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A B S T R A C T   

The ability to process speech in noise (SPiN) declines with age, with a detrimental impact on life quality. Music- 
making activities such as singing and playing a musical instrument have raised interest as potential prevention 
strategies for SPiN perception decline because of their positive impact on several brain system, especially the 
auditory system, which is critical for SPiN. However, the literature on the effect of musicianship on SPiN per
formance has yielded mixed results. By critically assessing the existing literature with a systematic review and a 
meta-analysis, we aim to provide a comprehensive portrait of the relationship between music-making activities 
and SPiN in different experimental conditions. 38/49 articles, most focusing on young adults, were included in 
the quantitative analysis. The results show a positive relationship between music-making activities and SPiN, 
with the strongest effects found in the most challenging listening conditions, and little to no effect in less 
challenging situations. This pattern of results supports the notion of a relative advantage for musicians on SPiN 
performance and clarify the scope of this effect. However, further studies, especially with older adults, using 
adequate randomization methods, are needed to extend the present conclusions and assess the potential for 
musical activities to be used to mitigate SPiN decline in seniors.   

1. Introduction 

The capacity to comprehend speech in noise (SPiN) is an essential 
tool for everyday life. From busy streets to supermarkets and restau
rants, we are constantly faced with the challenge of untangling speech 
from competing sounds. SPiN capacity develops slowly, reaching adult- 
like performances in adolescence (e.g., for review see Leibold, 2017), 
and beginning to decline around the age of 50 (Moore et al., 2014) to 
become a common complaint among older adults (Working Group on 
Speech & Aging, 1988). Difficulties comprehending speech in noisy 
environments can lead to reduced social participation (Heine and 
Browning, 2002). Social disconnectedness and perceived loneliness have 
in turn been linked to depressive symptoms and an increased risk of 
dementia in elderly populations (Taylor et al., 2018; Sundström et al., 
2020; Santini et al., 2020). Finding strategies to mitigate the decline of 

SPiN perception is therefore crucial to maintain a satisfying quality of 
life and wellbeing in older adults. However, the exact etiology of SPiN 
difficulties remains elusive. Factors such as hearing impairment, 
cognitive decline and functional and structural brain aging appear to 
contribute with varying degrees to these difficulties (Souza and Turner, 
1994; Tun, 1998; Bilodeau et al., 2015; Presacco et al., 2016; Gor
don-Salant and Cole, 2016; Vermeire et al., 2016; Humes, 2021). 

The practice of a musical instrument is a known promoter of brain 
plasticity, affecting cortical as well as subcortical structures (Herholz 
and Zatorre, 2012; Kraus et al., 2009; Wan & Schlaug, 2010), due to its 
impact on auditory, cognitive, multisensory and motor processes as well 
as their integration (Zatorre et al., 2007). A wealth of research has 
examined the behavioural and neural impacts of music making activities 
(instrument playing, singing). Musicians exhibit better performance in 
auditory temporal processing (Kumar et al., 2014; Donai and Jennings, 
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2016; Grassi et al., 2017), enhanced spectral processing with better 
frequency and pitch discrimination for both musical and speech stimuli 
(Schon et al., 2004; Micheyl et al., 2006; Deguchi et al., 2012; Kuhnis 
et al., 2013) and enhanced concurrent sound segregation (Zendel & 
Alain, 2009, 2013). Musicians also exhibit better performance on verbal 
working memory, especially in the auditory modality (Hanna-Pladdy 
and Gajewski, 2012; Zuk et al., 2014; Mansens et al., 2018; D’Souza 
et al., 2018; Groussard et al., 2020). Based on these findings, it has been 
hypothesized that music-making activities could induce cross-domain 
plasticity, with better SPiN performance in those practising musical 
activities compared to those not engaged in such activities (see the 
OPERA hypothesis (Patel, 2011, 2012, 2014) and Kraus & 
White-Schwoch for a recent review (2017)). Though the specific 
mechanism underlying beneficial effects associated with musical activ
ities is not clear, cognitive reserve, either passive (structural) or active 
(more efficient processing) (see e.g. Stern, 2002 for a review of reserve 
theories) provides a general explanatory mechanism. While much of the 
research and debate has focused on the impact of music-making activ
ities during development (Schellenberg, 2005, 2011, 2015; Schellenberg 
and Hallam, 2005; Schellenberg and Peretz, 2008; Swaminathan and 
Schellenberg, 2020), research suggests that the adult brain remains 
plastic in older ages (Anderson et al., 2013; Burke and Barnes, 2006); 
therefore, music-making activities could potentially have positive im
pacts on older adults too, including on their declining SPiN capacities. 

The study of Parbery-Clark et al. (2009)—which showed that young 
adult musicians performed better than age-matched non-musicians on 
the HINT (Nilsson et al., 1994), a clinical SPiN task—opened the path for 
numerous studies that have explored the potential benefits of musi
cianship on SPiN perception under various experimental conditions. A 
recent review of 29 published articles (Coffey et al., 2017) on SPiN 
performance in musicians, while leaning towards a musician’s advan
tage on SPiN perception, underlined the heterogeneity of the results. 
Multiple factors could explain this variability, including the character
istics of the participants, such as their age, their cognitive status and 
education levels. Characteristics related to musical training could also 
influence SPiN performance: the age of onset, the number of years and 
the intensity of musical practice could have an influence on SPiN skills, 
with more experience leading to better SPiN performance. In addition to 
participants’ personal and music-related characteristics, heterogeneity 
could also be related to differences in SPiN tests, such as the type of task 
(e.g., repetition, discrimination, recognition), the response format 
(closed or open set), the nature of the speech targets (syllables, words, 
sentences), the use of spatial separation between the speech targets and 
the masking noise (referred to as “masker” in this article), the noise level 
(either positive signal-to-noise ratios (SNRs) or more challenging 
negative SNRs) and, importantly, the type of masking noise. 

The masking properties of noises can be separated into two broad 
categories: energetic (noise) and informational (Freyman et al., 1999). 
Energetic masking competes with the target speech on a 
spectro-temporal level, reducing its audibility at the auditory periphery 
(Rennies et al., 2019). Typical energetic maskers (simply referred to as 
“noise maskers” in this article) used in SPiN tasks are speech-shaped, 
pink or white noises. In contrast, informational masking interferes 
with the target speech at and beyond the auditory periphery, due to 
perceptual similarities between the target and the masker. Informational 
masking modulates speech perception by affecting the segregation of the 
speech from the masker (object formation) and/or by drawing attention 
away from the target to the masker (object selection) (for a review, see 
Kidd et al., 2008; Shinn-Cunningham, 2013). Competing speech con
tains both energetic and informational masking components. The ener
getic masking is produced by the overlap of spectro-temporal energy 
between the target and the masker (Rennies et al., 2019). The infor
mational masking of speech maskers derives from similarities between 
the target and masker talker’s voice (e.g., same-sex speakers in both the 
target and the masker (Brungart, 2001)), as well as by the linguistic 
properties of the masker, such as the phonetic and semantic content 

(Hoen et al., 2007; Brouwer et al., 2012). Varying the number of talkers 
in a speech masker modulates both its informational and energetic 
masking properties. The informational power peaks with two-three 
talkers and then gradually decreases with the addition of talkers 
(assuming a constant SNR), whereas the energetic power increases 
proportionally with the number of talkers (Tun and Wingfield, 1999; 
Hoen et al., 2007; Rosen et al., 2013; Helfer and Freyman, 2014). It has 
been shown that task difficulty varies with the number of talkers 
(assuming a constant SNR): a one-talker masker represents the least 
challenging condition, whereas a 2–3 talker masker represents the most 
challenging condition (Freyman et al., 2004; Rosen et al., 2013; Helfer 
and Freyman, 2014). Studies on non-musicians have shown that both 
noise and speech maskers produce significant masking when presented 
collocated to the target speech (Taitelbaum-Swead and Fostick, 2016; 
Goossens et al., 2017). Spatially separating the target from the masker 
can alleviate the masking power of both noise and speech maskers in 
general, but the effect of spatial separation is particularly salient in 
speech maskers with high informational content (Freyman et al., 1999, 
2001, 2004; Arbogast et al., 2005; Yost, 2017). 

The effect of age on SPiN perception has been studied in non- 
musicians and has been shown to negatively impact performance 
under various experimental conditions. The negative impact of age is 
systematically shown in speech maskers, whereas SPiN performance in 
noise maskers appears to be less affected by age (Tun and Wingfield, 
1999; Rajan and Cainer, 2008; Taitelbaum-Swead and Fostick, 2016; 
Goossens et al., 2017; Buss et al., 2019). Compared to younger adults, 
older adults require a more positive SNR than younger adults to reach 
the same performance (Desjardins and Doherty, 2013; Buss et al., 2019) 
and at the same SNR levels, older adults have worse performance than 
younger adults (Helfer and Freyman, 2014; Taitelbaum-Swead and 
Fostick, 2016). 

The main objective of the present study was to provide a qualitative 
and quantitative analysis of the literature on SPiN performance in mu
sicians compared to non-musicians through a systematic review of the 
literature and a meta-analysis. We aimed to evaluate the strength of the 
evidence for a musician advantage in SPiN performance as a function of 
different masker conditions, namely speech in noise maskers, speech in 
speech maskers, speech in spatially separated maskers and SPiN at 
different SNR levels (<0 dB; 0 dB; >0 dB). Assuming that the cognitive 
training that is inherent to music training leads to improved capacity to 
ignore auditory distractors, and that the sensory component of music 
training leads to improved auditory scene analysis capacity including 
the capacity to tease apart signal from noise, then one would expect to 
find a musician advantage with both noise and speech maskers. Further, 
we expected that a musician advantage would vary according to the 
difficulty of the SPiN task, with an advantage emerging in the most 
difficult conditions, given that performance in non-musician is good 
when noise level is low (i.e., ceiling effect). We expected a musician 
advantage to be stronger in collocated conditions compared to spatially 
separated conditions, especially with a two-talker masker (Freyman 
et al., 2004; Rosen et al., 2013; Helfer and Freyman, 2014) and under 
negative SNR levels, again because of a potential ceiling effect in easier 
conditions. The second objective was to evaluate whether the impact of 
musicianship changes as a function of the participants’ age. We expected 
to find a musician advantage at all ages, but we expected the impact of 
musicianship to be more salient in older musicians especially in speech 
maskers, with the hypothesis of a potential cognitive reserve (Stern, 
2002, 2009; Stern et al., 2020) mitigating SPiN perception decline. 

2. Methods 

2.1. Search strategy 

A systematic literature review was conducted based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA) 
statement (Liberati et al., 2009). The electronic literature search was 
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performed using PubMed and PsycNet on May 9, 2020, to identify 
studies comparing the speech-in-noise performance of musicians 
compared to non-musicians. The following keywords in these specific 
Boolean combinations were used: (music*[Title] OR sing [Title] OR 
singing [Title] OR singer [Title] OR instrument*[Title]) AND (noise OR 
intelligibility OR comprehensibility OR clear) AND (speech OR word OR 
signal OR sentence OR verbal) AND (perception OR comprehension OR 
intelligibility OR discrimination OR recognition OR understanding OR 
listening). The literature search was updated on the 15th of December 
2021, filtering for the years 2020 and 2021. 

2.1.1. Study selection 

2.1.1.1. Selection process. A preselection on the title and the abstract of 
all retrieved articles was performed independently by two team mem
bers. The preselected articles were then independently assessed thor
oughly on the full text by the same two reviewers. After full text 
assessment, the bibliographies of the selected articles were screened for 
additional articles, which were then independently assessed via the 
same preselection and selection processes by the two team members. 

2.1.1.2. Selection criteria. To be included, studies had to be quantitative 
cross-sectional or longitudinal group studies published in French or 
English. There were no restrictions on publication dates. Studies had to 
include healthy male and female adults, with both musician and non- 
musician participants. In cross-sectional studies, musicianship was 
defined as the active solo/group practice of one/more musical instru
ment(s) and/or of singing—both practised at any level (amateur, pro
fessional). In longitudinal training studies, “musicians” were those 
enrolled in a musical instrument and/or singing training programs (solo 
and/or group practice). Finally, studies had to report the behavioural 
performance of musicians and non-musicians in at least one SPiN task. 
SPiN tasks had to present speech targets of any linguistic level (syllables, 
words, sentences) with a noise or a speech masker. 

Single case, case series and multiple case studies were excluded. 
Studies focusing on participants affected by pathologies of any kind, 
including clinically diagnosed hearing impairments and/or wearing 
hearing aids were also excluded. 

Specifically for the meta-analysis, we included only SPiN conditions 
with a binaural presentation of the stimuli (i.e., targets and maskers), 
either collocated or spatially separated. Furthermore, only SPiN condi
tions presenting natural speech targets were included, meaning that 
conditions with compressed, cochlear implant (CI) simulated, vocoded, 
monotonized, or whispered speech targets were excluded. With regards 
to noise maskers, only continuous energetic maskers were included, 
meaning that SPiN conditions with gated noise maskers were excluded. 

2.1.2. Study designs and risk of bias assessment 
The quality of each study was assessed with the QualSyst Tool (Kmet 

et al., 2004), which consists of 14 questions and a scoring system. When 
a study reported other (non-SPiN) tasks, those were not assessed. As 
shown in supplementary material 1a, the QualSyst Tool being a general 
tool, subcriteria were added to several questions to adapt the assessment 
to our specific question. 

According to the QualSyst Tool scoring system, each question was 
answered by “No” (0 point), “Partial” (1 point), “Yes” (2 points) or “N/ 
A” and a summative score was calculated (/14), which was then con
verted to a ratio score through a division of the sum by the maximum 
number of points. Based on previous systematic reviews (Lee et al., 
2008; Maharaj and Harding, 2016), the summary score of each study 
was classified as either strong (>0.8), good (0.71-0.79), adequate 
(0.5-0.7) or limited (<0.5). Two of the authors (EMa, PT) independently 
assessed the quality of each study and their agreement was measured 
with an intraclass correlation coefficient (ICC) calculated with a 
two-way mixed model (Koo and Li, 2016). Discrepancies between 

authors were solved by consensus. 

2.1.3. Data extraction 
Data extraction was done independently by one author (EMa) and a 

research intern (JP) and verified by a second author (MJ). Discrepancies 
were solved by consensus. The extracted data are presented in supple
mentary materials 2 and 3. The cross-sectional and longitudinal studies 
are presented in separate tables. The following information was 
extracted for each study. 

• group characteristics including sample size, mean age, sex distribu
tion, education level and language (supplementary material 2, 
Tables 2a and 2b); 

• musicianship, including type of musical activity [vocals, in
struments], level of practice [amateur, professional], mean age of 
practice onset, mean number of years of practice, mean hours of 
weekly practice (supplementary material 2, Tables 2a and 2b);  

• SPiN tasks, including type, characteristics of the target and the 
masker, target to masker localization, presentation mode. 

• dependent variables, including accuracy (% correct), speech recep
tion threshold (SRT), signal-to-noise ratio (SNR) loss score, reaction 
time (RT) and variables based on signal detection theory (sensitivity, 
criteria) (supplementary material 3, Table 3); 

• group differences in speech performance and their direction (sup
plementary material 3, Table 3). 

Finally, for the meta-analysis, we also extracted the mean and 
standard deviations for the performance of each group (musicians, non- 
musicians) in the selected SPiN tasks. For longitudinal studies, we 
extracted means and standard deviations for the post-training perfor
mance of each group. 

2.1.4. Statistical analysis 
The SPiN tasks of 38 studies were included in the meta-analysis. To 

test our hypotheses, separate meta-analyses were run on the following 
conditions.  

a) speech in noise masker (19 studies);  
b) speech in speech masker—one talker (7 studies);  
c) speech in speech masker—two talkers (5 studies);  
d) speech in speech masker—four talkers (16 studies);  
e) speech in a spatially separated masker (6 studies);  
f) speech in noise—SNR <0 dB (7 studies);  
g) speech in noise—SNR = 0 dB (7 studies);  
h) speech in noise—SNR> 0 dB (5 studies); 

Task conditions with collocated stimuli were used in all meta- 
analyses except for (e). Due to the small number of studies, separate 
meta-analyses for speech and noise maskers for the conditions e to h 
could not be run (it would have led to fewer than 5 studies per analysis); 
hence both noise and speech maskers were included in these analyses. 

In several studies, there were multiple (non-independent) outcomes, 
which were dealt with in the following way. First, for studies reporting 
SPiN performances in conditions eligible for different meta-analyses, for 
example one outcome with a noise masker and another one with a two- 
talker speech masker, the issue was automatically resolved by separating 
them in the different meta-analyses (Borenstein et al., 2009). Second, 
when studies presented various outcomes eligible for the same 
meta-analysis, the most represented experimental condition in the 
meta-analysis was always preferred. For example, when a study pre
sented outcomes with two different noise maskers such as a white noise 
and a speech-shaped noise, the speech-shaped noise was always used in 
meta-analysis a); or when a study presented both the WIN and the 
QuickSIN (which only happened in 3 studies) —two tasks with a 
four-talker masker—the QuickSIN was always used in meta-analysis 
given that this was the most common test of SPiN, d). Third, when a 
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Table 1a 
SPiN tasks and results—cross-sectional studies.  

Article Groups SPiN task Task type Target: 
linguistic 
level 

Target: 
vocal 
style 
(talker 
gender) 

Target: 
language 

Presentation Masker Spatial 
configurationa 

DV Experimental 
manipulation 

M > NMb ∅c 

Studies on young adults 
Anaya et al. 

(2016) 
M VS. NM HINT Oral REP S SPO 

(male) 
American 
English 

H EM (speech- 
shaped 
noise) 

COL % correct SNR: fixed at − 3 
dB 

None HINT & 
PRESTO 
composite 
score M VS. NM PRESTO Oral REP S SPO 

(different 
talkers) 

– H 6-TM COL % correct SNR: fixed at 0 
dB 

Baskent and 
Gaudrain 
(2016) 

M VS. NM Other Oral REP S SPO 
(male) 

Dutch H 1-TM (S 
sequences; 
same male as 
the target) 

COL % correct Masker: VTL 
shifted down by 
0, 0.75, 1.5 
semitones and F0 
shifted up by 0, 4, 
8 semitones; 
SNR: fixed at − 6 
dB 

Every 
condition of 
the task 

None 

Bidelman and 
Yoo (2020) 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

American 
English 

H 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

QuickSIN None 

M VS. NM Other Recall of 
callsigns 
(colour- 
number 
combination) 

S SPO 
(female 
(50%) or 
male 
(50%)) 

– Circular 
array of 16 
Ls 

1- to 8-TM SS (from ± 20◦

to +/− 180◦) 
Accuracy; 
RT; 
Localization 
error 

Masker: 1 to 8 
talkers, with each 
talker in a 
different L; SNR: 
fixed at 0 dB; 
Spatial 
configuration: 
random spatial 
separation of 
targets and 
maskers from ±
20◦ to +/− 180◦. 

S in TM with 
a rising 
number of 
talkers 
(accuracy, 
RT and 
localization 
error). 

None 

Boebinger 
et al. (2015) 

M VS. NM Other Oral REP S SPO 
(female) 

British 
English 

H 1-TMs (1) 
clear speech; 
male talker, 
2) spectrally 
rotated 
speech; male 
talker); EMs 
(1) speech 
amplitude 
modulated 
noise, 2) 
steady 
speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure; 
Masker: clear 
speech, spectrally 
rotated speech, 
speech amplitude 
modulated noise, 
speech spectrum 
steady noise. 

None Every 
condition of 
the task 

Clayton et al. 
(2016) 

M VS. NM Other Word IDE S SPO 
(female) 

– H 1-TM (S; 
different 
female as the 
target) 

COL; SS (±15◦

azimuth) 
SRT SNR: adaptive 

procedure; 
Spatial 

S in 1-TM, SS S in 1-TM, 
COL 

(continued on next page) 
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Table 1a (continued ) 

Article Groups SPiN task Task type Target: 
linguistic 
level 

Target: 
vocal 
style 
(talker 
gender) 

Target: 
language 

Presentation Masker Spatial 
configurationa 

DV Experimental 
manipulation 

M > NMb ∅c 

configuration: 
0◦, ±15◦. 

Coffey et al. 
(2017) 

Continuum Modified 
HINT 

Oral REP S SPO 
(male) 

American 
English 

H EM (speech- 
shaped 
noise) 

COL % correct SNR: 2 dB, − 2 
dB, − 6 dB. 

Study with 
correlation/ 
regression  

Coffey et al. 
(2019) 

M VS. NM Modified 
HINT 

Oral REP S SPO 
(male) 

American 
English 

H EM (Speech- 
shaped 
noise) 

COL % correct SNR: 2 dB to - 7 
dB with 1 dB 
steps. 

Modified 
HINT 

None 

Deroche et al. 
(2017) 

M VS. NM Other Written REP S SPO 
(male) 

– H 2-TM (S; 
same male as 
the target); 
EM (Speech- 
modulated 
buzzes) 

COL (diotic 
presentation); 
SS (dichotic 
presentation) 

SRT SNR: adaptive 
procedure; F0: 
difference 
between target 
and masker of 0, 
-2, -8 semitones; 
Masker: EM, 2- 
TM; Spatial 
configuration: 
diotic, dichotic. 

None Every 
condition of 
the task 

Other Written REP S SPO 
(male)  

H 2-TM (S; 
same male as 
the target); 
EM (Speech- 
modulated 
buzzes) 

COL SRT SNR: adaptive 
procedure; F0: 
difference 
between target 
and masker of 0, 
-2, -8 semitones; 
Masker: EM, 2- 
TM; Priming: 
with priming, 
without priming 

None Every 
condition of 
the task 

Other Written REP S SPO 
(male)  

H 2-TM (S; 
same male as 
the target); 
EM (Speech- 
modulated 
buzzes) 

COL SRT SNR: adaptive 
procedure; F0: 
difference 
between target 
and masker of 
− 2, 0, +2, ±2 
semitones; 
Masker: masker 
type: EM, 2-TM 
masker roving: F0 
fixed at 125 Hz, 
variable over ten 
logarithmic steps 
between 100 and 
150 Hz) 

S in 2-TM 
with fixed 
and variable 
F0; S in EM 
variable F0. 

S in EM with 
fixed F0. 

Other Written REP S SPO 
(male)  

H 2-TM (S; 
same male as 
the target); 
EM (Speech- 
modulated 
buzzes) 

COL SRT SNR: adaptive 
procedure; F0: 
difference 
between target 
and masker of 
− 8, 0, +8, ±8 
semitones; 
Masker: masker 

Every 
condition of 
the task 

None 

(continued on next page) 
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Table 1a (continued ) 

Article Groups SPiN task Task type Target: 
linguistic 
level 

Target: 
vocal 
style 
(talker 
gender) 

Target: 
language 

Presentation Masker Spatial 
configurationa 

DV Experimental 
manipulation 

M > NMb ∅c 

type: EM, 2-TM; 
masker roving: F0 
fixed at 125 Hz, 
variable over ten 
logarithmic steps 
between 100 and 
150 Hz 

Du and Zatorre 
(2017) 

M VS. NM Other IDE SYL SPO 
(female) 

North 
American 
English 

IE EM (white 
noise) 

COL % correct; RT SNR: 12 dB, − 8 
dB, − 4 dB, 0 dB, 
8 dB 

SYL in EM 
(% correct) 

SYL in EM 
(RT) 

Escobar et al. 
(2020) 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

IE 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

None QuickSIN 

M VS. NM HINT Oral REP S SPO 
(male) 

British 
English 

L EM (speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure 

None HINT 

M VS. NM SPIN-R Oral REP S SPO 
(male) 

– IE 12-TM COL % correct for 
final word 

Target: high- 
predictability 
final word, low- 
predictability 
final words; SNR: 
fixed at +2 dB 

None Every 
condition of 
the task 

Fuller et al. 
(2014) 

M VS. NM Other Oral REP W SPO 
(female) 

Dutch L EM (Speech- 
shaped 
noise) 

COL % correct 
(phonemes) 

SNR: 0 dB, 5 dB, 
10 dB; Target: 
natural speech, 
CI—simulated 
speech; No-noise 
condition 

Every 
condition of 
the task 

None 

M VS. NM Other Oral REP S SPO 
(female) 

Dutch L EM (1) 
Steady 
speech- 
shaped 
noise; 2) 
fluctuating 
speech- 
shaped 
noise); 6-TM 

COL SRT SNR: adaptive 
procedure; 
Target: natural 
speech, 
CI—simulated 
speech; Masker: 
EM1, EM2, 6-TM 

None Every 
condition of 
the task 

Kaplan et al. 
(2021) 

M VS. NM Other Oral REP S SPO (one 
female) 

Dutch L 2-TM (S; 
different 
female as the 
targets) 

COL % correct SNR: 3, − 5, − 7, 
− 9 dB 

Every 
condition of 
the task 

None 

Jain and 
Nataraja 
(2019) 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

Kannada H 4-TM (one 
male and 
three 
females) 

COL SRT SNR: +8 dB to 
− 10 dB with 3 dB 
steps 

None QuickSIN 

Madsen et al. 
(2017) 

M VS. NM Other Written REP S SPO 
(male) 

British 
English 

H 2-TM (S); EM 
(Speech- 
shaped 
noise) 

COL % correct Target: natural 
speech, 
monotonized 
speech; Masker: 
EM,2-TM 

None Every 
condition of 
the task 

(continued on next page) 
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Table 1a (continued ) 

Article Groups SPiN task Task type Target: 
linguistic 
level 

Target: 
vocal 
style 
(talker 
gender) 

Target: 
language 

Presentation Masker Spatial 
configurationa 

DV Experimental 
manipulation 

M > NMb ∅c 

(natural speech 
with F0 equal or 
1/2/4/8 
semitones lower 
than the target, 
monotonized 
speech); SNR: 
fixed at − 3 dB 

Madsen et al. 
(2019) 

M VS. NM Other Word IDE S SPO (3 
different 
females, 
one at a 
time) 

Danish L 1-TM (S; 
same 3 
females as 
the target, 
one at a 
time) 

COL; SS (±15◦

azimuth) 
SRT SNR: adaptive 

procedure; 
Spatial 
configuration: 
0◦, ±15◦

None Every 
condition of 
the task  

M VS. NM Other Oral REP S SPO 
(male) 

L 2-TM (two 
males); EM 
(Gaussian 
noise) 

COL; SS (±15◦

azimuth) 
SRT SNR: adaptive 

procedure; 
Masker: 2TM, 
EM; Spatial 
configuration: 
0◦, ±15◦; 
Reverberation: 
anechoic, 
reverberant 

None Every 
condition of 
the task 

Mandikal 
Vasuki et al. 
(2016) 

M VS. NM LiSN–S test 
(2 
conditions) 

Oral REP S SPO 
(female) 

Australian 
English 

H 1-TM 
(continuous 
discourse; 
same voice 
as the target 
or a different 
female 
voice) 

COL SRT SNR: adaptive 
procedure; 
Masker: same 
female, different 
female as the 
target 

None Every 
condition of 
the task 

Mankel and 
Bidelman 
(2018) 

M VS. NM 
(both high- 
and low- 
PROMS) 

QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

– 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: from 25 dB 
to 0 dB with 5 dB 
steps 

QuickSIN None 

Morse-Fortier 
et al. (2017) 

M VS. NM Other Recall of target 
words 

W SPO 
(female) 

North 
American 
English 

L 2-TM (S; 
female) 

COL; COL +
extra masker at 
+60◦ azimuth 

SNR 
threshold 

SNR: adaptive 
procedure; 
Target: natural 
speech, vocoded 
speech; Masker: 
natural speech, 
vocoded speech; 
Spatial 
configuration: 
masker and 
speech COL at 0◦, 
masker and 
speech COL at 0◦

+ masker at +60◦

Every 
condition of 
the task 

None 

(continued on next page) 
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Table 1a (continued ) 

Article Groups SPiN task Task type Target: 
linguistic 
level 

Target: 
vocal 
style 
(talker 
gender) 

Target: 
language 

Presentation Masker Spatial 
configurationa 

DV Experimental 
manipulation 

M > NMb ∅c 

Parbery-Clark 
et al. (2009) 

M VS. NM HINT Oral REP S SPO 
(male) 

American 
English 

L EM (speech- 
shaped 
noise) 

COL; SS (+90◦

azimuth—90◦

azimuth) 

SRT SNR: adaptive 
procedure; 
Spatial 
configuration: 
0◦, +90◦, − 90◦

HINTfront (S 
in EM, COL) 

HINTright (S 
in EM, SS at 
+90◦

azimuth); 
HINTleft (S 
in EM, SS at 
− 90◦

azimuth). 
M VS. NM QuickSIN Oral REP S SPO 

(female) 
North 
American 
English 

IE 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

QuickSIN None 

Parbery-Clark 
et al. (2011) 

M VS. NM HINT Oral REP S SPO 
(male) 

American 
English 

L EM (speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure 

HINT None 

Parbery-Clark 
et al. (2012) 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

IE 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

QuickSIN None 

Parbery-Clark 
et al. (2013) 

M VS. NM HINT Oral REP S SPO 
(male) 

American 
English 

L EM (speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure 

HINT None 

Puschmann 
et al. (2019) 

Continuum Other Word 
detection 

S SPO 
(male) 

American 
English 

IE 1-TM (S; 
male) 

COL F1 score (=
harmonic 
mean of 
recall (i.e., 
number of 
detected 
target W 
divided by 
the total 
number of 
targets W); 
Precision 
(number of 
detected 
target W 
divided by 
the total 
number of 
button 
presses). 

SNR: fixed at 0 
dB; No-noise 
condition 

Study with 
correlation/ 
regression  

HINT Oral REP S SPO 
(male) 

American 
English 

– EM (speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure 

Other Oral REP S SPO (3 
different 
males) 

– – 1-TM (S; 3 
same males 
as the target) 

COL SRT SNR: adaptive 
procedure 

Ruggles et al. 
(2014) 

M VS. NM Other Written REP S 
(nonsense) 

SPO 
(female), 
WHI 

– H EMs (1) 
continuous 
speech- 

COL % correct; 
masking 
release 

SNR: 6 dB, − 3 
dB, 0 dB); 
Target: voiced 

None Every 
condition of 
the task 

(continued on next page) 
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Table 1a (continued ) 

Article Groups SPiN task Task type Target: 
linguistic 
level 

Target: 
vocal 
style 
(talker 
gender) 

Target: 
language 

Presentation Masker Spatial 
configurationa 

DV Experimental 
manipulation 

M > NMb ∅c 

(same 
female), 
modified 
WHI 
speech 
(same 
female) 

shaped 
noise, 2) 
square-wave 
gated 
speech- 
shaped 
noise) 

(between 
gated and 
continuous 
noise) 

speech, WHI 
speech, modified 
WHI speech; 
Masker: 
continuous noise, 
gated noise 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

H 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: from 25 dB 
to 0 dB with 5 dB 
steps 

None QuickSIN 

M VS. NM HINT Oral REP S SPO 
(male) 

American 
English 

H EM (speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure 

None HINT 

Skoe et al. 
(2019) 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

IE 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

QuickSIN 
(with noise 
exposure as 
a covariate) 

QuickSIN 
(without 
noise 
exposure as a 
covariate) 

Slater and 
Kraus (2016) 

Percussionists 
and Vocalists 
VS. NM 

QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

IE 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

QuickSIN None 

Percussionists 
and Vocalists 
VS. NM 

WIN Oral REP W SPO 
(female) 

North 
American 
English 

IE 4-TM COL SNR 
threshold 

SNR: 24 dB–0 dB 
with 4 dB steps 

None WIN 

Slater et al. 
(2018) 

Percussionists 
VS. NM 

QuickSIN Oral REP S SPO 
(female) 

American 
English 

L 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

QuickSIN None 

Soncini and 
Costa (2006) 

M VS. NM Other Oral REP S SPO Brazilian 
Portuguese 

H EM (speech- 
shaped 
noise) 

COL in right 
ear only 
(monaural 
presentation); 
COL in left ear 
only 
(monaural 
presentation) 

SRT-quiet; 
SNR level 

SNR: adaptive 
procedure; No- 
noise condition 

S in EM a) 
left ear only, 
b) right ear 
only(SNR 
level). 

S in quiet a) 
left ear only, 
b) right ear 
only(SRT- 
quiet). 

Swaminathan 
et al. (2015) 

M VS. NM Other Word IDE S SPO 
(female) 

– H 1-TM (S; 
female)EM 
(time 
reversed 1- 
TM) 

COL; SS (±15◦

azimuth) 
SRT SNR: adaptive 

procedure. 
Masker: forward 
or time-reversed; 
Spatial 
configuration: 
0◦, − 15◦, +15◦

S in 1-TM, 
SS; 
S in EM, 
COL. 

S in 1-TM, 
COL; S in 
EM, SS. 

Vanden Bosch 
der 
Nederlanden 
et al. (2020) 

M VS. NM Revised 
speech-in- 
noise (R- 
Spin) 

Oral REP (last 
W in the 
carrier S) 

S SPO 
(male) 

– H Multi-TM COL in left ear 
only 
(monaural 
presentation) 

% correct (at 
− 1 dB SNR) 

SNR: 1 dB–23 dB 
with 3 dB steps; 
Target: high 
predictability 
carrier S, low 

Study with 
correlation/ 
regression  

(continued on next page) 
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Table 1a (continued ) 

Article Groups SPiN task Task type Target: 
linguistic 
level 

Target: 
vocal 
style 
(talker 
gender) 

Target: 
language 

Presentation Masker Spatial 
configurationa 

DV Experimental 
manipulation 

M > NMb ∅c 

predictability 
carrier S 

Varnet et al. 
(2015) 

M VS. NM Other SYL 
categorization 
(da or ga) 

VCCV NW SPO 
(male) 

– H EM (white 
noise) 

COL % correct; 
signal 
detection 
theory 
[sensitivity 
(d’), RT, 
decision 
criteria (c)]; 
SNR 
threshold 

SNR: adaptive 
procedure 

SYL in EM 
(% correct, 
d’, SNR) 

SYL in EM 
(RT, c) 

Yoo & 
Bidelman 
(2019) 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

H 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

QuickSIN None 

M VS. NM HINT Oral REP S SPO 
(male) 

American 
English 

H EM (speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure 

None HINT 

M VS. NM WIN Oral REP W SPO 
(female) 

North 
American 
English 

H 4-TM COL SNR 
threshold 

SNR: 24 dB–0 dB 
with 4 dB steps 

None WIN 

Zendel et al. 
(2015) 

M VS. NM Other Oral REP W SPO 
(male) 

French 
(Québec) 

IE 4-TM (two 
women and 
two men) 

COL % correct SNR: 0 dB, 15 dB; 
No-noise 
condition 

W in 4-TM at 
SNR = 0 dB 

W in 4-TM at 
SNR = 15 dB; 
W in quiet 

Zhang et al. 
(2019) 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

H 4-TM (one 
male and 
three 
females) 

COL in left ear 
only 
(monaural 
presentation), 
COL in the 
right ear only 
(monaural 
presentation), 
COL in both 
ears (binaural 
presentation) 

SNR loss SNR: from 25 dB 
to 0 dB with 5 dB 
steps; Spatial 
configuration: 
COL stimuli in 
the right ear only, 
the left ear only, 
in both ears 

None Every 
condition of 
the task 

Studies on middle-aged adults 
Parbery-Clark 

et al. (2011) 
M VS. NM HINT Oral REP S SPO 

(male) 
American 
English 

L EM (speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure 

HINT None 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

IE 4-TM (one 
male and 
three 
females) 

COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

QuickSIN None 

M VS. NM WIN Oral REP W SPO 
(female) 

North 
American 
English 

IE 4-TM COL SNR 
threshold 

SNR: 24 dB–0 dB 
with 4 dB steps 

WIN None 

Parbery-Clark 
et al. (2012) 

M VS. NM HINT Oral REP S SPO 
(male) 

American 
English 

L EM (speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure 

HINT None 

Studies on older adults 

(continued on next page) 
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Table 1a (continued ) 

Article Groups SPiN task Task type Target: 
linguistic 
level 

Target: 
vocal 
style 
(talker 
gender) 

Target: 
language 

Presentation Masker Spatial 
configurationa 

DV Experimental 
manipulation 

M > NMb ∅c 

Fostick (2019) M VS. NM 
(Card players) 
VS. NM 
(Controls) 

AB word 
test 

Oral REP W SPO Hebrew H EMs (1) 
speech- 
shaped 
noise, 2) 
white noise) 

COL % correct Target: natural 
speech; 
compressed 
speech; Masker: 
EM1, EM2; SNR: 
fixed at 0 dB; No 
noise condition 

Every 
condition of 
the task 

None 

Mussoi (2021) M VS. NM QuickSIN Oral REP S SPO 
(female) 

North 
American 
English 

IE 4-TM COL SNR loss SNR: from 25 dB 
to 0 dB with 5 dB 
steps 

None QuickSIN 

HINT Oral REP S SPO 
(male) 

American 
English 

L EM (speech- 
shaped 
noise) 

COL SRT SNR: adaptive 
procedure 

None HINT 

SPIN-R Oral REP S SPO 
(male) 

– IE 12-TM COL % correct SNR: fixed at +2 
dB 

None SPIN-R 

Studies on a broad age range 
Meha-Bettison 

et al. (2018) 
M VS. NM LiSN–S test Oral REP S SPO 

(female) 
Australian 
English 

H 1-TM 
(continuous 
discourse; 
same voice 
as the target 
or a different 
female 
voice) 

COL; SS (±90◦

azimuth) 
SRT SNR: adaptive 

procedure; 
Masker: same 
voice as the 
target, different 
voice; Spatial 
configuration: 
0◦, ±90◦

Same voice 
for target 
and masker 
at 
0◦ azimuth 
("low-cue 
SRT"; no 
group effect, 
result of 
planned 
comparison) 

Different 
voices for 
target and 
masker at 
±90◦

azimuth 
("high-cue 
SRT"); Same 
voice for 
target and 
masker at 
±90◦; 
Different 
voices for 
target and 
masker at 
0◦ azimuth; 
Same voice 
for target 
and masker 
at 
0◦ azimuth. 

Perron et al. 
(2021) 

M VS. NM Other Discrimination SYL SPO 
(male) 

French 
(Québec) 

H 4-TM (2 
females and 
2 males) 

COL Signal 
detection 
theory 
(Sensitivity 
(d’)) 

SNR: 3 dB, +3 dB None SYL in 4-TM 
(average d’ 
between − 3 
dB and +3 
dB) 

Yeend et al. 
(2017) 

Continuum LiSN–S test 
(2 
conditions) 

Oral REP S SPO 
(female) 

Australian 
English 

H 1-TM 
(continuous 
discourse; 
female) 

SS (±90◦

azimuth) 
SRT SNR: adaptive 

procedure 
Study with 
correlation/ 
regression 

Zendel and 
Alain (2012) 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

American 
English 

IE 4-TM COL SNR loss SNR: 25 dB–0 dB 
with 5 dB steps 

Study with 
correlation/ 
regression 

Studies on young and older adults 

(continued on next page) 
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study presented various outcomes eligible for the same meta-analysis 
but with an additional experimental manipulation, such as results 
with the same noise masker but with variations in the stimuli’s F(0) or 
the SNR levels, an average score of these different results was calculated 
and used in meta-analysis a) (Borenstein et al., 2009). Finally, when two 
studies eligible for the same meta-analysis had exactly the same par
ticipants in their sample, we included only one of them. Therefore, in the 
SNR> 0 dB meta-analysis, we included data from Zendel et al. (2019), 
but not from Fleming et al. (2019). 

For each meta-analysis, a random-effect model was used to take into 
account the variability in SPiN tasks and participant characteristics 
(Borenstein et al., 2009). The random effect meta-analyses were con
ducted using the R Metafor package (R 4.2.1; R Development Core Team) 
running on Windows 11. Due to the small number of studies per analysis, 
Hedge’s g (Borenstein et al., 2009) was used for each analysis as a power 
estimate (bias-corrected standardized mean differences). Hedge’s g of 
<0.5, 0.5–0.8, and> 0.8 were considered as small, moderate, and high, 
respectively (Cohen, 1988). The Cochrane’s Q test and I2 statistics 
(Higgins et al., 2003) were used to assess the between-study heteroge
neity. For the Cochrane’s Q test, to indicate the presence of 
between-study heterogeneity, an alpha level of 0.05 was chosen for 
statistical significance. I2values of 25%–50%, 50%–75%, and ≥75% 
were considered as low, moderate, and high between-study heteroge
neity, respectively (Higgins et al., 2003). To test whether any study was 
overly influential on the effect size estimate, we conducted a 
leave-one-out cross-validation in each meta-analysis (Viechtbauer, 
2010). Finally, meta-regressions (Huizenga et al., 2011) were also 
conducted to assess the potential moderating impact of different factors 
on SPiN performance. First, the mean of the musician and non-
musicians’ mean ages were computed and used as a continuous 
moderator, “mean age,” in each analysis. Second, to evaluate the effect 
of study quality, the scores obtained on the QualSyst evaluation tool 
were used as a continuous moderator, “study quality,” in each 
meta-analysis. The little number of available studies prevented the 
assessment of other potential moderators, such as the target’s linguistic 
level (syllable, word, sentences) or the masker type (noise masker, 
speech masker) in meta-analyses c) and d). 

The extracted data and analysis scripts are available on Borealis, the 
Canadian Dataverse Repository (DOI: https://doi.org/10.5683/SP3/ 
TQAUAS). 

3. Results 

3.1. Study selection 

Electronic literature searches conducted in May 2020 identified a 
total of 579 studies matching the search terms: 322 in Pubmed and 257 
in PsycNet. Five additional records were obtained: 3 from the bibliog
raphy screening of all selected articles identified through database 
searching and 2 articles were obtained directly from their authors. 460 
records remained after the removal of duplicates. References not 
meeting the inclusion criteria on the screening of titles and abstracts 
were discarded (N = 400 records). All disagreements were solved by 
either consensus (23/28) or by involving the senior author (PT) (5/28). 
After evaluation of the remaining 60 articles on their full text, 17 articles 
that did not meet the inclusion criteria for the systematic review were 
discarded, and 43 articles were retained. All disagreements (3/3) were 
resolved by involving the senior author (PT), who evaluated the articles 
independently. A record of both the articles and the reason for the 
exclusion were kept, as well as the number of disagreements. 6 new 
records were selected following the update conducted in December 2021 
with the same search criteria and procedure. In total, the systematic 
review included 49 studies, including 43 cross-sectional and 6 longitu
dinal studies, conducted between 2009 and 2021. The selection process 
is illustrated in Fig. 1. 
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Table 1b 
SPiN tasks—longitudinal studies.  

Article Groups SPiN task Task type Target: 
linguistic 
level 

Target: 
vocal style 
(talker 
gender) 

Target: 
language 

Presentation Masker Spatial configurationa DV Experimental 
manipulation 

Pre/post training 
improvement 

Studies on middle-aged adults 
Hennessy 

et al. 
(2021) 

M VS. NM BKB-SIN Oral REP S SPO (male) British 
English 

L 4-TM COL SRT SNR: 21, 18, 15, 12, 9, 
6, 3, 0, − 3, − 6 dB 

None (No Group ×
Time interaction) 

Studies on older adults 
Dubinsky 

et al. 
(2019) 

M VS. NM QuickSIN Oral REP S SPO 
(female) 

American 
English 

H 4-TM COL SNR 
loss 

SNR: 25 dB–0 dB with 
5 dB steps 

Improvement for the 
musical training 
group only 

Fleming et al. 
(2019) 

M VS. NM 
(video game 
players) VS. 
NM (No 
contact 
group) 

Other S-picture 
matching 

S SPO (male) French 
(Québec) 

IE Multi-TM COL % 
correct 

SNR: 5 dB, 20 dB; 
No noise condition 

None (No Group ×
Time interaction) 

Merten et al. 
(2021) 

M VS. NM Other Oral REP W SPO 
(female) 

North 
American 
English 

– 1-TM (S; 
male 
talker) 

COL to better ear (monaural 
presentation) 

% 
correct 

SNR: fixed at +8 dB. Less decline over time 
in M vs. NM 

Worschech 
(2021) 

M VS. NM International 
Matrix Test 

Oral REP S SPO (Fr: 
one 
female; Ge: 
one male) 

French/ 
German 

H EM 
(speech- 
shaped 
noise) 

COL in left ear only 
(monaural presentation), 
COL in the right ear only 
(monaural presentation), 
COL in both ears (binaural 
presentation) 

SRT SNR: adaptive 
procedure; 
Spatial configuration: 
COL stimuli in the right 
ear only, the left ear 
only, in both ears 

Greater improvement 
in M vs. NM for the 
monaural (left ear) 
condition only 

Zendel 
(2019) 

M VS. NM 
(video game 
players) VS. 
NM (No 
contact 
group) 

Other Oral REP Words SPO (male) - IE 4-TM COL % 
correct 

SNR: 0 dB, 15 dB; 
No-noise condition 

M improved over 
time in the 0 dB 
condition (Group X 
Time × Condition 
interaction) 

Note. CI = cochlear implant; COL = collocated; DV = dependent variable; EM = noise masker; F0 = fundamental frequency; H = headphones; IDE = identification (multiple choice); IE = insert earphones; L = loudspeaker; 
M = musicians; NM = non-musicians; NW = non-words; REP = repetition; RT = reaction time; S = sentences; SNR = signal-to-noise ratio; SRT = speech reception threshold (SNR threshold with 50% correct answer); SS =
spatially separated; SPO = spoken; SYL = syllables; TM = talker masker; VTL = vocal tract length; W = words; WHI = whispered. 
bM > NM: conditions with an M advantage. 
c∅: condition without an M advantage. 

a Spatial configuration = target-masker localization, in ◦ azimuth or ITD (interaural difference). 
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for each group on the SPiN task(s). The authors of the remaining 32 
studies were contacted. The descriptive data were obtained for 24 
additional articles. A total of 38 articles were included in the quantita
tive analyses based on our selection criteria. 

3.1.1. Study quality 
Most studies were cross-sectional (N = 43) and only 6 reported an 

intervention (longitudinal). The mean summary score for study quality 
was 0.58 ± 0.09, corresponding to an adequate quality score (0.5-0.7). 

Specifically, 39 studies exhibited an adequate quality score (0.5-0.7), 7 
studies exhibited a limited (<0.5) quality score, 3 studies exhibited a 
good quality score (0.71-0.79), and 1 study exhibited a strong (>0.8) 
quality score. The detailed results are presented in supplementary ma
terial 1, Table 1b. The single measure ICC between both judges was high 
(0.980, with a 95% confidence interval from 0.965 to 0.989, F (48, 48) =

100.498, p < .001). 
The most frequent issues were the following. Few studies specified 

the age group of interest (Qual Sys tool question 1). Most studies were 
not randomized, even the longitudinal (training) studies (Qual Sys tool 
question 2). The sample size for the groups in most studies was small, 
with 20 or fewer participants, and not justified using power calculation 
(Qual Sys tool question 9). Regarding the recruitment of participants, 
the selection criteria were generally detailed but the recruitment set
tings (e.g., place of recruitment such as a university or a music school or 
the general community), and especially the recruitment methods (e.g., 
emails, flyers) were lacking in most studies (Qual Sys tool question 3). 
While participants demographic information was generally reported, 8 
of the studies included in the review did not provide any information 
about the musicians’ musical practices, such as a mean number of years 
of practice and/or a mean age of onset. Musicians were generally 
matched on age with the control group, but were matched on hearing in 
only 14 studies, introducing potentially important confounds (Qual Sys 
tool question 12). The statistical analyses were in general well described 
and appropriate (Qual Sys tool question 10). The reporting of results 
was, however, less strong (Qual Sys tool question 13), due to several 
articles reporting the descriptive data of SPiN performances either 
graphically only (19 studies) or not at all (9 studies). 

3.1.2. Focus(es) of the selected studies 
In 46/49 of the articles, one of the main goals was to explore the 

effect of musical training on SPiN tasks. In 3/43 cross-sectional studies, 
performance in the SPiN tasks was used as a predictor or comparator and 
was not the focus of the analyses. 35/43 cross-sectional studies reported 
the performance of musicians and non-musicians, and 5/49 studies 
consisted of correlation/regression studies. Among the longitudinal 
studies, 5/6 were experimental (i.e., studies with pre-post designs, with 
or without randomization) and one was a cohort study. 

3.1.3. Participant description 
Across all studies, there were 5434 participants in total (57% fe

male). The language of the participants was specified in 30 studies. The 
majority (15) of the studies involved North American English speakers. 
The other languages that were reported are British English (1 study), 
Australian English (2 studies), French from Québec (3 studies), French 
from Switzerland (1 study), Dutch (3 studies), Kannada (1 study), Bra
zilian Portuguese (1 study), Danish (1 study), Chinese (1 study) and 
Hebrew (1 study). 

Among cross-sectional studies, 34 focused on young adults (18–40 
years old), 2 on middle-aged adults (45–65 years) and 2 on older adults 
(≥60 years old). 4 studies employed groups with a broad age range 
(18–91, 30–60, 22–59, 20–87 years old) and one study recruited both 
younger adults and older adults. Among the longitudinal studies, 5 
focused on older adults (≥60 years old) and one study on middle-aged 
adults (50–65 years old). 

Table 2 
Tasks and descriptive data used in the “speech in noise masker” meta-analysis.  

Article Tasks Score Musicians 
M (SD) 

Non- 
Musicians 
M (SD) 

Anaya et al. 
(2016) 

HINT at − 3 dB % correct 50.74 
(8.59) 

47.22 
(8.11) 

Boebinger et al. 
(2015) 

Sentences in steady 
speech shaped 
noise 

SRT − 3 (1.00) − 2.7 (0.90) 

Coffey et al. 
(2019) 

modified HINT % correct − 0.66 
(0.06) 

− 0.58 
(0.08) 

Deroche et al. 
(2017) 
(exp.1) 

Sentences in 
buzz—mean score 
for buzz and diotic 
conditions 

SRT − 8.67 
(0.50) 

− 7.96 
(1.44) 

Deroche et al. 
(2017) 
(exp.4) 

Sentences in 
buzz—mean score 
fur buzz and fixed 
masker F0 
conditions 

SRT − 8.95 
(1.57) 

− 7.52 
(1.70) 

Du and Zatorre 
(2017) 

Syllables in white 
noise—mean score 
of SNR conditions 
(− 8 dB, − 4 dB, 0 
dB, 8 dB) 

% correct 76.73 
(3.57) 

69 (6.03) 

Escobar et al., 
2019 

HINT SRT − 0.57 
(0.95) 

− 0.69 
(0.93) 

Fostick (2019) AB word test: 
words in speech 
shaped noise 

% correct 72 (15) 55 (15) 

Fuller et al. 
(2014) 

Sentences in steady 
speech shaped 
noise 

SRT − 6.25 
(1.20) 

− 5.77 
(1.38) 

Madsen et al. 
(2017) 

Sentences in 
Gaussian noise 

% correct 73.53 
(9.59) 

72.91 
(6.84) 

Madsen et al. 
(2019) 

Sentences in 
Gaussian noise 
(anechoic 
condition) 

SRT − 0.52 
(1.02) 

− 0.58 
(0.82) 

Mussoi (2021) HINT SRT 0.13 (2.81) − 1.18 
(1.64) 

Parbery-Clark 
et al., 2011b 

HINT SRT − 3.37 
(0.52) 

− 2.24 
(0.87) 

Parbery-Clark 
et al., 2012b 

HINT SRT − 3.16 
(0.61) 

− 2.34 
(0.63) 

Puschmann 
et al. (2019) 

HINT SRT − 3.02 
(1.06) 

− 2.24 
(0.95) 

Ruggles et al. 
(2014) 

HINT SRT − 2.34 
(0.59) 

− 2.21 
(0.58) 

Varnet et al. 
(2015) 

Syllables in white 
noise 

Mean SNR 
threshold 

− 13.37 
(1.19) 

− 11.91 
(1.01) 

Worschech 
et al., 2021 

International 
Matrix Test 

SRT − 6.61 
(2.21) 

− 6.90 
(2.21) 

Yoo & 
Bidelman, 
2019 

HINT SRT − 6.5 
(2.00) 

− 6.13 
(2.07) 

Zhang et al. 
(2021) (older 
adults) 

Sentences in 
sentences 

SRT − 2.95 
(0.94) 

− 2.07 
(1.17) 

Zhang et al. 
(2021) 
(young 
adults) 

Sentences in 
sentences 

SRT − 3.34 
(0.91) 

− 3.24 
(0.60) 

Note. M = mean, SD = standard deviation, SRT = speech reception threshold, F0 
= fundamental frequency. 

Table 3 
Moderator analysis for the “speech in noise masker” condition.  

Moderator ß ß’s β′s CI95% SE Q’s I2 (%) 

p-value LL UL p-value 

Mean age 0.01 0.84 − 0.01 0.01 0.01 0.00 71.93 
Study quality − 1.51 0.38 − 4.89 1.87 1.72 0.00 72.27 

Note. ß = regression coefficient, CI95% = 95% confidence interval, LL = lower 
limit of the CI95%, UL = upper limit of the CI95%, SE = standard error, I2 = re
sidual heterogeneity. 
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Information on the participants’ education was inconsistently 
available in 23 studies, with musicians and non-musicians being 
matched on education in only 10/23 studies. Furthermore, the available 
information revealed that in most studies, a majority of highly educated 
participants (college students) were recruited. 

The pure tone thresholds of participants were measured in most 
studies (46/49). All but 8 studies specified a pure tone threshold level 
below which participants hearing fell; this threshold ranged from 15 to 
50 dB HL. Only 13/49 studies reported the actual hearing thresholds for 
each group. In 16/49 studies, it was reported that M and NM were 
matched on hearing; in the other studies, the groups were not matched. 

The cognitive functioning of participants was verified in only 25/49 
studies; and matched on at least one measure in 20/49. The scores at the 
Montreal Cognitive Assessment were measured in 3 studies; participants 
were matched in two studies. Specific executive functions (working 
memory, attention, speed of processing) were measured in 9 other 
studies, with participants being matched in 6/9 studies. In two other 
studies, the cognitive scores were used as a factor in linear regression 
analyses. Participants’ IQ was measured in 13 studies; participants were 
matched across groups in 12 of those studies. A significant difference in 
IQ was found in one study, which was then controlled for in the analyses. 
Finally, the Cognitive Telephone Screening Instrument and the Mini 
Mental State Examination were measured in one study each. Participant 
information is detailed in Supplementary material 2. 

3.1.4. Musicianship 
Among the cross-sectional studies, two studies involved a single 

group of participants, with musicianship measured in terms of the 
number of years of musical training (continuous quantitative variable). 
For the other 41 cross-sectional studies, the musicianship factor was 
defined by specific inclusion criteria to differentiate a group of musi
cians (M) from a group of non-musicians (NM). Across all cross-sectional 
studies, there were 1149 M and 1041 NM. Among the longitudinal 

studies, there were 152 M and 176 NM across all experimental studies 
and 630 M and 2308 NM in the only cohort study. In the experimental 
studies, 23 NM were enrolled in a music-listening group, 82 in a musical 
culture group, 16 in a non-musical activity group and 55 were enrolled 
in a no-activity group. For the 2308 NM in the cohort study, there was 
unspecific information characterizing their inclusion in the NM group. 
The average number of participants per cross-sectional study was rela
tively small with 21.22 participants (SD = 11.13; range: 10–74) in the M 
group and 21.69 (SD = 13.22; range: 4–89) in the NM groups. The 
average number of participants in the longitudinal experimental studies 
was slightly higher, with 30.40 participants (SD = 25.85; range: 13–74) 
in the M group and 25.14 (SD = 26.25; range: 8–82) in the NM groups. 

The inclusion criteria reported for the musician groups in the cross- 
sectional studies were either a maximum onset age for musical practice 
(26 studies, range: 7–16 years old), a minimum number of years of 
practice (29 studies, range: 2–10) and a minimum weekly practice (10 
studies), either in terms of the number of practice sessions per week (3x/ 
week) or in terms of the number of hours of practice per week (range: 
5–15 h/week). In 17 studies, both onset age and minimum number of 
years of practice were used as inclusion criteria. In 3 studies, a maximum 
onset age and a minimal amount of training per week were used as in
clusion criteria. In 2 studies, a minimum number of years of practice and 
a minimal amount of training per week were used as inclusion criteria. 
Finally, only 3 studies combined all three inclusion criteria (i.e., age of 
onset, number of sessions per week and session duration). 

Among the cross-sectional studies that provided information about 
the participants’ type of musical activities (32/43), 12 involved in
strumentalists (any instrument) and 17 involved both instrumentalists 
(any instrument) and vocalists. In four studies, the M group was ho
mogeneous: there was one study on choir singers, one study on singers 
and percussionists, one study on keyboard players (piano or organ), one 
study on percussionists and one study involving a group of pianists, one 
group of percussionists, one group of vocalists and one group of string 

Fig. 1. PRISMA figure.  
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players. Four studies focused on amateur musicians, 6 on professionals 
and 8 on both (participants enrolled in a university music program were 
considered as professionals). Most studies did not provide this infor
mation (30/43). The average number of musical training years was 
available for the musician group in 29 studies, with an average number 
of 15.20 ± 2.62 years of musical training for younger adults, 49.68 ±
0.45 years for middle-aged adults, 27.75 ± 17.70 for one study on older 
adults and 39.7 ± 12.03 years for one study with a broad age group. The 
age of onset of musical training was available in 28/43 studies with an 
average starting age of 6.26 ± 1.23 years old for young adults, 6.06 ±
0.65 years old for middle-aged adults, 7.86 ± 3.74 for one study on older 
adults and 7.2 ± 1.9 years old for one study with a broad age group. The 
average hours of weekly practice for the musician group were available 
in only 4 studies: 19.85 ± 5.01 h for studies on young adults, 11.47 ±
2.98 for older adults and 24.65 ± 7.12 h for one study on a broad age 
group. 

All longitudinal experimental studies compared a musical training 
against another kind of training, a do-nothing control group or both. The 
training lasted from 10 weeks to 6 months, with a total weekly training 
duration of 2.5 h up to 4.25 h. 

3.1.5. SPiN tasks 
70 SPiN tasks (Tables 1a and 1b) were used across the 49 studies; the 

QuickSIN (17 studies) (Killion et al., 2004), the Hearing in Noise Test 
(HINT, 11 studies) (Nilsson et al., 1994), a modified (computerized) 
version of the HINT (2 studies) (Coffey et al., 2017), the Listening in 
spatialized noise sentence test (LiSN–S T, 3 studies) (Cameron and Dil
lon, 2007), the PRESTO (1 study) (Gilbert et al., 2013), the 
Words-in-noise test (WIN, 3 studies) (Wilson, 2003; Wilson et al., 2007), 
the Revised Speech-in-noise (R–SPIN, 3 studies) and the AB-word test 
(Hebrew version, n = 1) (Boothroyd, 1968; Fostick et al., 2014), the 
BKB-SIN, the International Matrix Test and 29 experimental tasks. 

3.1.5.1. Targets: characteristics and experimental manipulations. Senten
ces were the most common targets in the selected studies, being used in 
58/70 tasks. Words were used in 9/70 tasks, non-words in 1/70 tasks 
and syllables in 2/70 tasks. Targets were acoustically modified in 9/70 
experimental tasks (5 studies), including variation of the fundamental 
frequency (F0), whispered speech, monotone speech, CI-simulated 
speech and vocoded speech. 

3.1.5.2. Maskers: characteristics and manipulations. The most frequent 
masker type was speech, which was used in 49/70 tasks (43 studies): 
four-talker babble was the most represented speech masker (24 tasks), 
followed by one-talker babble (12 tasks), two-talker babble (10 tasks), 
six-talker babble (3 tasks), twelve-talker babble (3 tasks), eight-talker 
babble (1 task), multi-talker babbles not otherwise specified (1 task), 
and time-reversed speech (1 task). 

Noise maskers were used in 28/70 tasks (24 studies). Speech shaped 
noises were the most frequent (21 tasks) and the other noise maskers 
found were white noise (1 task), buzzes (4 tasks), Gaussian noise (1 task) 
and time-reversed speech (1 task). 

The masker’s properties were modified in 12/70 experimental tasks. 
Of these, 9/12 tasks used both speech and non-speech maskers. In 2/12 
tasks the speech masker’s amount of informational content was varied 
by increasing the number of talkers or by playing the one-talker babble 
in reverse. In 2/12 tasks, the vocal properties of the masker’s talker were 
modified by varying the fundamental frequency (F0) of the talker(s) (1 
task) or by varying both the F0 and the vocal tract length (VTL) of the 
talker (1 task). In 1/12 task, the masking power of the non-speech 
masker was varied by using a continuous and a gated noise. 

3.1.5.3. Stimuli presentation. The most common task presentation was 
via headphones (33/70 tasks). Loudspeakers were used in 16/70 tasks 
and insert earphones in 16/70 tasks. The presentation was not specified 

for 4 tasks. 

3.1.5.4. SNR manipulation. A SNR manipulation was present in 59/70 
tasks. In 32 tasks, the SNR was varied along predefined SNR levels and in 
28 tasks, the SNR varied in an adaptive procedure, according to the 
participants’ performance. In 10 tasks, the stimuli were presented at a 
single SNR level. 

3.1.5.5. Spatial separation between stimuli. A spatial separation between 
targets and maskers (◦ azimuth) was present in only 9/70 tasks. Of these, 
there were 5 bilateral masker presentations (±90◦, ±15◦ azimuth), 3 
unilateral masker presentations (+90◦, − 90◦, ITD of 2 ms, ITD of − 2 ms) 
and one presentation via a circular array of loudspeakers with azimuths 
between 20◦ and 180◦. 

3.1.6. SPiN performance (Table 1a) 

3.1.6.1. Speech in noise masker. 20 cross-sectional studies comprising 
26 tasks included a speech in a noise masker condition. In the 16 studies 
involving young adults, M outperformed NM in 10/21 tasks (10/16 
studies). In the 2 studies involving middle-aged adults, M outperformed 
NM in 2/2 tasks. In the one study involving older adults, M out
performed NM in 1/1 task. Finally, in the one study on young and older 
adults, M outperformed NM only in the older adult group (1 task). 
Overall, M outperformed NM in 14/20 studies (14/26 tasks). 

One longitudinal study conducted on older adults (1 task) included a 
speech in a non-speech masker condition. This study found a greater 
improvement in M as compared to NM. 

Meta-analysis: There were 21 data sets (19 studies) in this meta- 
analysis (Table 2). Note that the study of Deroche et al. (2017) re
ported the outcome for two different (independent) sets of participants, 
labelled as “exp.1” and “exp.4” and that in the study of Zhang et al. 
(2021), both young and older participants were recruited. As shown in 
Fig. 2, musicianship had a moderate but significant effect on SPiN 
perception (Hedge’s g = .52; p < .0001). The confidence interval was 
narrow and did not include 0. The between-study heterogeneity across 
studies was moderate (Q’s p-value = <.0001; I 2 = 71.40%). 
Cross-validation indicated that the effect of musicianship was significant 
in each iteration of the analysis (all p < .0002; Hedge’s g between 0.47 
and 0.56). The moderator analysis indicated that the effect of both mean 
age and study quality were nonsignificant (all p > .38; see Table 3). 

3.1.6.2. Speech in one-talker masker. There were 7 cross-sectional 
studies comprising 7 experimental tasks in this analysis. Of those, 6 
focused on younger adults and 1 involved a broad age group. In the 
broad age group (1 task), no musician advantage was found. In the 
younger adult group, M outperformed NM in only 1/6 studies (1 task). 
Overall, M outperformed NM in only 1/7 studies (1/7 task). One lon
gitudinal study on older adults (1 task) included a speech in one-talker 
masker condition. In this study, M showed less decline over time as 
compared to NM. 

Meta-analysis: There were 7 studies in this analysis (Table 4). As 
shown in Fig. 3, the effect of musicianship was small and not significant 
(Hedge’s g = 0.08; p = .799; Q’s p-value = .004; I2=83.99%). Cross- 
validation indicated that the effect of musicianship remained nonsig
nificant in each iteration of the analysis (all p > .116; Hedge’s g between 
− 0.09 and 0.09). The moderator analysis indicated that the effect of 
both mean age and study quality were nonsignificant (all p > .26) 
(Table 5). 

3.1.6.3. Speech in two-talker masker. There were 6 cross-sectional 
studies comprising 10 experimental tasks in this analysis, including 
five studies on younger adults and one study on both young and older 
adults. M outperformed NM in 3 studies on young adults (4 tasks) and 
only older M outperformed older NM in the study on young and older 
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adult. Overall, M outperformed NM in 5/10 tasks. None of the longitu
dinal studies measured speech perception in a two-talker masker 
condition. 

Meta-analysis: There were 7 data sets (5 studies) in this meta-analysis 
(Table 6). Note that the study of Deroche et al. (2017) reported the 
outcome for two different (independent) sets of participants, labelled as 
“exp.1” and “exp.4” and that in the study of Zhang et al. (2021), both 
young and older participants were recruited. As shown in Fig. 4, the 
effect of musicianship on this analysis was moderate and significant 
(Hedge’g = .63; p = .0009). The confidence interval was broad but did 
not include 0. Between study heterogeneity was significant and mod
erate (Q’s p-value = .01; I 2 = 61.49%). Cross-validation indicated that 
the effect of musicianship was significant in every iteration (Hedge’s g 
between .50 and .76; all p < .008). The moderating effect of mean age 
and study quality were not significant (all p > .058) (Table 7). 

3.1.6.4. Speech in four-talker masker. There were 19 tasks in this anal
ysis from 16 cross-sectional studies; 13 studies on younger adults (15 
tasks), 1 study on middle-aged adults (2 tasks), 1 study on older adults (1 
task) and 1 study on a broad age group (1 task). In the studies on older 
adults and the broad age group, M did not outperform NM. In studies on 
younger adults, M outperformed NM in 8/15 tasks (8 studies). Overall, 
M outperformed NM in 8/16 studies (8/20 tasks). Three longitudinal 
studies (3 tasks) on older adults were included in this analysis and 2/3 
found an improvement in the musical training group only. 

Meta-analysis: There were 16 data sets (16 studies) in this meta- 

analysis (Table 8). As shown in Fig. 5, the effect of musicianship was 
moderate and significant (Hedge’s g = 0.53; p =<.0001). The confidence 
interval was broad but did not include 0. Between study heterogeneity 
was significant (Q’s p-value = .02; I 2= 57.30%). Cross-validation indi
cated that that the effect of musicianship was significant in each itera
tion (Hedge’s g between .43 and .57; all p < .0001). Moderator analysis 
indicated that the effect of mean age and study quality were nonsig
nificant (all p > .79) (Table 9). 

3.1.6.5. Speech in a spatially separated masker. There were 8 cross- 
sectional studies in this analysis comprising 10 tasks, 6 studies on 
younger adults (7 tasks), 1 study on both young and older adults and 1 
study on a sample with a broad age range (1 task). In the study with the 
broad age sample, M did not outperform NM. M outperformed NM in the 
study on older adults. For the younger adults, M outperformed NM in 4/ 
7 tasks (5 studies). Overall, M outperformed NM in 5/8 studies (5/10 
tasks). None of the longitudinal study measured speech perception in 
spatially separated noise. 

Meta-analysis: There were 7 data sets (6 studies) in this analysis 
(Table 10). Note that in the study of Zhang et al. (2021), both young and 
older participants were recruited. As seen on Fig. 6, the effect of musi
cianship was small and significant (Hedge’s g = 0.35; p = .004). The 
confidence interval did not include 0. Between study heterogeneity was 
nonsignificant (Q’s p-value = .133; I 2= 24.87%). Cross-validation 
indicated that the effect of musicianship remained significant (all 
p>.013), except when removing the data from older adults in the study 

Fig. 2. Effect sizes for the speech in noise masker condition. Each box represents the effect estimate of an individual study and its size is proportional to that study’s 
weight on the pooled result. The horizontal lines through the boxes represent the 95% confidence interval. The diamond represents the pooled result from the random 
effect meta-analysis. RE Model = Random effect model, SMD = Standardized mean difference (Hedge’s G), 95% CI = 95% confidence interval. 
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of Zhang (2021) (Hedge’s g = 0.23; p = .053). Moderator analysis indi
cated that the effect of mean age and study quality were nonsignificant 
(all p > .455) (Table 11). 

3.1.6.6. Speech in noise, SNR <0 dB. There were 6 cross-sectional 
studies comprising 6 experimental tasks in this analysis, 1 study on 
older adults and 5 studies on younger adults. Overall, M outperformed 
NM in 2 studies on younger adults (2/6 tasks). None of the longitudinal 
studies was included in this analysis. 

Meta-analysis. There were 7 data sets (7 studies) in this meta-analysis 
(Table 12). As shown in Fig. 7, the effect of musicianship was moderate 
and significant (Hedge’s g = 0.59; p = .01). The confidence interval was 
broad but did not include 0. Between study heterogeneity was moderate 
(Q’s p-value = .005; I 2 = 70.57%). Cross-validation indicated that the 

effect size remained significant in every iteration (Hedge’s g between 
0.46 and 0.69; all p < .045). Moderators indicated that the effect of 
mean age and study quality were nonsignificant (all p > .432) (see 
Table 13). 

3.1.6.7. Speech in noise, SNR = 0 dB. There were 5 cross-sectional 
studies comprising 5 tasks in this condition, 4 studies on younger 
adults and 1 study on older adults. M outperformed NM in 2/4 tasks in 
2/4 studies on younger adults. M outperformed NM in 1/1 tasks (1 
study) on older adults. Overall, M outperformed NM in 3/5 studies (3/5 
tasks). One longitudinal study (1 task) conducted with older adults was 
included in this analysis, where only the M group improved over time. 

Meta-analysis: There were 7 studies in this analysis (Table 14). As 
shown in Fig. 8, the effect of musicianship was moderate but significant 
(Hedge’s g = 0.61; p < .0001). The confidence interval was narrow and 
did not include 0. Between study heterogeneity was nonsignificant (Q’s 
p-value = .315; I 2= 0.00%). Cross-validation indicated that the effect 
was significant in each iteration of the analysis (Hedge’s g between 0.50 
and 0.73; all p < .0008). Moderator analysis indicated that the effect of 
mean age and study quality was nonsignificant (all p > .103) (Table 15). 

3.1.6.8. Speech in noise, SNR> 0 dB. There were 3 cross-sectional 
studies comprising 3 experimental tasks in this analysis, all focusing 
on younger adults. M outperformed NM in 2/3 tasks, namely one task of 
syllables in white noise and one task of words in speech-shaped noise. 
Three longitudinal studies (3 tasks) in older adults were included in this 
analysis. 1/3 reported a benefit of musical practice, with less decline 
over time in M as compared to NM. 

Meta-analysis: There were 5 studies in this meta-analysis (Table 16). 
As seen in Fig. 9, the effect of musicianship was not significant (Hedge’s 

Table 4 
Tasks and descriptive data used in the “speech in one-talker masker” meta- 
analysis.  

Article Task Score Musicians 
M (SD) 

Non- 
Musicians 
M (SD) 

Baskent and 
Gaudrain 
(2016) 

Sentences in 
sentences—composite 
score of all F0 and VTL 
modification 

% 
correct 

0.81 (0.05) 0.70 (0.12) 

Boebinger 
et al. 
(2015) 

Sentences in clear speech SRT − 11.9 
(2.40) 

− 11.5 
(3.20) 

Clayton et al. 
(2016) 

Sentences in sentences SRT 3.8(2.24) 4.4 (2.05) 

Madsen et al. 
(2019) 

Sentences in sentences SRT 2.03 (1.49) 2.22 (1.08) 

Mandikal 
Vasuki 
et al. 
(2016) 

LiSN–S test: natural 
speech (talker1) in 
natural speech (talker 2) 

SRT − 7.8 
(3.50) 

− 7.9 
(3.10) 

Mankel and 
Bidelman 
(2018) 

LiSN–S test: natural 
speech (talker1) in 
natural speech (talker 2) 

SRT 11.9 (3.47) 11.64 
(2.81) 

Puschmann 
et al. 
(2019) 

Sentences in sentences SRT 6.77 (0.95) 4.96 (1.25) 

Note. M = mean; SD = standard deviation, SRT = speech reception threshold, F0 
= fundamental frequency, VTL = vocal tract length. 

Fig. 3. Effect sizes for the speech in one-talker masker condition. Each box represents the effect estimate of an individual study and its size is proportional to that 
study’s weight on the pooled result. The horizontal lines through the boxes represent the 95% confidence interval. The diamond represents the pooled result from the 
random effect meta-analysis. RE Model = Random effect model, SMD = Standardized mean difference (Hedge’s G), 95% CI = 95% confidence interval. 

Table 5 
Moderator analysis for the “speech in one-talker masker” condition.  

Moderator ß ß’s β′s CI95% SE Q’s I2 (%) 

p-value LL UL p-value 

Mean age 0.00 0.93 − 0.09 0.10 0.05 0.00 89.74 
Study quality 4.82 0.26 − 3.64 13.29 4.32 0.00 81.78 

Note. ß = regression coefficients, CI95% = 95% confidence interval, LL = lower 
limit of the CI95%, UL = upper limit of the CI95%, SE = standard error, I2 = re
sidual heterogeneity. 
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g = 0.28; p = .157). The confidence interval included 0. Between study 
heterogeneity was low (Q’s p-value = .215; I 2= 47.40%). Cross- 
validation indicated that the effect of musicianship was nonsignificant 
in every iteration (all p > .162). Moderator analysis indicated that the 
effect of mean age and study quality were nonsignificant (all p > .50) 
(Table 17). 

A summary of all analyses is presented in Table 18. 

4. Discussion 

The present study is the first systematic review and meta-analysis on 
the effect of musicianship on SPiN performance, extending the results of 
a detailed narrative review of 29 articles (Coffey et al., 2017). Our 
systematic review of 49 studies documents the state of knowledge on 
this topic, describing the participants and experimental approaches that 

have been used, evaluating their methodological quality and examining 
their results. With the meta-analyses (38 studies), we quantitatively 
assessed the effect of musicianship on SPiN in different experimental 
conditions, namely speech in noise masker, speech in different speech 
maskers, speech in a spatially separated masker and speech in noise at 
different SNR levels. We hypothesized that there would be a musician 
advantage in both noise and speech maskers, and that this advantage 
would increase with increasing task difficulty. Furthermore, we ex
pected to observe a greater musician advantage in older adult musicians, 
especially in speech maskers. Our results show that musicianship was 
associated with better SPiN performance in both noise and speech 
masker conditions, as well as in SNR <0 dB and SNR = 0 dB conditions. 
However, since very few studies included participants aged ≥55 years, it 
was not possible to assess the effect of musicianship in an aging popu
lation. Overall, our results argue in favour of a musicianship effect on 
SPiN perception, consistent with the qualitative assessment conducted 
by Coffey et al. (2017). 

4.1. Speech in noise and in speech maskers 

Our main hypothesis was that there would be a musician advantage 
in both noise and speech maskers and that the effect would be stronger 
with two-talker maskers. The meta-analyses for noise maskers revealed a 
moderate effect size of .52. The meta-analyses for speech in different 
speech maskers revealed the largest effect size in the two-talker condi
tion, with a moderate though larger effect of 0.63 (with one of the 
largest confidence intervals), followed by a moderate effect in the four- 
talker condition (0.53) and a small non-significant effect in the 1-talker 
condition (0.08). These observations suggest that musicianship impacts 
both noise and speech masking conditions with an impact of the number 
of talkers in the masker. Speech maskers display both noise and infor
mational properties and their masking power varies according to the 

Table 6 
Tasks and descriptive data used in the “speech in two-talker masker” analysis.  

Article Task Score Musicians 
M (SD) 

Non- 
Musicians 
M (SD) 

Deroche et al. 
(2017) 

Exp.1: sentences in 
sentences—mean 
score for diotic 
presentation 

SRT − 2.76 
(1.14) 

− 1.81 
(1.20) 

Deroche et al. 
(2017) 

Exp.4: sentences in 
sentences—mean 
score for fixed masker 
presentation 

SRT − 2.26 
(1.06) 

0.02 
(1.79) 

Kaplan et al. 
(2021) 

Sentences in 
sentences—mean 
score of SNR 
conditions (− 9 dB, − 7 
dB, − 5 dB, − 3 dB) 

% correct 64.86 
(11.57) 

55.26 
(15.53) 

Madsen et al. 
(2019) 

Sentences in sentences SRT 2.41 
(0.94) 

2.83 
(1.27) 

Morse-Fortier 
et al. (2017) 

CVC words in 
nonsense sentences 

SNR 
threshold 

− 7.75 
(5.19) 

− 4.56 
(3.04) 

Zhang et al. 
(2021) (older 
adults) 

Sentences in sentences SRT − 1.78 
(1.65) 

− 0.31 
(1.83) 

Zhang et al. 
(2021) 
(young 
adults) 

Sentences in sentences SRT − 3.24 
(1.45) 

− 3.51 
(1.72) 

Note. M = mean, SD = standard deviation, SRT = speech reception threshold, 
CVC = consonant-vowel-consonant. 

Fig. 4. Effect sizes for the speech in two-talker masker condition. Each box represents the effect estimate of an individual study and its size is proportional to that 
study’s weight on the pooled result. The horizontal lines through the boxes represent the 95% confidence interval. The diamond represents the pooled result from the 
random effect meta-analysis. RE Model = Random effect model, SMD = Standardized mean difference (Hedge’s G), 95% CI = 95% confidence interval. 

Table 7 
Moderator analysis for the “speech in two-talker masker” condition.  

Moderator ß ß’s β′s CI95% SE Q’s I2 (%) 

p-value LL UL p-value 

Mean age 0.01 0.62 − 0.02 0.03 0.01 0.01 64.23 
Study quality − 2.77 0.06 − 5.63 0.09 1.46 0.05 42.30 

Note. ß = regression coefficients, CI95% = 95% confidence interval, LL = lower 
limit of the CI95%, UL = upper limit of the CI95%, SE = standard error, I2 = re
sidual heterogeneity. 
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characteristics and the number of talkers in the masker (Hoen et al., 
2007; Rosen et al., 2013; Helfer and Freyman, 2014). Perceiving speech 
in a one-talker masker has been shown to be less challenging than in 
maskers with additional talkers (Rosen et al., 2013). Despite the infor
mational load present in a one-talker masker, its lower masking power 
could be explained by the energy modulation present in the speech of a 
single talker, allowing more access to the target speech due to glimpses, 
defined as “spectrotemporal regions where the energy of the target 
speech exceeds that of the masker by at least 3 dB” (Cooke, 2006). The 
addition of a second talker in the masker reduces glimpsing opportu
nities while raising its informational load (as well as, presumably, its 
energetic masking too), leading to a dramatic decrease in SPiN perfor
mance (Tun and Wingfield, 1999; Rosen et al., 2013). However, 
increasing further the number of talkers in the masker to ≥4 has been 
shown to gradually improves SPiN performance by decreasing the 
informational masking power, due to a reduced capacity for the listener 
to decipher the content of the multiple simultaneous talkers (Hoen et al., 
2007). 

To summarize, our results show that the most challenging condition 
in terms of informational masking—the two-talker masker—is associ
ated with the strongest musicianship SPiN advantage, with a significant 
but slightly lower advantage in the four-talker maskers and in the noise 
masker conditions, and not associated with performance on the less 
challenging condition, the one-talker masker. These findings show that 
musicianship is associated with resilience to both noise and speech 
maskers, which may prove helpful in many daily situations, where both 

types of maskers are present. 

4.2. Speech in spatially separated masker 

We hypothesized to find a lesser musician advantage in the spatially 
separated conditions compared to the collocated conditions. Consistent 
with this hypothesis, the results of the meta-analysis showed that the 
effect of musicianship for speech in spatially separated masker was 
lesser than in collocated noise, two- and four-talker maskers. 

Previous studies on non-musicians have shown that spatially sepa
rating the target speech from the masker facilitates SPiN perception, a 
phenomenon referred to as “spatial release from masking” (SRM) (for a 
review, see Wang and Xu (2021)). Spatially separating stimuli improves 
perception by allowing binaural processes of interaural time and level 
differences (Glyde et al., 2011; Yost, 2017). SRM has been shown to be 
lesser in noise maskers than in speech maskers (Jones and Freyman, 
2012). In speech maskers, SRM is inversely proportional to the number 
of talkers (Freyman et al., 2004; Helfer and Freyman, 2014). The result 
of our meta-analysis on speech in spatially separated speech maskers 
suggests that musicianship provides a lesser advantage for the percep
tion of spatially separated stimuli. It is conceivable that the advantages 
of musicianship are mitigated in this easier condition. 

4.3. SPiN at various SNR levels 

We hypothesized to find a greater musician advantage in the most 
challenging listening condition—the SNR <0 dB condition. The meta- 
analysis revealed a moderate effect of musicianship in the SNR <0 dB 
condition and in the 0 dB SNR condition, and no advantage in the easier 
condition SNR >0 dB, in partial support of our hypothesis. 

Lowering the SNR level raises the loudness of the background noise 
compared to the target speech, rendering it less audible. Performance in 
SPiN tasks drops with a decrease in the SNR in young adults; and the 
effect of SNR is even more detrimental in older adults, especially at SNRs 
≤0 dB (Taitelbaum-Swead and Fostick, 2016; Heidari et al., 2018). This 
suggests that the perception of musicians is more resistant to the 
disruptive effect of low SNR compared to non-musicians, that is when 
the masker is louder (SNR <0 dB) or equal to the target (SNR = 0 dB) but 
not when the target is louder than the masker (SNR> 0 dB), consistent 
with prior experimental work (Fuller et al., 2014; Parbery-Clark et al., 
2009; Parbery-Clark et al., 2009; Zendel et al., 2015). Interestingly, 
Parbery-Clark and colleagues showed that musical experience resulted 
in more robust subcortical representation of speech in the presence of 
noise while electrophysiological responses in quiet were similar in mu
sicians and non-musicians, which could contribute to the musician 
advantage for SPiN at low SNR (Parbery-Clark et al., 2009). 

A question one might ask is whether this pattern of advantage has an 
impact on real-life situations. Studies reporting real life SNRs calculated 
from recordings made from a listener’s position have shown that SNRs 
≤0 dB are scarce in real life situations (Smeds et al., 2015; Wu et al., 
2018; Brungart et al., 2020). However, SNRs calculated from real life 
situations may be overestimated, and corresponding experimental SNRs 
would be lower (possibly negative), especially for bars and restaurants 
(Brungart et al., 2020). Additional data is needed to determine whether 
experimental SPiN tasks mimic real life SPiN situations, and to under
stand the extent to which a musician advantage may facilitate commu
nication in day-to-day situations. 

4.4. Effect of age 

We hypothesized that there would be a greater effect of musicianship 
with advancing age, especially in speech maskers, due to a potential 
cognitive reserve resulting from years of musical training, which would 
mitigate the normal age-related decline of speech perception. There has 
been much interest in music training for older adults, and music edu
cation more generally, from a rehabilitation perspective (e.g., Alain 

Table 8 
Tasks and descriptive data used in the “speech in 4-talker masker” meta-analysis.  

Article Task Score Musicians 
M (SD) 

Non- 
Musicians 
M (SD) 

Bidelman and 
Yoo (2020) 

QuickSIN SNR loss − 1 (1.29) − 0.21 
(1.14) 

Dubinsky et al. 
(2019) 

QuickSIN SNR loss 2.24 
(2.10) 

3.40 
(2.27) 

Escobar et al., 
2019 

QuickSIN SNR loss 0.19 
(0.85) 

0.15 
(0.90) 

Hennessy et al. 
(2021) 

BKB-SIN Score 25.03 
(1.04) 

24.83 
(1.24) 

Jain and 
Nataraja 
(2019) 

QuickSIN SNR loss − 7.55 
(1.75) 

− 6.58 
(1.90) 

Mussoi (2021) QuickSIN SNR loss 0.64 
(1.20) 

1.41 
(1.32) 

Parbery-Clark 
et al., 2011b 

QuickSIN SNR loss 0.22 
(0.39) 

− 0.51 
(0.38) 

Perron et al., 
2022a 

CVC syllables in four 
talker babble 
composite score for − 3 
and +3 dB 

Sensitivity 2(0.58) 1.92 
(0.50) 

Ruggles et al. 
(2014) 

QuickSIN SNR loss 0.8(1.03) 1.19 
(0.72) 

Skoe et al. 
(2019) 

QuickSIN SNR loss 0.61 
(0.75) 

0.86 
(0.58) 

Slater et al. 
(2018) 

QuickSIN SNR loss − 1.04 
(0.70) 

− 0.36 
(1.00) 

Yoo & 
Bidelman, 
2019 

QuickSIN SNR loss − 1.56 
(1.81) 

0.7 (1.32) 

Zendel and 
Alain (2012) 

QuickSIN SNR loss 0.84 
(1.57) 

1.65 
(2.50) 

Zendel et al. 
(2015) 

Words in four talker 
babble—composite 
score for 0 and 15 dB 

% correct 91.67 
(3.34) 

88.72 
(3.42) 

Zendel et al., 
2019 

Words in four talker 
babble—composite 
score for 0 and + 15 dB 

% correct 86.69 
(7.57) 

82.12 
(6.15) 

Zhang et al. 
(2019) 

QuickSIN SNR loss 1.48 
(1.42) 

1.35 
(1.01) 

Note. M = mean, SD = standard deviation, SRT = speech reception threshold, 
CVC = consonant-vowel-consonant. 
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et al., 2014; Anderson et al., 2013; Grenier et al., 2021; Kraus and 
Anderson, 2013a; Kraus and Anderson, 2013b; Parbery-Clark et al., 
2012; Parbery-Clark et al., 2011; Perron et al., 2021; Perron et al., 2022; 
Zendel and Alain, 2012) but the level of evidence is currently too low to 
guide policies. In the present systematic review, 2/2 of the 
cross-sectional studies on middle-aged and 2/3 studies in older adults 
showed a musician advantage in noise and in speech maskers. Longi
tudinal studies conducted in older adults (4/6) also reported benefits of 
musical practice on speech perception, mostly using speech maskers. In 
the meta-analysis, no positive association between mean age and the 
effect of musicianship was observed. However, the limited number of 
datasets including middle-aged (55–65 years old, n = 2) and older adults 
(>60 years old, n = 7, accounting for an average of only 17.9% of the 
data included in the meta-analyses) does not warrant the interpretation 
of any age effect, or lack thereof, in the different experimental 
conditions. 

Difficulties perceiving speech in noisy situations appear gradually in 
adulthood, beginning to emerge in midlife, in the absence of abnormal 
audiograms (Demeester et al., 2012). These difficulties appear pre
dominantly in conditions of speech maskers, rather than in noise 

masking (for a review, see Helfer and Jesse (2021)). Echoing the liter
ature on middle-aged adults, studies comparing young and older adults 
have also shown that the effect of increasing age systematically de
creases the performance of speech perception in speech maskers as 
opposed to noise maskers for which there is little effect (Tun and 
Wingfield, 1999; Rajan and Cainer, 2008; Taitelbaum-Swead and 
Fostick, 2016; Goossens et al., 2017). It is plausible that this discrepancy 
in the age effect between noise and speech maskers could be partially 
explained by the age-related decline in cognitive faculties (Harada et al., 
2013), on which speech maskers place higher demands than noise 
maskers (Brungart, 2001; Freyman et al., 2004, 2007; Meister et al., 
2013; Fitzhugh et al., 2021). Hence, to properly assess whether musi
cianship mitigates the decline in speech perception, and whether this 
mitigation impacts the perception in noise and/or informational masker, 
additional studies on middle-aged and older adult comparing the per
formance of musicians and non-musicians in both masking conditions 
are required. 

4.5. Critical appraisal of the literature and future considerations 

The present review, through the evaluation of the methodological 
quality and the extraction of studies’ characteristics, highlights some 
important limitations of this literature. 

A first and most important limitation relates to the lack of random
ized training studies, which are key to determining whether the practice 
of musical activities can have a beneficial impact, in a causal sense, on 
speech perception in noise. Only seven training studies were included, 
and of these, the use of a randomization method was either not reported 
(n = 2) or only partially described (n = 5). As pointed out by McKay 
(2021), without proper randomization, it is impossible to control for the 
influence of innate abilities that may differentiate musicians from 

Fig. 5. Effect sizes for the speech in four-talker masker condition. Each box represents the effect estimate of an individual study and its size is proportional to that 
study’s weight on the pooled result. The horizontal lines through the boxes represent the 95% confidence interval. The diamond represents the pooled result from the 
random effect meta-analysis. RE Model = Random effect model, SMD = Standardized mean difference (Hedge’s G), 95% CI = 95% confidence interval. 

Table 9 
Moderator analysis for the “speech in four-talker masker” condition.  

Moderator ß ß’s β′s CI95% SE Q’s I2 (%) 

p-value LL UL p-value 

Mean age 0.00 0.87 − 0.01 0.02 0.01 0.01 66.51 
Study quality − 0.37 0.79 − 3.04 2.31 1.36 0.02 60.32 

Note. ß = regression coefficients, CI95% = 95% confidence interval, LL = lower 
limit of the CI95%, UL = upper limit of the CI95%, SE = standard error, I2 = re
sidual heterogeneity. 
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non-musicians, as in cross-sectional studies. High-quality randomized 
controlled studies, currently lacking in the literature, are thus needed to 
investigate a causal relationship between the practice of musical activ
ities and SPiN abilities. This suggestion was made six years ago by Coffey 
et al. (2017), and remain relevant today, as the number of such studies 
still remain low. Our results only attest to an association between 
musicianship and SPiN ability. 

A second main limitation relates to the description of participants. 
The characterization of musician participants was homogeneous in 
terms of reporting the age of onset and the years of musical practice. 

However, the frequency, intensity and lifelong duration of musical 
practice and musical training as well as the proficiency level were 
largely undocumented. Additionally, the type of music played by the 
musicians was not always reported. Hence, it is difficult to determine 
which aspect of musical practice is associated with a musicianship 
advantage and to outline a profile of successful musical practice for SPiN 
perception. From the perspective of prevention and rehabilitation, the 
lack of information on the musicians’ practice complicates the elabo
ration of guidelines and recommendations. If benefits emerge only in 
those with an intense musical practice or those that are highly trained (e. 
g., those who studied music at the conservatory or university level), or 
perhaps in those who practise certain musical activities but not others (e. 
g., instrument playing vs. singing) then SPiN benefits may be out of 
reach to large segments of the general population. It would therefore be 
helpful in further studies to provide more information about the musi
cians (e.g., the frequency and intensity of their musical practice, the 
total amount of practice over their lifespan, their ability to read music, 
their progression over time, the proficiency level). Further, this infor
mation could be integrated into statistical analyses to identify the pa
rameters that most influence SPiN performance. A recent study has done 
so and showed a benefit for those with a more frequent practice 
compared with those with less regular practice (Perron et al., 2022ab). 
Studying various types of musicians and describing these thoroughly 
will help understand the parameters that best promote plasticity, and in 
turn, SPiN enhancement. But currently, the lack of information about 
the musicians complicates interpretation of the findings and limit their 
generalizability. It could also have contributed to the high heterogeneity 
found in the results, with several studies not actually reporting benefits 
despite globally positive analyses, and with I2 values of over 60% in 4/8 
meta-analyses. The between-study heterogeneity is illustrated in 
different funnel plots, which show the presence of studies out of the 

Table 10 
Tasks and descriptive data used in the “speech in spatially separated noise” 
meta-analysis.  

Article Task Score Musicians 
M (SD) 

Non- 
Musicians 
M (SD) 

Clayton et al. 
(2016) 

Sentences in 
sentences (1-talker- 
babble), ±15◦

azimuth 

SRT − 11.7 
(5.14) 

− 6.6 
(6.34) 

Madsen et al. 
(2019) 

Sentences in 
sentences (1-talker- 
babble), ±15◦

azimuth 

SRT − 10.27 
(3.55) 

− 9.33 
(3.89) 

Meha-Bettison 
et al. (2018) 

LiSN–S test: 
sentences (talker1) 
in natural speech 
(talker 2), ±90◦

azimuth 

SRT − 18.6 
(2.6) 

− 18.1 
(2.93) 

Morse-Fortier 
et al. (2017) 

CVC words in 
sentences (2-talker 
babble), +60◦

azimuth 

SNR 
threshold 

− 25.18 
(1.65) 

− 24.56 
(1.70) 

Yeend et al. 
(2017) 

LiSN–S test: 
sentences (talker1) 
in natural speech 
(talker 2), ±90◦

azimuth 

SRT − 19.59 
(2.31) 

− 19.65 
(2.74) 

Zhang et al. 
(2021) (older 
adults) 

Sentences in 
sentences 

SRT − 7.29 
(1.55) 

− 5.99 
(1.51) 

Zhang et al. 
(2021) (young 
adults) 

Sentences in 
sentences 

SRT − 7.23 
(1.14) 

− 7.06 
(1.81) 

Note. M = mean, SD = standard deviation, SRT = speech reception threshold, 
SNR = signal-to-noise ratio, CVC = consonant-vowel-consonant. 

Fig. 6. Effect sizes for the speech in spatially separated masker condition. Each box represents the effect estimate of an individual study and its size is proportional to 
that study’s weight on the pooled result. The horizontal lines through the boxes represent the 95% confidence interval. The diamond represents the pooled result 
from the random effect meta-analysis. RE Model = Random effect model, SMD = Standardized mean difference (Hedge’s G), 95% CI = 95% confidence interval. 

Table 11 
Moderator analysis for the “speech in spatially separated noise” meta-analysis.  

Moderator ß ß’s β′s CI95% SE Q’s I2 (%) 

p-value LL UL p-value 

Mean age 0.01 0.45 − 0.01 0.02 0.01 0.13 34.40 
Study quality 0.80 0.62 − 2.32 3.91 1.59 0.10 35.43 

Note. ß = regression coefficients, CI95% = 95% confidence interval, LL = lower 
limit of the CI95%, UL = upper limit of the CI95%, SE = standard error, I2 

= re
sidual heterogeneity. 
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funnel, for instance in the funnel plot of the “speech in noise masker” 
meta-analysis (see Supplementary material 3). 

A third major limitation is that the control for hearing was uneven 
between studies. While the vast majority of studies measured pure-tone 
thresholds (~94%), with several even taking additional hearing mea
sures (i.e., otoscopy, ABR, tympanometry and distortion products), the 
issues is that musicians and non-musicians were matched on their 
hearing status in a surprisingly low number of studies (16/49). Further, 
in 36/49 studies, the specific hearing levels were not reported, that is, it 
was reported that participants had normal hearing, but the actual 
thresholds were not provided. Additionally, the definition of normal 
hearing varied from a study to the other (15–50 dB HL) and it was not 
always clear whether a given threshold for normality was tested at each 
frequency, across all frequency or across a subset of frequencies (i.e., 

pure tone average). While in studies with stricter definitions of normal 
(e.g., 15 or 20 dB HL), not directly comparing groups is less of an issue, 
in studies with more liberal definitions of normal hearing thresholds (e. 
g., 30, 35, 40, 45, 50 dB HL), significant group differences could be 
present and meaningful. The practice of a musical instrument, especially 
in a band/orchestra can cause hearing loss (Pouryaghoub et al., 2017; 
Ramrattan and Gurevich, 2020; Teie, 1998). Further, hearing is known 
to decline significantly with age in most adults, often beginning in 
middle-aged adults and becoming evident around 60 years (Gates and 

Table 12 
Tasks and descriptive data used in the “speech in noise—SNR <0 dB” meta- 
analysis.  

Article Task Score Musicians 
M (SD) 

Non- 
Musicians 
M (SD) 

Anaya et al. 
(2016) 

HINT, SNR = − 3 dB % correct 50.74 
(8.59) 

47.22 
(8.11) 

Baskent and 
Gaudrain 
(2016) 

Sentences in sentences, 
SNR = − 6 dB 

% correct 0.82 
(0.05) 

0.70 
(0.12) 

Du and 
Zatorre 
(2017) 

CV syllables in white 
noise—mean score of 
SNR conditions − 4, − 8 
and − 12 dB 

% correct 75.21 
(6.35) 

65.04 
(7.37) 

Kaplan 
et al. 
(2021) 

Sentences in 
sentences—mean score of 
SNR conditions − 9 dB, 
− 7 dB, − 5 dB and − 3 dB 

% correct 64.86 
(11.57) 

55.26 
(15.53) 

Madsen 
et al. 
(2017) 

Sentences in Gaussian 
noise, SNR = − 3 dB 

SRT 73.53 
(9.59) 

72.91 
(6.84) 

Perron 
et al., 
2022a 

Syllables in four-talker 
babble, SNR = − 3 dB 

Sensitivity 1.26 
(0.55) 

1.17 
(0.56) 

Ruggles 
et al. 
(2014) 

Sentences in continuous 
noise—mean score of 
SNR conditions − 6 dB 
and − 3 dB 

% correct 64.84 
(5.82) 

63.30 
(10.20) 

Note. M = mean, SD = standard deviation, SRT = speech reception threshold, 
SNR = signal-to-noise ratio, CV = consonant-vowel. 

Fig. 7. Effect sizes for the speech in SNR <0 dB condition. Each box represents the effect estimate of an individual study and its size is proportional to that study’s 
weight on the pooled result. The horizontal lines through the boxes represent the 95% confidence interval. The diamond represents the pooled result from the random 
effect meta-analysis. RE Model = Random effect model, SMD = Standardized mean difference (Hedge’s G), 95% CI = 95% confidence interval. 

Table 13 
Moderator analysis for the “speech in noise—SNR <0 dB” meta-analysis.  

Moderator ß ß’s β′s CI95% SE Q’s I2 (%) 

p-value LL UL p-value 

Mean age − 0.02 0.43 − 0.05 0.02 0.02 0.01 68.16 
Study quality − 1.79 0.61 − 8.73 5.14 3.54 0.01 73.74 

Note. ß = regression coefficients, CI95% = 95% confidence interval, LL = lower 
limit of the CI95%, UL = upper limit of the CI95%, SE = standard error, I2 = re
sidual heterogeneity. 

Table 14 
Tasks and descriptive data used for the “speech in noise—SNR = 0 dB” meta- 
analysis.  

Article Task Score Musicians 
M (SD) 

Non- 
Musicians 
M (SD) 

Anaya et al. 
(2016) 

PRESTO % 
correct 

68.13 
(6.11) 

63.5 (7.48) 

Du and Zatorre 
(2017) 

CV syllables in white 
noise 

% 
correct 

92.33 
(2.91) 

88 (7.56) 

Fostick (2019) Words in speech 
shaped noise 

% 
correct 

0.72 (0.15) 0.55 (0.15) 

Fuller et al. 
(2014) 

Words in speech 
shaped noise 

% 
correct 

89.55 
(6.72) 

88 (9.14) 

Ruggles et al. 
(2014) 

Sentences in 
continuous noise 

% 
correct 

86.97 
(6.01) 

85.17 
(11.73) 

Zendel et al. 
(2015) 

Words in multitalker 
babble noise 

% 
correct 

85.28 
(5.51) 

79.54 
(6.10) 

Zendel et al., 
2019 

Words in four talker 
babble 

% 
correct 

76.23 
(12.65) 

67.23 
(12.15) 

Note. M = mean, SD = standard deviation, SRT = speech reception threshold, 
CV = consonant-vowel. 
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Mills, 2005), with surprisingly high number of undiagnosed and un
corrected hearing loss (Ramage-Morin et al., 2019). Finally, considering 
that hearing levels can influence SPiN performance, measuring, 
reporting and controlling for hearing is a necessity. Perhaps one atten
uating factor is that, typically, the sound level during a SPiN task is 
adjusted to participants hearing, which limits the impact of not con
trolling for hearing level. Further, older adults with normal hearing also 
commonly complain of difficulty with SPiN, which suggests that SPiN 
difficulties are not entirely attributable to peripheral hearing decline 
(Frisina and Frisina, 1997; Gordon-Salant and Fitzgibbons, 1993; 

Hopkins and Moore, 2011; Snell and Frisina, 2000). Nevertheless, it is 
still possible that hearing level differences between groups could have 
attenuated or masked group differences in SPiN, which could contribute 
to explaining the rather large proportion of studies that did not report a 
robust musician’s advantage, despite the overall analysis being signifi
cant in most conditions. Echoing a recent narrative review (Grenier 
et al., 2021), our recommendation is therefore to measure and report 
pure tone thresholds for each group (audiograms and the calculation of 
PTA). Considering that a recent literature review showed that the clas
sical PTA frequencies (500, 1000 and 2000 Hz) are not affected in mu
sicians, but that higher frequencies (3000–8000 Hz) are (Di Stadio et al., 
2018), measurements should include frequencies up to 8 KHz. Given the 
high prevalence of hearing loss among musicians (estimated to be 
around ~40% among professional musicians (Di Stadio et al., 2018; 
Pouryaghoub et al., 2017), whether abnormal hearing levels should be 
an exclusion criterion if one aims to maintain representativeness, is a 
debate that is beyond the scope of this review. However, a more thor
ough reporting of hearing status, and the use of a measure of hearing 
level (e.g. an extended PTA) in the statistical analyses would provide 
some control over this potentially confounding factor, as well as reveal 
its impact on SPiN. 

A fourth major limitation is that the control for cognitive level was 
largely lacking. In the 20 studies that matched the groups on cognition, 
most used IQ. Considering that high-level cognitive and executive 
functions have been shown to contribute to about 9% (r ~ 0.3) of SPiN 
performance (Dryden et al., 2017) and given that there could be baseline 
cognitive differences between musicians and non-musicians (e.g., pre
disposition (Schellenberg and Peretz, 2008)), measuring cognition/ex
ecutive functions and matching groups on this is essential. A general 
screening measure could be the basis of such a matching process (e.g., 
the MoCA test, which is a multilingual validated tool that only takes a 
few minutes to administer), as was also suggested by Kraus and 
Anderson (Kraus and Anderson, 2013c). 

This would also ensure that the musicianship advantage that we 
report here is truly related to music-making activities and not to genetic 
or other predispositions. More in depth measures of cognitive functions 
that have been associated with SPiN perception such as auditory 
working memory, auditory attention, and speed of processing (e.g., 
Bidelman and Yoo, 2020; Dryden et al., 2017; Parbery-Clark et al., 2011; 
Strait and Kraus, 2011) and an evaluation of their impact on SPiN per
formance would also contribute to reveal the extent to which these 
domains are impacted by musicianship, if at all, and their contribution 
to SPiN perception. In their narrative review, Coffey et al. suggested that 

Fig. 8. Effect sizes for the speech in SNR = 0 dB condition. Each box represents the effect estimate of an individual study and its size is proportional to that study’s 
weight on the pooled result. The horizontal lines through the boxes represent the 95% confidence interval. The diamond represents the pooled result from the random 
effect meta-analysis. RE Model = Random effect model, SMD = Standardized mean difference (Hedge’s G), 95% CI = 95% confidence interval. 

Table 15 
Moderator analysis for the “speech in noise—SNR = 0 dB” analysis.  

Moderator ß ß’s β′s CI95% SE Q’s I2 (%) 

p-value LL UL p-value 

Mean age 0.01 0.10 − 0.00 0.02 0.01 0.49 0.00 
Study quality 0.45 0.77 − 2.60 3.50 1.55 0.22 9.54 

Note. ß = regression coefficients, CI95% = 95% confidence interval, LL = lower 
limit of the CI95%, UL = upper limit of the CI95%, SE = standard error, I2 = re
sidual heterogeneity. 

Table 16 
Tasks and descriptive data used for the “speech in noise—SNR> 0 dB” meta- 
analysis.  

Article Task Score Musicians 
M (SD) 

Non- 
Musicians 
M (SD) 

Du and 
Zatorre 
(2017) 

CV syllables in white 
noise, 
SNR = +8 dB 

% correct 97.33 
(2.31) 

91.5 
(6.72) 

Fuller et al. 
(2014) 

Words in speech shaped 
noise, composite score for 
+5 and + 10 dB SNR 

% correct 96.10 
(2.54) 

95.88 
(2.67) 

Perron 
et al., 
2022a 

CVC syllables in four- 
talker babble, 
SNR = +3 dB 

Sensitivity 2.75 
(0.69) 

2.63 
(0.58) 

Zendel 
et al. 
(2015) 

Words in multitalker 
babble, 
SNR = +15 dB 

% correct 98.05 
(1.35) 

97.90 
(1.21) 

Zendel 
et al., 
2019 

Words in four talker 
babble 

% correct 97.15 
(3.60) 

97.00 
(1.41) 

Note. M = mean, SD = standard deviation. 
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cognitive performance enhance SPiN performance but that even in SPiN 
tasks with low cognitive load, a musician advantage has been reported, 
which suggest that, though important, a musician advantage in SPiN 
may not be fully explained by higher-level processes (Coffey et al., 
2017). Together with the current observation that controls for cognitive 
level are scarce in the SPiN literature, these findings show that addi
tional studies are needed to determine the part of the musician advan
tage on SPiN that is related to cognitive and executive functions. 

4.6. Limitations 

There are a few limitations to our study. Our analyses and conclu
sions are limited by the available literature: (1) a restricted number of 
studies, (2) frequently missing descriptive statistics (means and standard 
deviations), (3) variable quality of the studies included, (4) several 
studies reported no reliable group difference, and (5) a potential pub
lication bias. (1) The limited number of studies (5–21 per analysis) 
impacts the reliability of the effect sizes, which should be interpreted 
with some caution. Because of the paucity of studies on middle-aged and 
older adults, the moderating impact of age could not be consistently 

assessed in every analysis. In addition, the effect of masker type (noise 
VS. speech) in analyses of different SNR levels ((f) to h)) could not be 
analyzed because of the small number of studies. Furthermore, the 
assessment of other potentially moderating variables, such as the tar
gets’ linguistic level (e.g., words vs. sentences) were also impossible, 
limiting our ability to explore the between-study heterogeneity. (2) We 
were not able to obtain the descriptive data for all studies. Specifically, 
despite our efforts in reaching out to authors, 7 studies that were eligible 
for our meta-analyses could not be included. As a result, the effect sizes 
do not reflect the entirety of the literature selected for the systematic 
review. We strongly encourage authors to report means, standard de
viations, and total sample for each primary and secondary outcome 
measure, following most guidelines for reporting quantitative research 
such as those of the Publication Manual of the APA, and, whenever 
ethically possible, to share anonymized data on dedicated platforms to 
facilitate reanalyses including meta-analyses. (3) We chose to include all 
studies that provided data in our meta-analyses, even those with lower 
quality ratings, for the sake of completeness, and because of the overall 
low number of studies. It should be noted that, due to the issues dis
cussed in the previous section, the average score across all studies was 
not very high (0.58). When further studies are available, it will be 
important to validate the current findings with hopefully better 
controlled studies including more thoroughly described participants. (4) 
A relatively large number of studies reported no reliable group differ
ence despite the meta-analysis being significant. In several cases, the 
confidence interval of these studies barely passed through zero sug
gesting that they were near significance, which could explain in part this 
finding. A lack of statistical power might have occurred in some studies 
due to relatively small sample sizes (i.e., 20 or fewer participants in most 
studies), as pointed out in the results section. Some tools (e.g., https://sh 
iny.york.ac.uk/powercontours/) may help researchers determine sam
ple sizes as well as the number of trials in experimental SPiN tasks to 

Fig. 9. Effect sizes for the speech in SNR> 0 dB condition. Each box represents the effect estimate of an individual study and its size is proportional to that study’s 
weight on the pooled result. The horizontal lines through the boxes represent the 95% confidence interval. The diamond represents the pooled result from the random 
effect meta-analysis. RE Model = Random effect model, SMD = Standardized mean difference (Hedge’s G), 95% CI = 95% confidence interval. 

Table 17 
Moderator analysis for the “speech in noise—SNR> 0 dB” analysis.  

Moderator ß ß’s β′s CI95% SE Q’s I2 (%) 

p-value LL UL p-value 

Mean age − 0.01 0.50 − 0.03 0.01 0.01 0.16 52.49 
Study quality 0.46 0.83 − 3.74 4.66 2.14 0.13 60.33 

Note. ß = regression coefficients, CI95% = 95% confidence interval, LL = lower 
limit of the CI95%, UL = upper limit of the CI95%, SE = standard error, I2 = re
sidual heterogeneity. 

Table 18 
Summary statistics for all meta-analyses.  

Experimental condition N G G’s SE G’s CI95% Q’s I2 (%) I2’s CI95% 

p-value LL UL p-value LL UL 

Speech in noise masker 21 0.52 <0.01 0.13 0.27 0.77 <0.01 71.40 51.10 86.94 
Speech in one-talker masker 7 0.08 0.80 0.33 − 0.56 0.73 <0.01 83.99 33.54 96.70 
Speech in two-talker masker 7 0.63 <0.01 0.19 0.26 1.00 0.01 61.49 12.08 92.46 
Speech in four-talker masker 16 0.53 <0.01 0.12 0.30 0.76 0.02 57.30 0.30 82.56 
Speech in spatially separated noise 7 0.35 <0.01 0.12 0.11 0.59 0.13 24.87 0.00 86.39 
Speech in noise—SNR <0 db 7 0.59 <0.01 0.23 0.14 1.04 0.01 70.57 23.19 94.14 
Speech in noise—SNR ¼ 0 db 7 0.61 <0.01 0.14 0.35 0.88 0.31 0.00 0.00 79.17 
Speech in noise—SNR> 0 db 5 0.28 0.16 0.20 − 0.11 0.67 0.21 47.40 0.00 93.96 

Note. N = number of articles, G = Hedge’s g, SE = standard error, CI95% = 95% confidence interval, LL = lower limit, UL = upper limit, Q = Cochran’s Q. 
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maximize statistical power (Baker et al., 2021). (5) Finally, we cannot 
rule out a publication bias, specifically for small studies, as can be noted 
by the visual inspection of the funnel plot for the “speech in four-talker 
masker” meta-analysis (see Supplementary material 3). Such a publi
cation bias could have inflated the effect size in favour of musicians in 
this condition. The consequences of publication bias are profound and 
detrimental. We strongly encourage authors to publish their results 
whether consistent or not with the notion of a musician’s advantage. 
There are several avenues nowadays where solid but nonsignificant re
sults can be published. Pre-registering studies may be a way to protect 
oneself against the hardship that publishing null findings sometimes 
represent. 

5. Conclusion 

The study of a potential musician advantage on SPiN performance 
has garnered a wide interest for the prevention/rehabilitation of SPiN 
perception in the aging population. Despite the relatively small number 
of studies on the topic, and the quasi absence of randomized studies, our 
results show a robust association between musicianship and SPiN per
formance in challenging conditions, while this association is reduced or 
not significant in easier conditions. This pattern of results is compelling 
and supports the notion of a musician advantage. However, the current 
data does not warrant conclusion regarding older adults. Additional 
studies on older adults are needed to confirm and refine the present 
results. Further, randomized studies are critically needed to assess the 
causality of this relationship in older adults, but also, more generally, in 
adults of all ages. Finally, a more careful characterization of musicians, 
in terms of their hearing level, their cognitive level and their musical 
practice, would hone our understanding of the practices associated with 
benefits in SPiN performance and contribute to the elaboration of pre
vention/rehabilitation strategies. 
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