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IN THIS STUDY, THE ROBUSTNESS OF AN ONLINE
tool for objectively assessing singing ability was exam-
ined by: (1) determining the internal consistency and
test-retest reliability of the tool; (2) comparing the task
performance of web-based participants (n = 285) with
a group (n = 52) completing the tool in a controlled
laboratory setting, and then determining the convergent
validity between settings, and (3) comparing partici-
pants’ task performance with previous research using
similar singing tasks and populations. Results indicated
that the online singing tool exhibited high internal con-
sistency (Cronbach’s alpha = .92), and moderate-to-
high test-retest reliabilities (.65-.80) across an average
4.5-year-span. Task performance for web- and
laboratory-based participants (n = 82) matched on age,
sex, and music training were not significantly different.
Moderate-to-large correlations (|r] =.31-.59) were found
between self-rated singing ability and the various singing
tasks, supporting convergent validity. Finally, task perfor-
mance of the web-based sample was not significantly dif-
ferent to previously reported findings. Overall the findings
support the robustness of the online tool for objectively
measuring singing pitch accuracy beyond a controlled lab-
oratory environment and its potential application in large-
scale investigations of singing and music ability.
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EB-BASED EXPERIMENTAL RESEARCH HAS
W flourished since the beginning of the inter-

net revolution in the 1990s (Gosling &
Mason, 2015; Reips, 2002). Initially, the use of the inter-
net was the prerogative of a technologically savvy
minority, leaving most researchers skeptical about the
feasibility and utility of conducting research online.
However, with more than half the world population
(and more than 80% of developed countries) now hav-
ing internet access (Internet World Stats, 2019), and the
growing indispensability of internet usage in our daily
lives, web-based research promises to transform and
strengthen the impact of empirical research, particularly
in the social sciences.

Proponents of web-based research have recounted
numerous advantages of online studies (Gosling & Mason,
2015; Gosling, Vazire, Srivastava, & John, 2004; Honing &
Ladinig, 2008; Musch & Reips, 2000; Reips, 2002), while
others have raised caution about inherent challenges pri-
marily relating to the limited control of the experimental
setting in which the research takes place (Reips, 2002).
Table 1 summarizes the advantages and disadvantages of
web-based research canvassed in this debate.

Fortunately, many of the challenges of web-based
research outlined in Table 1 can be prevented or have
their effects minimized. For instance, multiple submis-
sions may be detected by collecting limited identifying
information from participants. Participant dropout can
be minimized by providing personal feedback or finan-
cial incentives upon study completion. Potential for
misunderstanding instructions can be reduced by pilot-
ing the online tool and using suggestions from testers to
improve the wording and layout of its design (see Reips,
2002, for more suggested solutions). In addition, a num-
ber of psychological research studies have reported that
results are comparable from web- and lab-based settings
(for a summary, see Krantz & Dalal, 2000). This sug-
gests that, in general, the internal validity of web-based
research may not be greatly compromised.

Compared to web-based research that has straightfor-
ward implementation (such as answering an online sur-
vey), web-based music research has only grown in the
past decade following advances in web audio technology.
In 2008, Honing and Ladinig noted the potential of web-
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TABLE 1. Advantages and Disadvantages of Web-based Research
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Advantages of web-based research

Disadvantages of web-based research

Access to large, diverse pools of participants, as opposed to
convenience samples of university students common in
laboratory-based research — good population validity.

High voluntary participation from individuals who are likely to
be intrinsically motivated.

Access to specific populations that may be challenging to
recruit otherwise.

Reduced demand on time, space, and human resources and the
associated costs to run experiments (e.g., numerous
participants can take part simultaneously regardless of
location as long as they have internet access and the server
has the capacity to handle the web traffic).

High degree of standardization of the experimental procedure
built into the online program.

Reduced experimenter bias. The absence of the experimenter
ensures that participants’ responses will not be influenced by
variability in the experimenter’s behavior towards different
participants.

Good ecological validity by bringing the experiment to the
participant and enabling participants to complete tasks in
a familiar, natural and less stressful environment, eliciting
more authentic behavior.

Good external validity (as a result of greater population and
ecological validity), ensuring generalizability of the findings.

High statistical power.

Potential participant’s fraud (e.g., multiple submissions) and
non-serious responses.

Possibility of participant dropout that necessitates keeping the
length of the online program (and the amount of data
collected) brief.

Possible exclusion of participants who do not have the
necessary technical knowledge, specialized equipment/
software, or internet access to run the online experiment,
introducing bias in the sample. Possibility of other
unrecognized or unmeasurable sampling bias.

Development of a new technical skill set for researchers in
creating psychometrically robust online tools and ensuring
secure storage of data.

End user technical variance (e.g., hardware and software used,
internet speed), leading to variable delivery of stimuli and
increased possibility of missing data due to internet or
computer problems.*

Instructions and stimuli may not be understood or perceived as
intended, producing inaccurate or imprecise responses.*

Variation in the participant’s environment, introducing noise
into the data.*

Reduced data quality due to reasons marked with an asterisk
above.

Potential threats to internal validity due to reasons marked with
an asterisk above.

based music perception and cognition research and
encouraged researchers to harness this rich resource.
As anticipated, concerns were raised about the internal
validity and reliability of online music perception tests,
particularly due to potential variability in end-user audio
settings and thus, the testing environment (Kendall,
2008; Pfeifer & Hamann, 2015). However, others have
noted that technical and environmental variability, if
occurring randomly within conditions, only leads to
greater error variance, making detection of a significant
effect more difficult (i.e., reducing study power) without
threatening internal validity (Lacherez, 2008).

Importantly also, if a significant effect is detected despite
increased real-world and technical variance, the case for
the effect and the finding’s generalizability to real-world
settings is strengthened (Honing & Reips, 2008). More-
over, accessing larger samples from the internet can serve
to increase statistical power that can, in turn, offset the
increased error variance (Lacherez, 2008).

Web-based music research has since gained consid-
erable traction, as evidenced by large-scale surveys on
musicality (Miillensiefen, Gingras, Musil, & Stewart,
2014), musical preferences (Greenberg et al., 2016),
music engagement (Cogo-Moreira & Lamont, 2017),
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and music perception (Peretz & Vuvan, 2017; Ullén,
Mosing, Holm, Eriksson, & Madison, 2014). However,
only a handful of studies have examined the psycho-
metric properties and validity of online music percep-
tion tests. While some have reported robust music
perception data (Ullén et al., 2014; Zentner & Strauss,
2017), others have challenged the validity and reliabil-
ity of these tasks (Harrison & Miillensiefen, 2018; Pfei-
fer & Hamann, 2015). For instance, Pfeifer and
Hamann (2015) found that participants who com-
pleted a web-based version of the Montreal Battery for
Evaluation of Amusia (MBEA) scored significantly
lower on all but the rhythm subtests, which might have
led to a greater number of participants being diagnosed
with congenital amusia. Similarly, Harrison and Miil-
lensiefen (2018) observed considerably lower test-
retest reliability from participants who undertook
a beat perception test online as compared to those who
took the same test in a laboratory-based setting. These
findings suggest that music perception research may
not be well-suited to online testing perhaps because
a quiet, controlled environment cannot be guaranteed
in an online setting.

In this study, we aimed to extend the comparison of
web-based and laboratory-based assessments by inves-
tigating the validity and reliability of an objective online
singing tool. To date, there has been a dearth of studies
examining this issue (Pfordresher & Demorest, 2020a,
2020b), which is unsurprising given that recording
sound, such as singing “on the fly” directly from an
internet browser, has only become possible in recent
years. Although the online singing tool described in our
paper shares some task similarities with one previous
tool, the Seattle Singing Accuracy Protocol (SSAP;
Demorest et al., 2015), there were a number of differ-
ences between the two. First, our online singing tool
includes a perceptual pitch-matching task that is an
innovative online adaptation of an existing pitch per-
ception task developed by Hutchins and Peretz (2012,
see Materials and Procedure for more information).
Moreover, in its current form as an HTML5 web appli-
cation, our online singing tool differs from the SSAP in
terms of its ability to support mobile devices (see
Author Note for more information).

Specifically, in this study we examined the robustness
of our purpose-built online singing assessment tool by
comparing the psychometric properties of this tool
completed in a web-based or controlled laboratory envi-
ronment. Our main research questions were: (1) What
is the reliability of the online tool? (2) What is the
convergent validity of the online tool? (3) How does the
singing task performance obtained from the online tool

compare with previously published experimental data
using similar singing tasks and target populations?

The reliability of the online tool was examined by: (1)
comparing the internal consistency of the singing tasks
undertaken in both environments, and (2) computing the
test-retest reliability of the tool in a subset of web-based
participants. To test the convergent validity of the tool, we
compared singing performance data collected in the web-
based and laboratory environment, as well as with self-
reported singing ability. Convergent validity is established
when similar results are obtained using two different
methods (Krantz & Dalal, 2000). Therefore, if the online
tool measures singing ability robustly, task performance in
web-based and lab-based environments should converge.
Similarly, performance of the singing tasks might be
expected to correlate well with self-reported singing abil-
ity, as previous studies have reported links between self-
concept of singing or music abilities and actual singing
accuracy (Demorest, Kelley, & Pfordresher, 2017; Wise &
Sloboda, 2008, but see also Pfordresher & Brown, 2007;
Pfordresher & Demorest, 2020b). This approach concords
with the two methods of establishing the validity of web-
based research proposed by Krantz and Dalal (2000).
Finally, we compared our web-based singing data with
previously published findings for similar laboratory-
based singing tasks by conducting a systematic literature
search and meta-analyses.

Method

PARTICIPANTS

The participant group comprised two samples: a large
web-based sample (n = 285) and a laboratory-based
sample (n = 52).

The web-based sample was recruited as part of a larger
twin study investigating the genetic basis of singing
ability. The majority of the web-based sample (n =
245) was recruited from Twins Research Australia, a vol-
unteer twin registry that helps to facilitate and support
medical and scientific studies involving twins. Study
information was sent in an invitation email containing
a web link to the study, which interested twins could
click to commence participation. The remaining twins
in the web-based sample were recruited via advertise-
ment within the University of Melbourne or through
personal contacts.

The laboratory-based sample comprised first-year Uni-
versity of Melbourne psychology students who opted to
participate in the current study from a selection of
research projects within the Melbourne School of Psycho-
logical Sciences’ Research Experience Program. They were
awarded 1% course credit for one hour of research



participation upon completion of the study. The
laboratory-based participants completed the online sing-
ing tool under laboratory-based experimental conditions.
Specifically, each participant completed the assessment
individually in a sound-attenuated chamber of the Clinical
and Music Neuroscience Lab in the Melbourne School of
Psychological Sciences, using a laptop fitted with an exter-
nal computer microphone. Neither sample was selected
on the basis of having music training,

Sixty-six participants from the web-based sample
redid the online study four years later to determine
test-retest reliability (mean test-retest interval = 4.45
years). Both the web-based and laboratory-based stud-
ies were approved by the Human Research Ethics Com-
mittee of the University of Melbourne and all
participants provided informed consent.

Demographic information of the web-based,
laboratory-based and test-retest web-based samples are
summarized in Table 2. One-sample ¢-tests comparing
the test-retest web-based sample (based on data col-
lected at time 1) with the entire web-based sample
revealed that the test-retest web-based sample had
a greater proportion of female participants, #(65) =
3.85, p < .001 (medium effect size r =43), and was
significantly older than the web-based sample, #(65)
= 2.53, p = .014 (medium effect size r =.30). The
samples however, were not significantly different in
terms of years of music training. #(65) = 0.19, p =
.85). A chi-square test of independence revealed that
there was a greater proportion of female participants
in the laboratory-based sample compared to the web-
based sample, x*(1) = 6.17, p = .013. Independent -
tests also revealed that both age and years of music
training were significantly different between these two
samples, with the web-based sample being significantly
older, #(212.27) = 13.32, p < .01 (large effect size r
=.67), and having more years of music training,
t(106.11) = 3.56, p < .01 (moderate effect size r
=.33). In view of this, we controlled for the effects of
sex, age, and years of music training where relevant in
our subsequent analyses.
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MATERIALS AND PROCEDURE
The online singing tool was developed in Adobe Flash and
could be run on Windows or Macintosh platforms. Prior to
recruitment, the program was extensively piloted for four
weeks by 13 volunteer pilot testers and based on their feed-
back, program bugs, user interface design, and task instruc-
tions were rectified and improved. The online singing tool
comprised three singing tasks (Happy Birthday, Sing The
Note, Sing The Tune), two music perception tasks (Match
The Note and Happy Birthday Melody Recognition Task)
and a questionnaire on music and singing experience
(Table 3; see Supplementary Materials accompanying the
online version of this paper at online.ucpress.edu/mp for
screenshots of the tasks and the questionnaire items). The
online singing tasks were similar to those typically used in
comprehensive singing assessments, such as the Singing
Performance Battery (Berkowska & Dalla Bella, 2013) and
the Seattle Singing Ability Protocol (Demorest et al., 2015).
Match The Note was adapted from the perceptual pitch-
matching task of Hutchins and Peretz (2012). Instead of
matching synthesized voice stimuli with a physical pitch
slider, we modified the task such that the pitch stimuli were
sine waves and participants matched the stimuli by moving
a sine wave pitch slider on the screen.

The estimated time for completion of the study was
approximately 30 minutes, with the order of tasks and
estimated duration of each shown in Table 3. At the
end of the study, feedback on Match The Note perfor-
mance was provided. In addition, participants could
opt to receive feedback on how well they performed
the singing tasks after the pitch analysis of the singing
tasks had been conducted off-line. While it would
have been ideal for participants to receive feedback
on their singing performance immediately upon com-
pletion of the study (which, incidentally, is one of
SSAP’s features for simple pitch-matching and pitch
imitation), off-line pitch analysis was deemed a neces-
sary trade-off particularly for more complex singing
tasks, to ensure faster and smoother user experience
regardless of user device processing speed and internet
bandwidth.

TABLE 2. Demographic Information of the Web-based and Laboratory-based Samples

Web-based sample

Laboratory-based sample

All

Test-retest

285
220 (77.2%)
33.01 (12.01)
4.62 (4.13)

n
Female (%)

Mean age (SD)

Mean years of music training (SD)

66 52
60 (90.9%)* 48 (92.3%)*
37.08 (13.05)* 20.31 (4.47)**
4.70 (3.36) 3.02 (2.63)**

*p < .05 **p < .01
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TABLE 3. Order of Components of the Online Singing Tool

Duration
Component (min) Description
Welcome and instructions 1.5 Brief description of the assessment and instructions for participants before

commencing the tasks (which indicated consent). Participation in a quiet setting
is strongly advised.

Sound and microphone check

Tests the functionality of speakers and microphone of the participant’s computer/

device to ensure recording accuracy.

Demographic information

Enter details of demographical information

(name, date of birth, sex, level of education, first and second languages)

Sing Happy Birthday in several different conditions (e.g. paced/unpaced, with/

without lyrics), in a key of choice.

Match five different sine tones (pitch classes: B, C#, D#, F, G) to a probe tone by

moving a sine wave pitch slider on the screen
(15 trials; tone range for females = 246.94-397 Hz; tone range for

Sing back five sine tones (same stimuli as above)

(15 trials; tone range for females =246.94-397 Hz; tone range for males

Sing back five different 7-note piano tunes*

(15 trials; tone range for females =220-440 Hz; tone range for males =110-220 Hz)

Happy Birthday 3.5
Match The Note 5
males=123.47-196 Hz)
Sing The Note 5
=123.47-196 Hz)
Sing The Tune 5
Happy Birthday Melody 2

Recognition Task**
Music questionnaire 5

Concluding remarks

Identify the correct version of Happy Birthday from two mistuned versions.

Items assessing singing and music background.

Option to leave expression of interest for participation in future studies.

Feedback on performance in Match The Note provided.

Thank-you page

Total duration 27

*See Figure S6 in Supplementary Materials at online.ucpress.edu/mp. **This task is not discussed in the paper because 99% of the participants performed at ceiling.

MEASURES

Singing data were downloaded from a secure online
FTP server and processed using Tony, an open-source
pitch transcription software (Mauch et al., 2015). The
software automatically determines stable pitch segments
in the participant’s singing and estimates the median
fundamental frequency of each pitch segment using the
pYin algorithm (Mauch & Dixon, 2014) and Viterbi-
decoded hidden Markov model. The estimated pitch
segments were then inspected visually and aurally
within the Tony graphical user interface and manually
adjusted where necessary (e.g., merging or splitting
pitch segments if the number of estimated segments was
more or less than the expected number of pitch

segments, respectively). The reliability of this automatic
pitch segmentation method was high (intraclass corre-
lation = .999), evaluated by comparing the pitch seg-
mentation outcome in Tony with a manual pitch
segmentation method we performed using the speech
analysis software, Praat (version 5.4.01; Boersma &
Weenink, 2014) on the sound data of 20 randomly
selected web-based participants.

In the two single pitch-imitation tasks (Match The
Note, Sing The Note), accuracy was assessed by comput-
ing the absolute difference (in cents) between each sung
pitch and the corresponding expected pitch before sum-
ming and averaging across the entire task. This measure
(herein referred to as Pitch Deviation, PD) was



Reliability and Validity of Web Singing Research 391

Expected : J J ‘J
pitch ‘o
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D 5 PD
(Equation 2) : (Equation 1)
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“Ha -ppy Birth - day to you”
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(First expected pitch = Average of 15, 2nd, and 4! observed pitches)

FIGURE 1. Estimation of pitch deviation (PD) and interval deviation (ID) in the first phrase of Happy Birthday. Fundamental frequencies of the 1st, 29,
and 4th pitches sung by the participant were averaged to form the first expected pitch, from which other pitches were computed using the known
intervals of the song. PD was computed using Equation 1 and ID using Equation 2.

computed with the following equation:

n )
. > 1200 x log, 2 |
n

(1)

where f; is the fundamental frequency (in Hz) of the i
pitch produced by the participant, r; is the fundamental
frequency of the corresponding reference pitch, and # is
the total number of pitches in a trial or a task. The
smaller the PD, the better the pitch accuracy.

For Sing The Tune, an additional accuracy measure
was computed from the absolute difference between
each sung interval (i.e., distance between two adjacent
pitches) and the corresponding expected interval, aver-
aged across the entire task. This measure (herein
referred to as Interval Deviation, ID) was computed
with the following equation:

EE:Z4|<1200 xlogz%%) —»(1200 xlogz§5)|

n

D =
(2)

where f; is the fundamental frequency (in Hz) of the i
pitch produced by the participant, r; is the fundamental
frequency of the corresponding reference pitch of the
stimulus, and # is the total number of pitches in
the stimulus of the task. Both PD and ID have been
commonly used in previous studies as indicators of
singing proficiency (Dalla Bella, 2015).

Finally, in Happy Birthday, ID was similarly com-
puted using the above equation. As for PD, the expected
pitches of the task were estimated as follows: the first
expected pitch was estimated by averaging the first, sec-
ond and fourth observed pitches from the first phrase of
Happy Birthday sung by the participant (Figure 1). As
these three notes have the same expected pitch height,
their average fundamental frequency yields a more sta-
ble estimate of the expected starting pitch than using the
first sung note alone. Then, using the known intervallic
information of Happy Birthday, the subsequent
expected pitches of the melody were derived using the
following equation:

int

r;p = 2020 X 1 (3)

where r; is the fundamental frequency (in Hz) of the
expected pitch in the i™ position of the song, r;; is
the fundamental frequency of the preceding expected
pitch, and int is the interval (in cents) between the
current and previous expected pitches (see Figure 1).
Only the PD and ID of the final two trials (singing at
a prescribed tempo of 120 bpm without lyrics) were
computed and averaged, as previous research has
found that singing on a neutral syllable at a prescribed
tempo elicits the best singing accuracy (Berkowska &
Dalla Bella, 2013; Dalla Bella, Gigueére, & Peretz,
2007).
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SYSTEMATIC LITERATURE REVIEW
To identify previous studies using similar singing tasks
and accuracy measures in similar populations (i.e., the
general public or university students), a literature search
was conducted in Scopus using (1) “singing ability” or
“singing proficiency,” (2) “accura*” and (3) “pitch” as
search terms, applied to publication titles, abstracts, and

keywords. This produced 29 results, of which 23 were
excluded using the following exclusion criteria:

A. The study did not have participants (experimental
or control) from the general population (e.g., the
study sample only included expert musicians or

Enter search string in Scopus:
( (TITLE-ABS-KEY ( "singing ability" )
OR TITLE-ABS-KEY ( "singing proficiency") )
AND TITLE-ABS-KEY (accura*)
AND TITLE-ABS-KEY ( pitch) )

A4
N =29 Excluded n=23
NP: 11
NT: 3
NM: 5
X NE: 4
N=6

Search through publications referenced by
or referencing the articles above

N =228 Excluded n=203

Exclusion key:
NR: Not related to singing ability research

NL: Not in English language or not available

NE: Not an empirical study

NR: 120
a. NL: 2
NE: 24
NP: 33

NT:5
NM: 18

NO: 1

NP: No participants (experimental or control) from the general population

NT: Not using singing tasks comparable to those in the online singing tool

NM: Not using objective measures comparable to those used in the current study/
insufficient reporting of means and standard deviations to allow comparison

NO: Participant sample largely overlapped with another included study

FIGURE 2. Flowchart highlighting the study selection process.



singers, individuals with congenital amusia or
absolute pitch, or clinical populations)

B. The study did not use similar singing tasks to
those in the online singing tool.

C. The study did not use objective measures that were
comparable to those used in the current study to
assess singing ability, or the study did not sufficiently
report means and standard deviations of the objec-
tive measures to allow comparison. To minimize the
number of suitable studies excluded by this crite-
rion, for the latter scenario good-faith estimates
were made from data in plots or tables where pos-
sible. For studies that were published fairly recently
(i.e., in the past decade) where the required infor-
mation was not available from the published con-
tent, requests for more information were made via
email communication to the corresponding authors.

D. The study was not an empirical study (e.g., theoret-
ical paper).

Of the 6 remaining articles, 228 distinct publica-
tions referenced by or referencing these articles were
manually canvassed to identify relevant studies. In this
step, three more conditions were added to the afore-
mentioned exclusion criteria:

E. The study was not related to singing ability
research.

FE The study was not published in English.

G. The study had a highly overlapping participant
sample with another study.

After excluding 203 publications, 31 relevant studies
remained. Figure 2 presents a flowchart of how rele-
vant studies were selected and Tables 4 to 6 present
the characteristics of the relevant studies as organized
by different singing tasks (single pitch-matching,
novel tune imitation and familiar song singing,
respectively).

For each selected study, if there was more than one
participant sample or more than one condition for
a singing task, the study sample or the singing condition
that most closely matched the current study’s web-
based sample or condition was chosen. For studies that
comprised samples of both expert musicians and non-
musician controls, we reported the accuracies of the two
groups separately in Tables 4 to 6 for completeness.

ANALYSES

Unless otherwise stated, analyses were conducted using
SPSS statistical package version 25 (IBM Corp., 2010),
with an alpha criterion of .05. As the skewness and
kurtosis values for the task measures were less than -1
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or greater than +1 and thus indicated non-normality
(George & Mallery, 2010), all variables were trans-
formed using the natural log (In) transformation, such
that the skewness and kurtosis values were within + 1.
All subsequent references to the task variables refer to
the transformed variables, although for interpretability,
the mean and median values are presented in their raw
form in Table 7.

To address the first research question, the internal con-
sistency of the online singing tool in each sample was
computed using Cronbach’s alpha, evaluating the extent
to which performance on individual tasks (e.g., “Sing the
Note PD”) predicted the participant’s performance on
other tasks (e.g., “Happy Birthday ID”). Test-retest reli-
abilities of each singing task in the online tool were com-
puted following the guidelines from Koo and Li (2016).
Specifically, intraclass correlation estimates were calcu-
lated based on a single-measurement, absolute-
agreement, two-way mixed-effects model. Single mea-
surement was selected because for each task, perfor-
mance from the first attempt was used as the basis of
the assessment rather than the mean performance of the
test and retest. In addition, absolute agreement was
selected rather than consistency because we were con-
cerned with the extent to which the second attempt is
similar to the first attempt in absolute terms, rather than
in a correlational manner. Finally, a two-way mixed
effects model was chosen instead of a two-way random-
effects model because repeated attempts using the same
test battery imply that the measurements are not ran-
domized and thus the reliability results cannot be gener-
alized to other test batteries with similar characteristics.

For the second research question, the singing accu-
racy of the web-based and laboratory samples was
compared for each singing task using a general linear
model (GLM) approach. Each task variable was
entered as the dependent variable, group (web-based
vs. laboratory-based) as the fixed factor and age, sex,
and years of music training as covariates. Interaction
terms between each covariate and the fixed factor
were also entered into the model to explore potential
interactions between group and covariates. In addi-
tion, correlations between the task measures and
self-reported singing ability (in 7-point Likert scale;
see Question 20 from Table S1 in Supplementary
Materials at online.ucpress.edu/mp) were computed
to investigate the relationship between self-assessed
and objective measures of singing ability.

For the third research question, to compare the task
performances of the web-based sample with relevant
studies canvassed from the literature search, random-
effects meta-analyses (DerSimonian Laird method)
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TABLE 4. Description of Previous Studies Using Comparable Populations and Accuracy Measures for a Single Pitch-matching Task.

Pitch Deviation [M (SD) cents]

Mean age
Study N Sample description (range)  Stimuli Musicians Nonmusicians All
Murry (1990) 10 5 experienced singers (mean 27.4 Sine tones 102.00 326.00 214.00
professional experience = 6 (25-33) (46.00)°  (259.00)° (211.40)*
years); 5 nonmusicians

Amir, Amir, & 26 13 musicians (mean years of 26 Sine tones  46.40 193.20 119.79
Kishon-Rabin playing =13) and 13 (20-34) (52.90)°  (257.30)° (196.80)*
(2003) nonmusicians

He & Zhang 32 University poor-pitch singers 23.3 Sine tones - - 184.00
(2017) with intact pitch perception (18-31) (116.00)

(mostly nonmusicians)

Watts & Hall 19 University female students 20-35  Violin - - 98.00
(2008) (nonmusicians) (28.00)°

Watts, Moore, & 21 University students 19-35  Synthesized - - 159.50
McCaghren (nonmusicians) piano (102.30)*
(2005) tones

Estis, Dean- 40 20 trained singers (> 3 years 23.1 Synthesized  12.50 168.40 90.42
Claytor, formal singing training); 20 (19-32) piano (5.70) (172.00) (143.71)*
Moore, & controls (no singing training) tones
Rowell (2011)

Greenspon & 216 University students (not selected NA Piano tones - - 102.18
Pfordresher for music training) (132.10)¢
(2019)

Moore, Keaton, 30 University students 20-30  Synthesized - - 112.13
& Watts (2007) (nonmusicians) complex (128.62)°

tones

Moore, Estis, 20 University students (no singing 20-30  Synthesized - - 70.65
Gordon- training) non-vocal (1 15.84)b
Hickey, & complex
Watts (2008) tones

Estis, Coblentz, 32 10 trained singers (mean training 23.1 Synthesized  16.00 47.20 37.44
& Moore = 6.15 years); 22 untrained (20-30) complex  (6.00)° (52.60)° (45.86)*
(2009) singers tones

Lévéque, 32 General public (18 self-reported 21-51 Synthesized - - 72.75
Giovanni, & poor singers) voice-like (87.91)*
Schon (2011) complex

tones

Berkowska & 50 University students (mostly 25.1 Synthesized - - 140.20
Dalla Bella nonmusicians) (19-39) voice-like (143.40)
(2013) complex

tones

Pfordresher & 78 University students NA Vocaloid - - 63.32

Brown (2007) (nonmusicians) (107.56)d

(continued)
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Pitch Deviation [M (SD) cents]

Mean age

Study N Sample description (range)  Stimuli Musicians Nonmusicians All

Pfordresher & 136 University students (not selected 19 Vocaloid - - 176.72
Halpern for music training) (18-27) (122.41)¢
(2013)

Wise & Sloboda 29 University students (12 self- 19.3 Voice model - - 24.14
(2008) reported “tone-deafness”); (18-24) (16.48)°

mean years of music
involvement = 3.5(4.3)

Zarate, 19 University students 22 Voice model - - 30.34
Delhommeau, (nonmusicians) (17.6-26.4) (17.74)%
Wood, &

Zatorre (2010)

Hutchins, 22 University students 23 Participant’s - - 38.00
Larrouy- (nonmusicians) (18-30) own voice (4.83)
Maestri, &

Peretz (2014)

* Computed using formulae (e.g., for combining two or more groups, or to estimate SD from SE or from range). " Computed from raw data. © Good-faith estimates from plots.

4 Obtained through personal communication with study authors.

were performed using Open Meta-Analyst (Wallace,
Schmid, Lau, & Trikalinos, 2009), conducting one anal-
ysis for each task variable. A random-effects model was
chosen over fixed-effects because this takes into account
both within-study sampling error and between-study
variance to explain the overall variability in study
results. This approach was appropriate here as there was
evidence of heterogeneity among studies that could not
be readily explained by methodological or participant
sample differences (Deeks et al., 2011).

For those studies that comprised samples of both
expert musicians and nonmusician controls, the samples
were combined to obtain a pooled estimate of the mean
and standard deviation of task performance for the sub-
sequent meta-analysis. Combining the samples served to
maximize the comparability with the current study’s
web-based sample, which comprised participants with
music training and nonmusicians. It is also the case that
studies varied considerably in their definition of musi-
cianship, thereby precluding reliable comparison of
musicians and nonmusicians in the meta-analyses. All
study results were extracted and converted to the desired
format (e.g., deriving pooled estimates or converting
from standard error to standard deviation) following the
guidelines from the Cochrane Handbook for Systematic
Reviews of Intervention (Higgins & Green, 2011).

Thus, the overall estimated mean and standard devi-
ation derived from each meta-analysis reflect how well
a singing task was generally performed regardless of
variation in participant pool and task conditions. These
values were then compared with the mean and standard

deviation of the corresponding task variable from the
current online study using an independent ¢-test with
summary statistics in R (via the tsum.test function from
the BSDA package).

Results

INTERNAL CONSISTENCY AND TEST-RETEST RELIABILITY OF THE
ONLINE TOOL

Opverall, the internal consistency of the online tool for
the web-based and laboratory-based samples was high,
with Cronbach’s o = .90 and o = .86, respectively.
When the internal consistency of the singing tasks was
considered separately, Cronbach’s o for the web- and
laboratory-based samples were .92 and .83, respectively.
These values demonstrate that irrespective of the sam-
ple, there was high internal consistency across all sing-
ing tasks, even when a music perception task (Match
The Note) was included.

The o values were corroborated by the significant
Pearson correlation coefficients found across all task
measures (Table 8), with moderate to large positive
effect sizes in both web-based and laboratory-based
samples (r = .33-.96). The largest correlations
occurred between the PD and ID scores for a given
task, which were similar across the two samples (r =
.88-.89 for Happy Birthday and r = .94-.96 for Sing
The Tune). In addition, the correlations between the
perceptual and vocal single-pitch matching tasks
(i.e., Match The Note and Sing The Note) were also
similar for the two samples (r = .50 and .52).
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TABLE 5. Description of Previous Studies Using Comparable Populations and Accuracy Measures for Tune Imitation Tasks

Pitch Interval
Deviation Deviation
Mean age M (SD) M (SD)
Study N Sample description (range) Stimuli cents cents
Price (2000) 141 University students (non-music majors) NA Two-note stimuli 37.41 -
(voice and sine (45.00)
tones)

Granot, Israel-Kolatt, 18 Nonmusicians who question their singing 34.6 Two-note piano  184.40 172.90
Gilboa, & Kolatt ability (17-55) stimuli (185.39)*  (155.90)
(2013)

Yang et al. (2014) 12 University students (nonmusicians) 22.5 Three-note piano - 140.00

(19-26) stimuli (70.00)

Greenspon, 20 Mostly university students with a mean of 20.8 Three- to four-  109.90 -
Pfordresher, & 3.1 years of music training (18-30) note vocaloid  (106.60)*

Halpern (2017) stimuli

Pfordresher and 78 University students (nonmusicians) NA Four-note 122.24 141.07
Brown (2007) vocaloid (87.72)¢  (75.34)

stimuli

Pfordresher & Brown 24 University students with little or no music 20 Four-note 107.52 -
(2009) training (17-39) vocaloid (29.49)*

stimuli

Greenspon & 216 University students (Not selected for music NA Four-note voice ~ 84.31 -
Pfordresher (2019) training) stimuli (93.32)¢

Pfordresher, Brown, 45 University students (mostly nonmusicians) 20.5 Five-note 54.80 -
Meier, Belyk, & (17-31) vocaloid (87.88)*

Liotti (2010) stimuli

Belyk, Johnson, & 34 Not selected for music training (2-15 years 21 Five-note 166.16 128.06
Kot (2018) of formal music training) (18-29) vocaloid (156.67)>  (85.67)°

stimuli

Wise & Sloboda 29 University students (12 self-reported “tone- 19.3 Five-note voice ~ 55.09 -
(2008) deafness”); mean years of music (18-24) stimuli (43.22)°

involvement = 3.5(4.3)
Zarate et al. (2010) 19 University students (nonmusicians) 22 Five-note voice =~ 74.04 44.76
(17.6-26.4)  stimuli (65.75)*  (31.19)

Berkowska & Dalla 50 University students (mostly nonmusicians) 25.1 Six-note voice-  126.40 -

Bella (2013) (19-39) like complex (145.10)

tone stimuli

* Computed using formulas (e.g., for combining two or more groups, or to estimate SD from SE or from range).  Computed from raw data.  Good-faith estimates from plots.
4 Obtained through personal communication with study authors.

However, while Sing The Note was observed to have
strong correlations with the other two singing tasks
in the web-based sample (r = .64. -.74), in the lab-
oratory sample the correlations were moderate (r =
.33-.49). In contrast, Match The Note was observed
to have stronger correlations with the singing tasks

in the laboratory sample (r = .50-.63) than in the
web-based sample (r = .40-.53).

As shown in Table 9, the test-retest reliabilities for the
66 web-based participants who repeated the online test
ranged from .65 (Happy Birthday PD and ID) to .80
(Sing The Tune PD).
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TABLE 6. Description of Previous Studies Using Comparable Populations and Accuracy Measures (ID) for Familiar Song Tasks

Interval
Mean Deviation
age M (SD)

Study N Sample description (range) Stimuli cents

Pfordresher & Brown 46 University students with little or no 21.9  Happy Birthday (unpaced and with 111.57
(2009) musical training lyrics) (50.64)*

Hutchins, Larrouy- 22 University students (nonmusicians) 23 Happy Birthday (unpaced and with 45.00
Maestri, & Peretz (18-30)  lyrics) (23.08)
(2014)

Larrouy-Maestri, 166 General public (not selected for music ~ 29.9  Happy Birthday (unpaced and with 55.97
Lévéque, Schon, training) (14-76)  lyrics) (48.21)¢
Giovanni, &

Morsomme (2013)

Larrouy-Maestri & 63 Female (nonmusicians) 29.8  Happy Birthday (unpaced and with 50.83
Morsomme (2014) (15-75)  lyrics) (26.11)

Erdemir & Rieser 42 University students (12 singers, 12 22.7  Happy Birthday (unpaced and with 37.14
(2016) instrumentalists, 18 nonmusicians) (18-29)  lyrics) (11.96)*¢

Dalla Bella, Giguere, & 62 General public (not selected for music ~ 35.8  Gens du Pay (unpaced and with 80.32
Peretz (2007) training) (18-75)  lyrics) (60.38)*

Tremblay-Champoux, 21 11 Controls for congenital amusia 448  Gens du Pay (unpaced and with 103.33
Dalla Bella, participants and 10 French lyrics) (51.01)*
Phillips-Silver, University exchange students (mean
Lebrun, & Peretz years of training = 1.31 years)

(2010)

Dalla Bella, Giguere, & 11 Control group for congenital amusia 56  Gens du Pay (neutral syllables and 50.00
Peretz (2009) participants unpaced) (14.72)*

Berkowska & Dalla 50 University students (mostly 25.1  Three familiar songs: Brother John, 44.20
Bella (2013) nonmusicians) (19-39)  Jingle Bells and Stolat (neutral (19.70)

syllables and paced)

Dai, Mauch, & Dixon 39 University students (mostly amateur 23.3  Three familiar songs from The Sound 34.00
(2015) musicians or singers from (20-27)  of Music: Edelweiss, Do-Re-Mi and (46.00)

university’s music society)

My Favourite Things (neutral
syllables and paced)

* Computed using formulas (e.g., for combining two or more groups, or to estimate SD from SE or from range).  Computed from raw data.  Good-faith estimates from plots.

4 Obtained through personal communication with study authors.

TASK PERFORMANCE AND CONVERGENT VALIDITY OF THE WEB- AND
LABORATORY-BASED SAMPLES

General linear models revealed no main effect of sample
for Happy Birthday PD, F(1, 292) = 2.87, p =.09, Happy
Birthday 1D, F(1,292) = 2.66, p = .10, and Match The Note
PD, F(1, 298) = 0.26, p = .61. In contrast, a significant
main effect of group was found for the singing imi-
tation tasks: Sing The Note PD, F(1, 293) = 4.26, p =
.04, Sing The Tune PD, F(1, 293) = 6.54, p = .01, and
Sing The Tune ID, F(1, 293) = 3.99, p = .047, with
the laboratory-based sample performing significantly

better than the web-based sample, albeit with small
effect sizes (partial > =.01-.02, see Tables S3 to S5
in Supplementary Materials at online.ucpress.edu/
mp). Although significant group effects were found,
Levene’s tests showed that the assumption of equality
of residual variances between the groups was violated
for Sing The Note PD, F(1, 299) = 4.38, p = .037,
and Sing The Tune PD, F(1, 299) = 4.01, p = .046,
hence the significant findings warranted further
investigation. Overall, no significant interaction
effects were observed in any of the general linear
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TABLE 7. Performance of the Web-based and Laboratory-based Samples (in Cents) for the Singing and Music Tasks Prior to Transformation

Task measure Sample Mean (SD) Median Range Skewness Kurtosis
MatchTheNote PD Web 36.62 (52.89) 14.52 1.87-487.30 3.71 21.56
Lab 33.94 (48.57) 14.70 2.64-220.22 2.72 7.18
SingTheNote PD Web 86.31 (116.61) 28.52 5.88-504.28 1.77 2.09
Lab 63.29 (94.64) 24.81 8.75-424.46 2.59 6.76
SingTheTune PD Web 103.41 (121.95) 56.06 9.92-715.29 2.55 7.39
Lab 58.39 (55.13) 39.65 13.75-323.54 2.94 11.08
SingTheTune ID Web 97.33 (80.02) 69.06 10.75-519.23 1.43 2.43
Lab 67.12 (54.26) 48.38 13.99-238.34 1.44 1.53
HappyBirthday PD Web 68.78 (67.08) 41.31 10.84-591.91 2.94 14.33
Lab 56.86 (48.42) 37.57 15.26-222.92 2.06 4.22
HappyBirthday ID Web 52.57 (39.92) 41.02 12.16-366.59 3.84 24.03
Lab 48.92 (30.34) 37.06 14.03-127.46 1.33 0.95

models, but main effects of years of music training,
sex, or age were present in one or more of the mod-
els (see Tables S2 to S7 in Supplementary Materials at
online.ucpress.edu/mp).

As a post hoc analysis, we conducted propensity score
matching (PSM) analysis to generate two subsets of web-
based and laboratory-based samples that were well-
matched on the three covariates (i.e., age, sex, years of
music training) to facilitate unbiased comparison
between the two samples. After propensity scores were
estimated using logistic regression, a 1:1 nearest-
neighbor matching algorithm was employed to match
a laboratory-based participant with a web-based partic-
ipant with the most similar estimated propensity score,
using a caliper (the maximum allowable difference
between matched participants) of 0.25 SD. The PSM
analysis was performed using Propensity Score Match-
ing for SPSS (version 3.0.4), an SPSS R-menu developed
by Thoemmes (2012). The matching process resulted in
two subsamples each with 41 participants and dependent

t-tests revealed that they did not differ significantly in age
and years of music training (see Table S8 in Supplemen-
tary Materials at online.ucpress.edu/mp). A chi-square
test of independence also confirmed that there was no
significant difference in the proportions of males (9.8%)
and females (90.2%) in the two subsamples, x*(1) = .00,
p = 1.00. This demonstrates the suitability of using
dependent t-tests to compare the two subsamples on the
imitative singing tasks. No significant differences were
found between the matched participants from the two
subsamples on all three task measures (p > .05, Table 10).
Subsequent comparisons for the other singing and music
tasks also showed no significant differences in task per-
formance, confirming the broader set of findings from
the general linear models (p > .05, Table 10).
Significant correlations between self-reported singing
ability and the singing task measures were observed
after partialling out the effects of sex, age and years of
music training (r = -.31 to -.59, Table 11). In both
samples, the highest correlation was observed between

TABLE 8. Pearson Correlation Coefficients Between the Task Measures

MatchTheNote SingTheNote SingTheTune SingTheTune HappyBirthday HappyBirthday

PD PD D ID PD ID
MatchTheNote PD 52 52%* 53 40** 43
SingTheNote PD .50 T4 .65** .66** .64
SingTheTune PD 63 49%* 94%¢ 75%¢ T4
SingTheTune ID 57 33% 96%¢ Vh bt 724
HappyBirthday PD 60** 42 59%* 56%* .89+
HappyBirthday ID S A40%% .50%% AT .88%*

Values above the diagonal belong to the web-based sample and the values below the diagonal belong to the laboratory-based sample. *p < .05; **p < .01



TABLE 9. Test-retest Reliability of the Singing Task Measures (n =
66).

Test-retest reliability
(Intraclass correlation)

SingTheNote PD .79 (.67, .87]
SingTheTune PD .80 [.67, .88]
SingTheTune ID 71 [.49, .83]
HappyBirthday PD .65 [.49, .77]
HappyBirthday ID .65 [.49, .77]

Values in brackets are the 95% confidence intervals.

self-rated singing ability and Sing The Tune PD (r = .55
and -.59). The correlation trends for the other tasks
were somewhat different. In the web-based sample, the
correlations between the singing task measures and self-
rated singing ability tended to be high and of similar
magnitude (r = -.47 to -.55), whereas in the laboratory-
based sample the correlations were strongest for Sing
The Tune (r = -.59 and -.57), followed by Happy
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Birthday (r = -.52 and -.39), with a relatively weaker
correlation for Sing The Note (r = -.31).

Different-sized correlations were also observed
between self-rated singing ability and pitch perception
ability (as measured by Match The Note) in both sam-
ples. A low correlation (r =-.14) between self-rated
singing ability and Match The Note was observed in the
web-based sample, which was reasonable as one would
expect the correlations between self-rated singing ability
and the singing tasks to be higher. In contrast, however,
the correlation between self-rated singing ability and
Match The Note was fairly large (r = -.48) in the
laboratory-based sample, and higher than the correla-
tions with Sing The Note PD (r = -.31) and Happy
Birthday ID (r = -.39).

COMPARING THE ONLINE SINGING TOOL TO PREVIOUS RESEARCH
The forest plots derived from the principal meta-
analyses of the relevant published singing research for
the single pitch-matching task (PD), tune imitation (PD
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FIGURE 3. Forest plots of comparable published singing studies using similar singing task measures and populations as the current study. (a) Studies
that used a single pitch matching task. (b) Studies that used tune imitation tasks (PD). (c) Studies that used tune imitation tasks (ID). (d) Studies that
used familiar song singing tasks (ID). Each horizontal line on a forest plot represents an individual study with the result plotted as a box and the 95%
confidence interval of the result displayed as the line. The bigger the study, the smaller the horizontal line and bigger the black box representing the
point estimate. The diamond at the bottom of the forest plot shows the result when all the individual studies are combined together and averaged. The
horizontal points of the diamond are the limits of the 95% confidence intervals and the vertical axis of the diamond represents the point estimate of

the averaged studies.
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TABLE 10. Results of Dependent t-tests and Descriptive Statistics for Task Performances from Matched Participants From Web-based and

Laboratory-based Samples

Web-based Laboratory-based
Measure N M (SD) N* M (SD) df t p r
MatchTheNote PD 41 25.51 (30.71) 41 33.85 (44.65) 40 -1.05 .30 .16
SingTheNote PD 40 102.26 (130.29) 40 65.45 (101.30) 39 1.32 .20 21
SingTheTune PD 40 110.66 (133.87) 40 62.93 (59.72) 39 1.89 .07 .29
SingTheTune ID 40 98.52 (78.78) 40 71.14 (56.27) 39 1.59 12 25
HappyBirthday PD 39 81.32 (76.28) 39 53.21 (45.66) 38 1.32 19 21
HappyBirthday ID 39 52.01 (31.48) 39 50.92 (30.16) 38 0.18 .86 .03

*N varied from task to task due to missing data from participants as a result of incompletion or end user technical issues.

TABLE 11. Partial Correlations Between the Task Measures and Self-rated Singing Ability (Controlled for Sex, Age, and Years of Music

Training)

Self-rated singing ability

Web-based sample (n = 285)

Lab-based sample (n = 52)

MatchTheNote PD -.14*

SingTheNote PD - 47
SingTheTune PD -.55%*
SingTheTune ID -51%
HappyBirthday PD -.52%%
HappyBirthday ID -51%*

-48%*
-31%

-.59%*
=57
=52
-39

*p <.05; *p < .01

TABLE 12. Results of Independent t-tests and Descriptive Statistics for Task Performances from Relevant Previous Research and Current

Study

Past studies Current study
Measure N M (SD) N* M (SD) df t p r
Single pitch matching (PD) 812 91.80 (254.96) 279 86.31 (116.61) 1008.60 -0.48 .63 .02
Tune imitation (PD) 675 94.66 (318.81) 274 103.41 (121.95) 944.50 0.61 .54 .02
Tune imitation (ID) 161 122.14 (346.05) 274 97.33 (80.02) 170.11 -0.90 37 .07
Familiar song (ID) 522 5926 (124.18) 279 52.57 (39.92) 69337  -1.13 26 .04

*N of web-based sample varied from task to task due to missing data from participants as a result of incompletion or end user technical issues.

and ID) and familiar song singing (ID) are shown in
Figure 3, panels (a) to (d). For each study represented in
the forest plot, the square box shows the mean deviation
(in cents) and the horizontal line through the box illus-
trates the length of the confidence interval. The dia-
mond at the bottom of each forest plot shows the
pooled estimate across the studies that used similar
singing tasks (Tables S9 to S12 in the Supplementary
Materials at online.ucpress.edu/mp contain detailed sta-
tistics of the meta-analyses).

It is evident from the forest plots that for each
singing task, there was substantial heterogeneity in
task performance across studies. This is corroborated

by the significant chi-squared tests (p < .01) and the I*
statistic (Tables S9 - S12), which describes the percent-
age of variability in effect estimates that is due to
heterogeneity rather than sampling error (Deeks
et al., 2011). The I statistics of all four measures were
between 94% to 97%.

When we cross-referenced the forest plots with the
sample and task characteristics from Tables 4 to 6, it
became evident that the observed heterogeneity did
not necessarily stem from differences in participant
samples or task demands. For instance, Murry
(1990) and Amir, Amir, and Kishon-Rabin (2003)
both used sine tones as stimuli in the single pitch-



matching task and half of their sample comprised
experienced singers or expert musicians with a similar
age range (Table 4). The pooled PD estimate (214
cents) of Murry (1990), however, was substantially
higher than the PD estimate (119.8 cents) from Amir
et al. (2003). Similarly, Pfordresher and Brown (2007),
Pfordresher and Brown (2009) and Greenspon and
Pfordresher (2019) assessed the singing ability of uni-
versity students who were mostly nonmusicians using
a tune imitation task with four-note vocaloid stimuli
(Table 5). Participants from the third study (mean PD
= 84.31 cents) were comparatively more accurate than
the first two studies (mean PD = 122.24 cents and
107.52 cents, respectively). Intriguingly, the sample
from Pfordresher et al. (2010) who imitated five-
note vocaloid stimuli were much more accurate (mean
PD = 54.80 cents) than the samples from the three
aforementioned studies, who imitated four-note tunes.
Finally, Pfordresher and Brown (2009) and Hutchins,
Larrouy-Maestri, and Peretz (2014) both tested the
ability of university students without music training
to sing Happy Birthday (Table 6) and despite the sim-
ilarity in demographics, music training and singing
condition, the mean ID of the two studies were vastly
different (111.57 cents vs. 45 cents).

Independent t-tests revealed no significant differences
between the pooled mean estimates from the meta-
analyses and those from the current study’s web-based
sample for the four singing tasks, p > .05 for all compar-
isons (Table 12). Furthermore, it can be observed from
Table 12 that apart from tune imitation ID, the pooled
mean estimates from previous studies and the corre-
sponding means from the current study for the remain-
ing three tasks only differed by 5-9 cents. Notably, these
three pooled mean estimates were derived from consid-
erably more studies and participants (10-17 studies; N
= 522-812) than the estimate for tune imitation ID (5
studies, N = 161).

Discussion

The main aim of our study was to investigate whether
singing ability could be robustly assessed in a web-based
environment. Overall, our results provide strong evi-
dence for the reliability and validity of our online assess-
ment tool in testing singing and music ability beyond
a controlled laboratory environment.

The high Cronbach alpha values for all of the tasks in
the web-based and laboratory samples (o0 =.83-.92) sup-
port the internal consistency of the online singing tool. In
particular, the values for the web-based sample fell within
the excellent range (> .90) and were highest when the
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singing tasks were considered separately (.92). Thus, the
findings indicate that the singing tasks were tapping the
same underlying construct (i.e., singing ability).

The test-retest reliability of the singing tasks, which
ranged from .65 to .80, is similarly high. Based on the
guidelines recommended by Cicchetti (1994) for evalu-
ating psychological assessment tools, intraclass correla-
tions below .40 are considered poor, those between .49-
.59 are fair, those between .60-.74 are good, and those
between .75-1.00 are excellent. The online singing task
measures thus demonstrated good to excellent test-
retest reliability, which is noteworthy, especially given
the average timeframe between test and retest was
approximately 4.5 years. The long test-retest time inter-
val could have resulted in real changes in a participant’s
singing ability, for instance from improvement due to
further training or deterioration due to changes in vocal,
neurological or hearing conditions. Given this, the high
test-retest reliability estimates provide strong evidence
of the stability of performance-based singing ability
over time. Moreover, the long timeframe minimized
possible carryover effects due to memory or practice
effects, giving further credence to the test-retest reliabil-
ity of the singing tasks.

Although GLM revealed significantly worse Sing The
Note and Sing The Tune task performance for web-based
participants compared to laboratory-based participants,
the violation of the homogeneity of residual variances in
these measures threw the significant findings into ques-
tion. Through PSM, two subsamples of web-based and
laboratory-based participants well-matched on age, sex,
and years of music training were created, allowing unbi-
ased between-group comparison. Dependent ¢-tests
revealed that the two matched subsamples did not per-
form significantly different in all of the music and singing
tasks, demonstrating that the online singing tool remains
robust in a web-based setting.

The singing task measures were correlated with self-
reported singing ability with moderate to large effect
sizes. The significant correlations between self-report
and performance-based measures potentially add
weight to the convergent validity of the online singing
tool (although we note that some past research has
observed a dissociation between self-assessed and
objectively-measured singing ability, e.g., Pfordresher
& Brown, 2007; Pfordresher & Demorest, 2020b). Fur-
thermore, in both samples, larger correlations were
observed for tasks involving singing novel or familiar
tunes (i.e., Sing The Tune and Happy Birthday) than for
Sing The Note. This suggests that a single-pitch imita-
tion task alone may be too elementary to provide ade-
quate construct validity for singing ability and is thus
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insufficient to be a representative measure of singing
ability in real-world settings.

Finally, our online singing tool showed comparable
task performances between our web-based sample and
those pooled from 31 past studies using similar
laboratory-based singing tasks. Of note, there was con-
siderable heterogeneity in task performance in the pre-
vious studies, even when similar stimuli were used in
samples with similar characteristics (predominantly
university students without formal music training). It
is likely that this heterogeneity reflects inherent individ-
ual differences in singing ability that has been previ-
ously documented by Watts and colleagues (Watts,
Moore, & McCaghren, 2005; Watts, Murphy, &
Barnes-Burroughs, 2003). Despite this heterogeneity,
the pooled mean estimates obtained from the meta-
analyses for most of the task measures were highly con-
sistent with the corresponding task measures from the
web-based sample, providing further evidence of the
robustness of the online singing tool.

A limitation of our study related to the differences
in age, sex, and years of music training of the web-
based and laboratory-based samples, which posed
challenges in determining whether the testing envi-
ronment has an effect on task performance. Through
the use of PSM to obtain matched subsamples of web-
based and laboratory-based participants to facilitate
unbiased group comparison, this limitation was partly
mitigated in the present study. This particular limita-
tion also highlighted a prevalent phenomenon in psy-
chology research that laboratory-based samples
usually constitute a convenience sample of university
students (often psychology) who are somewhat con-
strained in age and other demographic features (Hen-
rich, Heine, & Norenzayan, 2010). In contrast, an
increasing percentage of the world population now has
access to the internet, allowing online samples to
reflect greater diversity in demographics, with
improved external validity. This supports the merits
of conducting online assessments, with larger and
more diverse samples to allow researchers to arrive
at more robust and externally valid estimates of sing-
ing ability for a range of singing tasks.

Conclusion

In this article, we demonstrated the robustness of an
online singing tool that exhibited high internal con-
sistency, good test-retest reliability and moderate-to-
high correlations with self-reported singing ability.
Comparison of matched samples of participants also

showed no significant difference in task performance
for those who completed the online tool in a web-
based as compared to a controlled laboratory setting.
Comparison of the web-based sample’s task perfor-
mance with previously published findings of similar
singing tasks in comparable populations also revealed
no significant differences. Our findings therefore pro-
vide good initial evidence of the efficacy of our online
singing tool in conducting robust singing assessment
in a web-based environment.

Author Note

With the impending phasing out of Adobe Flash in
2020, our online singing tool has been redeveloped as
an HTML5 web application which can be run on most
platforms (Windows, Macintosh, Linux, Android, and
iOS) and most browsers (Google Chrome, Mozilla
Firefox, Internet Edge, and mobile Safari) using
mobile devices or computers. To our knowledge, our
online singing tool is the only web-based tool of its
kind with extensive cross-platform capability. A public
version of our online singing tool can be accessed
from: http://go.unimelb.edu.au/h6aj. Researchers who
are interested in using the online singing tool can
contact Professor Sarah Wilson at sarahw@unimelb.
edu.au.
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