice onset time (VOT); however, CS is 
usually spoken more naturally compared to both ES and IDS (Krause & Braida, 2004). 
When compared to normal speech, singing is fundamentally different, with singing 
generally having longer vowel duration, a higher F0, and more stable F0 contours on 
individual vowels compared to natural speech (Audibert & Falk, 2018; Cox et al., 2022). 
Accordingly, it seems like some song-like features are automatically added to speech in 
order to aid comprehension for listeners with comprehension difficulties (i.e., both 
infants and people with presumed cognitive or hearing deficits). It is possible that by 
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adding melodic information to speech, while maintaining a speech-like rhythm, that we 
generated stimuli that were similar to IDS, ES or CS.

While the addition of melodic information with speech-like rhythm aided in compre
hension, the addition of melodic information with a musical rhythm reduced compre
hension. This pattern was difficult to predict from previous work as some studies 
demonstrated both melodic and rhythmic advantages for detecting signals or speech- 
in-noise (Szalárdy et al., 2014; Vanden Bosch der Nederlanden et al., 2020), while others 
have shown that singing (Nie et al., 2018), or altering natural speech rhythms reduce the 
ability to understand SPiN (Binns & Culling, 2007; Miller et al., 2010). The results of the 
current study potentially bridge the gap between the seemingly contradictory results of 
previous studies. Adding a melody to speech allows for better neural tracking of F0, as 
seen in Vanden Bosch der Nederlanden et al. (2020). While Szalárdy et al., (2014) showed 
benefits for both adding both rhythm and melody to a stream segregation task, the results 
of Binns and Culling (2007), Miller et al. (2010), and Nie et al. (2018) suggest that when 
a streaming task involves natural speech, that our auditory systems expect to have 
a natural speech rhythm, but is more flexible when processing unexpected pitch con
tours. That is, in the case of speech, the brain cannot use the added acoustic features of 
rhythmicity to aid in segregation because musical rhythmicity interferes with speech 
processing. The results from the current study provide empirical support for this inter
ference effect, while demonstrating that melodic information alone is beneficial.

One interesting relationship observed in the data was a correlation in performance 
between all three of the “musical” conditions (i.e., Sung, Rapped, No Rhythm), but not 
the Spoken condition, suggesting that listening to musicalized speech is fundamentally 
different than listening to natural speech. This musical mode of listening may explain 
why musicians, and particularly older musicians, are better able to understand speech 
when there is background noise (Coffey et al., 2017; Hennessy et al., 2022; Zendel & 
Alain, 2012; Zendel et al., 2019). It is possible that musicians are able to engage a musical 
listening mode when listening to SPiN. Given that the No Rhythm condition was the 
easiest to comprehend in the current study, this further suggests that tracking pitch 
would be important when applying this mode of listening to speech. In support of this 
proposal is evidence that sub-cortical neurons show stronger phase locking to speech 
stimuli in musicians compared to non-musicians (Dubinsky et al., 2019; Musacchia et al.,  
2007), suggesting that musical training may help speech perception via a musical mode of 
listening during natural speech (Vanden Bosch der Nederlanden et al., 2020). The 
current results suggest that supplemental melodic cues in target speech can intrinsically 
improve speech understanding. However, one major limitation of this study was that we 
only used a single target voice for all stimuli, therefore it is possible that the effects 
observed here were due to features unique to her voice.

One of the most important aspects of the current finding is that melodic cues are 
already present in natural speech, as demonstrated by the speech-to-song illusion 
(Deutsch et al., 2011). Thus, a rehabilitation program could develop materials with 
longer vowel durations, and more stable F0 contours on individual vowels as starting 
points for auditory rehabilitation. If listeners were trained to focus on these features in 
exaggerated speech stimuli, and then have the features slowly removed, it is possible that 
the listener would learn to better identify those features in natural speech, which would 
then improve their ability to understand SPiN.
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