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This article presents a critical survey of the prevalent usage of the Montreal Battery of
Evaluation of Amusia (MBEA; Peretz et al., 2003) to assess congenital amusia, a neurodevelopmental disorder that has been claimed to be present in 4% of the population
(Kalmus and Fry, 1980). It reviews and discusses the current usage of the MBEA in
relation to cut-off scores, number of used subtests, manner of testing, and employed
statistics, as these vary in the literature. Furthermore, data are presented from a largescale experiment with 228 German undergraduate students who were assessed with
the MBEA and a comprehensive questionnaire. This experiment tested the difference
between scores that were obtained in a web-based study (at participants’ homes)
and those obtained under laboratory conditions with a computerized version of the
MBEA. In addition to traditional statistical procedures, the data were evaluated using
Signal Detection Theory (SDT; Green and Swets, 1966), taking into consideration the
individual’s ability to discriminate and their response bias. Results show that using SDT
for scoring instead of proportion correct offers a bias-free and normally distributed
measure of discrimination ability. It is also demonstrated that a diagnosis based on an
average score leads to cases of misdiagnosis. The prevalence of congenital amusia is
shown to depend highly on the statistical criterion that is applied as cut-off score and on
the number of subtests that is considered for the diagnosis. In addition, three different
subtypes of amusics were found in our sample. Lastly, significant differences between
the web-based and the laboratory group were found, giving rise to questions about the
validity of web-based experimentation.
Keywords: Congenital amusia, MBEA, SDT, web-based testing, prevelance

Introduction
Congenital amusia is a perceptual disorder that aﬀects music and speech perception. Congenital
amusics do not suﬀer from a hearing deﬁcit nor do they have any form of brain lesion (Ayotte
et al., 2002). Rather, the disorder is an innate one and the exact neural underpinnings are still
under investigation. Therefore, no neurological markers can be used to diagnose amusia. Instead,
research has revealed several behavioral markers, such as pitch perception deﬁcits and a pitch memory deﬁcit. The main tool used to diagnose amusia nowadays is the Montreal Battery of Evaluation
of Amusia (MBEA; Peretz et al., 2003), which was originally developed to conﬁrm acquired amusia
in patients with brain lesions.
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melodies they hear are the same or diﬀerent, following an AX
design. The last two subtests (meter and memory) follow a different design. In the meter subtest, 30 two-phrase sequences in
duple or triple meter are used, and the participants have to judge
whether the presented melody is a march or a waltz. The memory subtest presents again only single melodies, half of which
already occurred in the previous subtests, the other half is new,
and participants have to indicate for each melody whether they
have heard it before during the previous subtests or whether it
is new.
The MBEA was used by Peretz et al. (2003) to test 160 participants without known neurological problems, who were not
selected for musical ability. For each participant, the number of
correct responses per subtest and an average score of the six
subtests was calculated. As cut-oﬀ scores for congenital amusia, Peretz et al. (2003) propose 2 SD below the mean of the
160 participants, thus an average score below 21.6, or 76.6%, cf.
Table 1.
According to Peretz et al. (2003, p. 65), the MBEA subtests
provide a sensitive measure since less than 20% of the participants obtain perfect scores for each subtest, and only 3% of the
participants obtained a perfect score for all subtests (see Table 1
row 5), while less than 2% (three participants) had average scores
that were below 2 SD of the mean (Table 1 row 6). These average scores approximate a normal distribution, though the scores
for the individual subtests display a skew to the right. Peretz et al.
(2003) furthermore state that the MBEA displays test–retest reliability, based on a retest of 28 participants 4 months after initial
testing, though the performance of these participants improved
(p. 66).
Peretz et al. (2003) validated the MBEA with two subtests
(melody and meter) of the Musical Aptitude Proﬁle (MAP;
Gordon, 1965), a test battery widely used in North America to test
musical abilities. These two subtests, which were chosen because
they were closest in content and format to the MBEA, were
administered to 68 subjects. These participants obtained similar
levels of performance for the MBEA and the MAP, and the two
scores positively correlated (r = 0.53, p < 0.01).

In the present study, we ﬁrst describe the set-up of the MBEA
and give an overview of its current usage and limitations. Section
“Materials and Methods” presents a large-scale study that compares web-based with laboratory-based usage of the MBEA, and
evaluates the MBEA scores with data on musical performance
additionally obtained with a questionnaire. The results of this
experiment are presented in Section “Results.” A discussion of
the results is given in Section “Discussion.”

The Montreal Battery of Evaluation of
Amusia
The MBEA is a test battery developed with the main objective
of assessing the musical abilities of brain-damaged patients that
suﬀer from acquired amusia, but is nowadays used to diagnose
congenital amusia. It consists of six subtests, three of which test
melodic organization (scale, contour, and interval subtest), two
test temporal organization (rhythm and meter subtest) and one
tests melodic memory (memory subtest), based on a model of
music processing summarized by Peretz and Coltheart (2003).
All six subtests use a selection of musical phrases that were
speciﬁcally composed for this purpose according to the principles of the Western tonal system. These phrases are monophonic,
i.e., they consist of a single voice, and they last 3.8–6.4 s (mean of
5.1 s) for all but the metric test, where they are polyphonic and
twice as long (with a mean of 11 s). The procedure is the same
for the ﬁrst four subtests (scale, contour, interval, and rhythm):
The participants are presented with two practice trials and 31
experimental trials. A trial consists of a target melody and a comparison melody (thus a stimulus pair), which are separated by a
2-s silent interval. Each trial is preceded by a warning tone and
followed by a 5-s silent interval. Fifteen trials have comparison
melodies that are identical to the target melody and 15 have comparison melodies that are altered in one note with respect to the
target melody: In the scale subtest, the altered melodies violate
the key but keep the overall contour intact; in the contour subtest, they violate the contour while keeping the key intact; and
in the interval subtest, key and contour are kept intact but the
pitch interval is violated. For the rhythm subtest, the rhythmic
grouping of the comparison melody is changed by altering the
duration of two adjacent notes. In addition to those 30 trials, each
subtest contains a catch trial to ensure that the participants are
paying attention and not simply guessing. For the catch trial, the
pitch of the comparison melody was changed randomly, so that
there is a clearly noticeable diﬀerence between the two melodies.
For the ﬁrst four subtests, participants are asked whether the two

Applications and Limitations of the MBEA
Currently most studies investigating congenital amusia utilize
the MBEA, including those performed by researchers who are
not associated with Peretz’ research group (Foxton et al., 2004,
2006; Patel et al., 2005, 2008; Douglas and Bilkey, 2007; Mandell
et al., 2007; McDonald and Stewart, 2007; Loui et al., 2008, 2009,

TABLE 1 | Montreal Battery of Evaluation of Amusia (MBEA) test scores for the six subtests and average score in the study by Peretz et al. (2003, p. 66).
Scale

Contour

Interval

Rhythm

Meter

Memory

Average

Mean correct responses

27

27

26

27

26

27

27

SD

2.3

2.2

2.4

2.1

2.9

2.3

1.6

Cut-off score (mean – 2 SD)

22

22

21

23

20

22

21.6∗

73.3

73.3

70

76.7

66.7

73.3

72.2∗

Participants with perfect score (%)

17

9

7

15

14

10

3

Participants below cut off (%)

3

1

1

1

1

1

2

Cut-off in %

∗ Peretz

et al. (2003, p. 69) list an average cut-off score of 23 and a cut-off percentage of 78%, which is probably due to a rounding error (see Wise, 2009, p. 115).
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Several large-scale studies using all six subtests of the MBEA
employ cut-oﬀ scores that are based on the means they obtain for
their own participants. Cuddy et al.’s (2005) 100 control participants (subjects who reported not to be tone deaf) achieved lower
mean correct responses than the control group by Peretz et al.
(2003; 87% compared to 91%). As a result, Cuddy et al. (2005)
set their cut-oﬀ scores at 2 SD below the mean of their controls,
thus at 72%, resulting in 3–5% of the participants being diagnosed
as amusic (as opposed to 18% with Peretz et al.’s (2003) cut-oﬀ
scores). These scores are much lower than the ones obtained by
Peretz et al. (2003), with the exception of the score for the memory test, see Table 2 rows 1 and 2 compared to the last two rows.
Wise (2009), who uses 24 test items per subtest instead of 30, also
employs cut-oﬀ scores that lie 2 SD below the means of her own
24 controls (participants without self-reported problems in music
perception and performance). These scores were mostly lower
than the ones used by Peretz et al. (2003), cf. Table 2 rows 3 and 4.
In a study on the presence of amusia in native speakers of a tone
language, Nan et al. (2010) tested 117 Mandarin speakers with
no self-declared musical problems. Their cut-oﬀ scores are also
given in Table 2 (rows 5 and 6). These percentages are comparable to the ones by Wise’s control participants (though markedly
lower for the meter subtest) and thus also lower than the original
scores proposed by Peretz et al. (2003).
Almost all studies use average cut-oﬀ scores to diagnose amusics, i.e., the performance on an individual subtest does not
matter as much, especially when six subtests are used. An example for this is the study by Ayotte et al. (2002), where the average
score of every amusic is 3 SD below the mean of the controls, but
when considered on individual subtests, none of the 11 amusics
failed all the subtests and some scored below the cut-oﬀ for only
two subtests.
The practice of adding up all correct responses to calculate a score for the MBEA is criticized by Henry and McAuley
(2013), as it might misdiagnose people as amusics who have a
large response bias but normal discriminatory abilities. They propose the use of Signal Detection Theory (SDT; Green and Swets,
1966; Macmillan and Creelman, 2005), which is a psychophysical
approach to measuring performance that takes into account the
individual’s response bias and their ability to discriminate, both
important considerations for testing a population with a perceptual deﬁcit. Henry and McAuley (2013) compare the performance

2011; Nguyen et al., 2009; Tillmann et al., 2009, 2011a,b, 2012;
Wise, 2009; Jiang et al., 2010, 2012a,b, 2013; Liu et al., 2010,
2012a,b, 2013; Williamson and Stewart, 2010; Williamson et al.,
2010, 2011, 2012; Omigie and Stewart, 2011; Hamann et al., 2012;
Loui and Schlaug, 2012; Omigie et al., 2012a,b, 2013; Thompson
et al., 2012; Albouy et al., 2013a,b; Launay et al., 2014; Pfeifer and
Hamann, 2014).
The actual application of the MBEA diﬀers in terms of number
of subtests, items, and cut-oﬀ scores that are employed, in their
mode of testing (web-based or in the laboratory) with or without
additional questionnaire, in their predictions on the prevalence of
amusia, and in whether they diﬀerentiate subtypes of amusia. In
the following subsections, we summarize and discuss the diﬀerent
usages found in the literature.

Scoring and Subtests
All studies testing congenital amusia calculate a score based on
the sum of correct answers without distinguishing between different types of stimuli or answer categories. They usually also
calculate an average score but include diﬀerent numbers of subtests.
Isabelle Peretz and her colleagues use all six subtests of the
MBEA (Hyde and Peretz, 2003, 2004; Peretz et al., 2005, 2007,
2008, 2009, 2012; Hyde et al., 2006, 2007, 2011; Moreau et al.,
2009; Hutchins et al., 2010a,b; Nan et al., 2010; Cousineau et al.,
2012; Mignault Goulet et al., 2012; Hutchins and Peretz, 2013;
Moreau et al., 2013; Phillips-Silver et al., 2013) use all six subtests of the MBEA. These studies use the scores by Peretz et al.
(2003) as cut-oﬀ score. In the early studies by Ayotte et al.
(2002) and Peretz et al. (2002) a cut-oﬀ score of 3 SD below
mean was used. As already pointed out by Wise (2009, p. 43),
it is not clear why this change from 3 to 2 SD was made,
but it resulted in more people being assessed as having amusia.
The research group led by Lauren Stewart and her colleagues
uses only the ﬁrst four subtests of the MBEA and calculates
the sum of the ﬁrst three, pitch-based, subtests (McDonald and
Stewart, 2007; Liu et al., 2010, 2012a, 2013; Williamson and
Stewart, 2010; Williamson et al., 2010, 2011, 2012; Omigie and
Stewart, 2011; Omigie et al., 2012a,b, 2013; Thompson et al.,
2012). As cut-oﬀ score, they use 65 out of 90 correct answers on
the ﬁrst three subtests (72% correct).

TABLE 2 | MBEA cut-off scores for the six subtests and the average score by control subjects in the large-scale studies by Cuddy et al. (2005),
Wise (2009), Nan et al. (2010) and Peretz et al. (2003) (for comparison).
Source
Cuddy et al. (2005) N = 100
Wise (2009) N = 24
Nan et al. (2010) N = 117
Peretz et al. (2003) N = 160

Scale

Contour

Interval

Rhythm

Meter

Memory

Average
21.5

Cut-off scores

20.1

19.4

18.6

20.2

15.1

22.7

Cut-off (%)

67.0

64.7

62.0

67.3

50.3

75.7

71.7

Cut-off scores

21.5

19.7

19.8

23.2

19.4

20.8

22.4

Cut-off (%)

71.5

65.7

66.1

77.4

64.6

69.3

74.6

Cut-off scores

19.3

20.9

17.7

22.0

16.2

21.5

21.5

Cut-off (%)

64.2

69.6

59.0

73.3

53.9

71.8

71.7

22

22

21

23

20

22

21.6

73.3

73.3

70

76.7

66.7

73.3

72.2

Cut-off scores
Cut-off (%)

Not all studies provided cut-off scores both in absolute numbers and in percentage, the missing data were calculated by the present authors.
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A discrepancy between web-based results and laboratory
results has often been observed in psychological research. Krantz
and Dalal (2000) comment that this does not demonstrate a lack
of validity of web-based experiments, since most variables seem
not to be inﬂuenced by varying environments. However, they also
point out that auditory research is an exception to this observation as a stable and quiet environment is crucial for the success of
this type of experiment. For the assessment of amusia with a webbased version of the MBEA, this could mean severe misdiagnoses
of participants.

of participants who completed the standard MBEA with the performance of participants who additionally had to rate how conﬁdent they were of their answers. With these conﬁdence scores,
Henry and McAuley (2013) computed SDT scores and found a
potential misclassiﬁcation of 33%.
A possible misdiagnosis of amusics could be ascribed to a high
rate in Type II error, thereby including individuals with a large
response bias who have otherwise normal perceptual abilities.
This would mean that by using SDT, a more rigorous standard
of diagnosis would be employed, leading to fewer Type II errors.
This consideration is especially important when (re-)assessing
studies that have obtained null results. It seems possible that
these studies included a large group of misdiagnosed individuals,
thereby tainting the results.
Wise (2009) and Henry and McAuley (2010) point out the negative skew in the distribution of scores on the individual subtests,
and furthermore that most studies using the MBEA apply parametric statistics without testing whether their data are normally
distributed (exceptions are Douglas and Bilkey, 2007; Provost,
2011).
Some studies use MBEA subtests for screening, which could
lead to potentially higher MBEA scores in the later testing; recall
the improved performance by participants who were retested
after 4 months in the study by Peretz et al. (2003, p. 66). Such
a potential learning eﬀect for participants screened with MBEA
subtests hinders the interpretation and cross-study comparison
of reported ﬁnal scores.
As we could see, there is no agreement on the cut-oﬀ scores
and the number of employed subtests. Both vary considerably
across studies which makes cross-study comparisons diﬃcult if
not impossible. In order to employ the MBEA as diagnostic tool,
a standardized usage would be necessary.

Use of Additional Questionnaires
In addition to testing with the MBEA, many studies report the
usage of a questionnaire pertaining to information on general
education, music education, language background, and musical
performance such as singing and dancing (Cuddy et al., 2005;
Wise, 2009; Provost, 2011). In most cases where a questionnaire
was used, it is not reported how it is analyzed in relation to the
MBEA results (e.g., Ayotte et al., 2002; Peretz et al., 2007; Liu
et al., 2012b). One of the exceptions is Peretz et al. (2008) with 101
items on demographic and music-related information. However,
only correlations between a small number of questionnaire items
(age, gender, years of education, and music training) and MBEA
test scores are reported.
Questionnaires could in principle provide valuable additional
information in the assessment of amusics with the MBEA, but
in order to evaluate their contribution more studies are required
that systematically analyze the correlation between the questions
used and the MBEA scores.

Prevalence
The MBEA is also used to estimate the prevalence of congenital amusia in the general population. Most amusia studies state
a prevalence of 4%, referring to Kalmus and Fry (1980) (e.g.
Ayotte et al., 2002; Foxton et al., 2004; Cuddy et al., 2005; Mandell
et al., 2007; Peretz et al., 2007, 2009; Liu et al., 2010, 2012b;
Tillmann et al., 2010; Williamson and Stewart, 2010; Omigie
and Stewart, 2011; Williamson et al., 2012; Omigie et al., 2013).
Kalmus and Fry (1980) introduced the Distorted Tunes Test
(DTT), consisting of 26 well-known tunes to assess congenital
amusia (or tone deafness as they called it). Incorrect notes were
inserted into 17 of these tunes. Kalmus and Fry’s (1980) criterion for the presence of amusia was the inability to detect wrong
notes in at least three out of the 17 incorrect tunes. They tested
604 adults and based on this data they estimated a prevalence
of 4.2%.
Recently, Peretz (2013) stated 2.5% as the prevalence of amusia in the general population, and added that the use of only the
MBEA scale subtest by Provost (2011) resulted in a prevalence
of 3.2%. Provost (2011) used the online study based on Peretz
et al. (2008) described in Section “Web-based versus Laboratory
Testing.” For the 1100 participants who completed the test and
ﬁtted the age and education criteria, scores were considered individually and any participant falling below the cut-oﬀ score on one
of the three subtests was considered amusic. This yielded a total
of 11.6% amusics, supporting the observation above that on-line
testing yields a higher prevalence of amusia.

Web-based versus Laboratory Testing
In recent years, web-based research has become more and more
common. While the MBEA is mostly conducted in a laboratory,
some studies on congenital amusia employ web-based MBEA
subtests for pretesting, e.g., Lauren Stewart and colleagues, who
use a web-based pretest consisting of the scale and the rhythm
subtest of the MBEA.
Peretz et al. (2008) proposed a web-based amusia test based on
the MBEA. This test consists of three conditions with a total of 72
melodies based on 12 melodies from the MBEA. The task of the
experiment was to spot incongruities that were inserted in these
melodies and not a comparison of two melodies, as in the MBEA.
In one condition, oﬀ-beat tones or silences were inserted, thereby
altering the meter of the phrase. In the other two conditions, a
mistuned note or an out-of-key note were inserted, respectively.
Peretz et al. (2008) used the MBEA, on which this test is based,
to validate it by correlating the scores on the MBEA subtests with
scores in these subtests. Similar to the MBEA, the oﬀ-beat test
is shown not to be normally distributed. The average score is
described, but not statistically shown, to be normally distributed,
while visual inspection of the provided material also reveals a
skew in the data. They also mention discrepancies between the
two tests: 19% of people diagnosed as amusic would not be
diagnosed as such with the online test.
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perception deﬁcit and rather focuses on diﬀerent pitch abilities.
This overview shows that even though there is large overlap
in the proposed subtypes of amusia, clear-cut deﬁnitions for such
subtypes are still missing. Furthermore, we can conclude that it is
advisable to use cut-oﬀ scores of single subtests instead of average scores in order to advance further research on subtypes of
amusia.

Henry and McAuley (2010, p. 414) point out that the MBEA,
just like other methods to assess the prevalence of disorders
(including dyslexia and dyscalculia), suﬀers from an arbitrary
cut-oﬀ problem and that a cut-oﬀ of 2 SD from the mean in normally distributed values (as claimed for the average score of the
MBEA) would by deﬁnition result in a 2.28% expected occurrence rate. The same criticism can be applied to the prevalence
proposed by Kalmus and Fry (1980), as their DTT shows the
same arbitrary cut-oﬀ score and lack of well-established psychometric properties (Ayotte et al., 2002; Hyde and Peretz, 2004;
Henry and McAuley, 2010). Henry and McAuley (2010) therefore
propose to include structured interviews with participants for
predictions on prevalence (see Use of Additional Questionnaires
above).

Materials and Methods
Participants
Two hundred and eighty ﬁrst year undergraduate students in
general linguistics at the Heinrich Heine University Düsseldorf
participated in our study. The participants were not preselected for the presence or absence of musical disorders
such as amusia, or speciﬁc levels of musical experience. All
participants gave informed written consent to participate in
this study and received course credit for their participation. All data were collected in accordance with the declaration of Helsinki. The participants took a hearing test and
answered a detailed questionnaire about their linguistic and
musical background (experience with and attitude to music
and dance, in performance and perception). An intelligence
test was not performed as all participants were university students and expected to have an average to high level of intelligence.
A total of 52 students were excluded from data analysis. Eight
did not have normal hearing as assessed by pure tone audiometry at 250–8000 Hz. Normal hearing was deﬁned as a mean
hearing level of 20 dB or less in both ears. Forty-ﬁve participants had a diﬀerent native language than German. In order
to keep the variance between participants as little as possible,
these participants were excluded as well. Of the remaining 228
participants, 117 completed a web-based version of the MBEA
at home and 111 a computer-implemented version in a soundattenuated booth in our laboratory. Participant details can be
found in Table 3. The last row in this Table shows that the two
participant groups did not diﬀer signiﬁcantly in their characteristics.

Subtypes of Amusia
Wise (2009) and Henry and McAuley (2010) criticize the
widespread use of average scores for the MBEA, because this
practice ignores heterogeneous behavior of participants across
the six subtests. In the study by Ayotte et al. (2002) for instance,
only the scale subtest was failed by all congenital amusics (Wise,
2009, p. 43). Wise further reports that for the rhythm and the
meter subtest, half of the participants usually pass and more than
half pass the memory subtest. At the same time, participants have
been reported who only have problems with the rhythm subtest
(Peretz et al., 2003). All this points to the existence of several subtypes of congenital amusia with a possible dissociation between
pitch- and rhythm-related deﬁcits, as already suggested by Peretz
et al. (2003, p. 70). Some studies using the MBEA introduce the
amusic subtype of beat deafness (Phillips-Silver et al., 2011) or
dysrhythmia (Launay et al., 2014). Phillips-Silver et al. (2011)
report a single case of rhythmic deﬁcits with intact pitch perception, while Launay et al. (2014) identify three such cases. The
opposite, intact rhythmic perception with impaired pitch perception, has also been reported by Phillips-Silver et al. (2013).
Reports of a subtype with rhythm deﬁcits are less frequent, possibly due to a low proportion of rhythm-related subtests in the
MBEA. Provost (2011) proposes four diﬀerent subtypes: pitchdeaf amusics, pitch-perception amusics, pitch-memory amusics,
and beat-deaf amusics. The latter classiﬁcation does not include
an amusia type that has both a pitch perception and a rhythm

TABLE 3 | Descriptive statistics and results of t-tests comparing laboratory and web-based participant characteristics.
Group

Laboratory

Age

Years of
education

Years of music
education

Handedness

Gender

Mean

22.7

14.4

5.9

101 right
7 left
3 ambidextrous

90 female
21 male

107 right
9 left
1 ambidextrous

99 female
18 male

207 right
16 left
4 ambidextrous

188 female
39 male

Range

20–35

12–23

0–12

Web-based

Mean

22.0

14.7

6.3

Range

19–36

12–22

0–17

Total

Mean

22.3

14.6

6.1

t

1.82

–1.06

–0.82

–

–

p

0.71

0.29

0.41

–

–

t-test means

t, test statistic of the independent samples t-test; p, probability value.
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of correct responses, but also employed the SDT measures d , as
a measure of sensitivity, and criterion location (c), as a measure
of participants’ response bias. Both rely on hit rate (HR) and false
alarm rate (FAR). d is equally dependent on H and FA and allows
for the fact that sensitivity should increase when H increases and
decrease when FA increases. It is calculated by subtracting the
inverse of the normal distribution functions of FA from H, converting them into a SD unit (z-scores), cf. (1), and thereby making
the measure comparable across tasks (Macmillan and Creelman,
2005). A d score of 0 means a participant is unable to discriminate between stimuli, and the higher the d score (and thus
the sensitivity), the better the participant discriminates between
stimuli.

Procedure
All participants completed the MBEA. Half of them completed
a computer-implemented version in a sound-attenuated booth,
where the stimuli were presented over AKG K 601 headphones
using Praat (Boersma and Weenink, 2011) on a Windows XP
computer. These participants could adjust the volume to a comfortable level and had unlimited time. The other half completed a
web-based version of the MBEA. This group was informed before
the experiment that they should use headphones and take the
test in a quiet environment without any distractions. The onscreen instructions for both groups were identical. For the ﬁrst
four and the sixth subtest, participants received two examples
with feedback before the beginning of each subtest. For the ﬁfth
(meter) subtest, participants received four examples, instructing
them what a march and a waltz sound like. A detailed description of the MBEA stimuli and the general procedure was given in
Section “The Montreal Battery of Evaluation of Amusia.”
The laboratory group took part in the MBEA, ﬁlled in the
questionnaire and took the hearing test in the same session, which
lasted about 70 min. The web-based group completed the MBEA
online at home. At a later point, these participants came to the
laboratory for the hearing test and to answer the questionnaire.
A test administrator was always present to answer clariﬁcation
questions about the questionnaire. At the end of the session, participants were allowed to ask questions about the nature of the
study and a couple of weeks later they were informed about the
group results.

(1) d = z(HR) – z(FAR)
(2) Criterion Location: c = –0.5·(z(HR) + z(FAR))
The second measure, c, is the participants’ response bias,
i.e., the tendency to favor one of the two possible responses
(Macmillan and Creelman, 2005) and is calculated as in (2).
Positive c values correspond to a tendency to respond ‘same’ and
negative values correspond to a tendency to respond ‘diﬀerent.’

Results
Several analyses were performed on the data. First, the results
of the web-based group and the group tested in the laboratory
were analyzed and compared. In Section “Prevalence,” the cutoﬀ scores of our sample and the prevalence that we found are
compared to the cut-oﬀ scores by Peretz et al. (2003). Section
“Subtests” discusses the use of combined subtests for our data.
Section “Scoring with Signal Detection Theory” shows the result
if SDT was applied and discusses the diﬀerences in prevalences. Resulting subgroups of amusia are discussed in Section
“Subtypes.” This is followed by an analysis of the questionnaire
items in relation to the MBEA scores in Section “Questionnaire.”

Scoring
The MBEA uses a same-diﬀerent paradigm for the ﬁrst four subtests. In such a test design, participants respond to two diﬀerent
types of trials (stimulus pairs) in two diﬀerent ways: A stimulus pair where the comparison melody diﬀers from the target
melody is considered a hit when it is correctly identiﬁed, and a
miss when it is not correctly identiﬁed. A stimulus pair with two
melodies that are the same is considered a correct rejection (CR)
when it is identiﬁed as identical, and scored a false alarm (FA)
when it is incorrectly identiﬁed as diﬀerent; see the overview in
Table 4.
Following Henry and McAuley (2013), these scores were also
applied to the metric subtest, where trials with a march were
treated as diﬀerent and trials with a waltz as same stimulus
pairs, and to the memory subtest, where trials with already used
melodies were treated as diﬀerent and those with new melodies
as same stimulus pairs.
Poor performance on the MBEA can occur for diﬀerent reasons: It can be caused by a high number of FAs, a high number
of misses or a combination of both. We therefore performed not
only a conventional analysis of the MBEA by calculating the sum

Web-based versus Laboratory Testing
The web-base tested group and the group tested in the laboratory were analyzed separately, by computing the sum of correct
responses, cf. Table 5.
Visual inspection of histograms indicated that the data
for the individual subtests and for the average of all subtests are not normally distributed, for an example illustration
see Figure 1.
The calculation of skew and Kolmogorov–Smirnov tests
yielded signiﬁcant results as well (for exact values see Table 6).
All subtest scores and the average scores exhibit a negative skew
and are visibly shifted toward the right. In addition, the variances between the groups are signiﬁcantly diﬀerent for four of
the six subtests as revealed by Levene’s test and therefore the
assumption of homogeneity of variance is also violated for these
four tests (for exact values see Table 6). For these reasons, additional non-parametric tests were performed. Mann–Whitney-U
tests revealed signiﬁcant diﬀerences between the web-based and
the laboratory group in four out of six subtests. The contour and

TABLE 4 | Overview of stimulus types and possible responses.
Stimulus pair

Response
Different

Same

Different

Hit (H)

Miss (M)

Same

False alarm (FA)

Correct rejection (CR)
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TABLE 5 | Sum of correct responses for the web-based and laboratory groups (absolute numbers, with maximum of 30 per subtest).
Group
Web-based
Laboratory

Scale

Contour

Interval

Rhythm

Meter

Memory

Average
24.56

Mean

24.97

23.86

23.21

24.87

24.09

26.34

SD

3.03

3.38

3.89

3.80

5.29

3.09

3.94

Mean

24.95

24.68

24.32

25.84

26.07

27.51

25.56

SD

2.73

3.01

3.29

2.64

3.65

1.77

3.09

FIGURE 1 | Histograms of proportion correct for the Memory subtest for laboratory (left) and web-based group (right). Both exhibit a significant negative
skew (the web-based group additionally exhibits a significant kurtosis), thus are deviating from a normal distribution. For statistics, cf. Table 6.

et al.’s (2003) cut-oﬀ scores give a prevalence of 13.5%. We also
investigated how many subtests contributed to the pitch average score per subject: Of the seven amusics below our cut-oﬀ
score, one fell below the individual cut-oﬀ scores on all three
subtests, four fell below on two subtests and two fell below the
cut-oﬀ score on only one subtest. We then considered again all
participants that failed at least one of the three pitch-based subtests, i.e., not only the pitch average, which yielded a total of
13.5% or 15 individuals. It is to be noted that these are not the
same 15 individuals that are categorized as amusic when using
Peretz et al.’s (2003) pitch average cut-oﬀ score. The same analysis based on Peretz et al.’s (2003) cut-oﬀ scores yielded 26.7%
who fell below the individual cut-oﬀ scores on all three subtests;
60% fell below on two subtests and 13.3% fell below the cut-oﬀ
score on only one subtest. Again, when considering all individuals who fell below the cut-oﬀ score on at least one of the three
pitch-based subtests, 35% (39 individuals) appear to be aﬀected. It
is to be noted, however, that a correlation analysis of the scores of
the diﬀerent subtests yielded no statistical reason to use an average score of the three pitch based subtests. Their scores correlated
just as highly with the temporal subtests and the memory subtest
as with each other. The scores on the contour subtest, for example, are highly signiﬁcantly positively related to the scores on all
other subtests (contour and scale. τ = 0.233, p < 0.001; and interval τ = 0.443, p < 0.001; and rhythm τ = 0.273, p < 0.001; and
meter τ = 0.249, p < 0.001; and memory τ = 0.199, p < 0.001). A
pitch average score can therefore only be motivated by the same
component that is supposed to be tested by all three pitch-based
subtests but not by a correlation between the scores on these
subtests.

interval subtest and the average of all subtests reached signiﬁcance at p < 0.05 and the meter and memory subtests reached
signiﬁcance at p < 0.01 (for values see Table 6). Due to the signiﬁcant diﬀerences between the web-based and the laboratory
group, the data from the two groups were not collapsed, and only
the data from the group tested under laboratory conditions were
further analyzed.

Prevalence
The means of the sum of correct responses, SD, and diﬀerent cutoﬀ scores are given in Table 7. The average values are calculated
by averaging the scores of all participants across all subtests, it is
not an average of the means or SD. The pitch average is an average
of the scores for the scale, contour, and interval subtest.
Based on the average of all subtests, 5.4% of the laboratorytested participants would be diagnosed as amusics because their
scores fall below a cut-oﬀ score of 71.2% (our mean – 2 SD). If
the cut-oﬀ score by Peretz et al. (2003) were applied, 9% of our
sample would be categorized as amusic. However, the prevalence
is diﬀerent when considering the subtests individually: If only
individuals who fell below the cut-oﬀ score on every subtest are
considered amusic, then the prevalence with the cut-oﬀ scores
based on our data sinks to 0, and with Peretz et al.’s (2003) cut-oﬀ
scores it sinks to 4.5%.

Subtests
We were further interested in an average score for all three pitchbased subtests, as this is often used in the literature. In our sample,
the average cut-oﬀ score of the pitch-based subtests is 65.7%,
yielding 6.3%, (in absolute numbers 7) amusics, while Peretz
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0.01

Scoring with SDT

–2.29

A further analysis was carried out using SDT, in order to
inspect whether the obtained scores are tainted by response bias.
Therefore, the means and SD of d and c were calculated for every
subtest, cf. Table 8 and Figure 2. An analysis of skew and kurtosis of d showed that the scores on all subtests are normally
distributed.
The previous categorization based on our cut-oﬀ scores was
kept for this analysis: The group which scored below our cutoﬀ score was labeled “amusic,” while the group that scored below
Peretz et al.’s (2003) cut-oﬀ scores (cf. Table 7) was labeled “amusic Peretz et al. (2003).” Our amusic group was a subgroup of the
amusic group with Peretz et al. (2003) cut-oﬀ score for all of the
subtests except for the memory subtest, where our cut-oﬀ score
was higher, cf. Table 7. The rest of the participants were labeled
“controls.”
In the upper part of Figure 2, the response bias c is plotted per group for every subtest. Overall, the controls groups’ c
is located around 0, indicating that location of the border in the
decision space of the controls is between the two stimulus categories. The two amusic groups have a slightly more positive bias
(i.e., a tendency to answer “same”).
The lower part of Figure 2 shows the sensitivity measure d , the groups’ ability to discriminate, for each subtest.
As can be seen, there is no overlap between our amusic
group and the control group for the ﬁrst ﬁve subtests, showing a clear distinction in discriminatory ability between the
groups. The d values for the amusic group(s) are much lower
than that for the controls for these ﬁve subtests, indicating
that amusics have diﬃculties discriminating between the stimuli.
New cut-oﬀ scores based on the discriminatory ability of
the groups were calculated. The cut-oﬀ score was set to be
mean – 1 SD (chosen a priori). It is to be noted that it is
an arbitrary statistical criterion. Even though the categorization varies based on the statistical criterion that is applied, this
might oﬀer a more reliable measure than averaging the sum of
correct responses as the bias is factored out and participants
can be categorized solely based on their ability to discriminate. The new cut-oﬀ scores and prevalences can be found in
Table 8.
This new categorization based on discriminatory ability shows
cases of over- and underdiagnosis in comparison to the previous
scores. An underdiagnosis (previously categorized as control, but
low discriminatory ability) does not happen for two of the three
pitch-based subtests. For the scale subtest, it happens for 2.7% of
all diagnosis. For the temporal subtests and the memory subtests,
however, 7.2–11.2% of all participants with a low discriminatory
ability are not diagnosed as amusic. Depending on the subtest, an
overdiagnosis (diagnosed as amusic, but normal discrimination
ability with a high bias) seems to happen in 1.8–4.5% of all diagnosis, based on the entire group. But when only considering the
amusia-diagnoses based on the previous scores, then the percentage of overdiagnosis rises to 12–20% depending on the subtest,
or even to 30%, when the diagnosis was based on the average
score.

5353
0.004

Bold indicates p < 0.001, italics p < 0.05.

0.00
0.33

0.28
1.39

1.20
0.46

0.44
0.62

0.55
–3.02

–4.18
0.22

–0.69

–0.94

Lab
Average

Web

0.23

0.00

8.60

19.85
0.00

0.00

0.00
0.15

0.20
4.01

0.11
0.46

0.44
1.78

0.05
–2.86

–6.22
0.22
–1.39

0.23
–0.66
Lab

Web

Memory

0.17

0.15
0.29

2.69
0.46

0.44
0.13

1.22
–5.23

–3.80
–0.85

0.23
–1.20

Web

Meter

Lab

0.22

0.00

19.76

0.00

0.00

5309

5251

–2.41

–2.51

0.01

0.01

0.08
–1.43
5786
0.003
8.86
0.00

0.00
0.14

0.15
0.64

–0.14
0.46

0.44
0.28

–0.06
–2.74

–4.31
0.22
–0.96
Web

0.23
–0.63
Lab
Rhythm

4.10
0.01

0.00

0.00
0.14

0.09
–0.90

1.20
0.46

0.44
–0.40

0.55
–3.54

–2.09
0.22
–0.47
Web

0.23
–0.81
Lab
Interval

0.12

0.12
–0.96

0.12
0.46

0.44
–0.43

0.05
–3.02

–1.99
–0.45

0.23
–0.70
Lab
Contour

Web

0.22

0.00

2.56

0.04

0.11

5398

5588

–2.21

–1.83

0.01

0.03

0.30
–0.52
6239
0.23
1.46
0.00

0.00
0.14

0.16
1.36

4.37
0.46

0.44
0.61

1.99
–4.62

–4.18
–0.93
Web

0.23
–1.06
Lab
Scale

0.22

p
z
U
p
F (10.226)
p
D

Kolmogorov–Smirnov Test
z Kurtosis
SE Kurtosis
Kurtosis
z Skew
SE Skew
Group

Skew

Diagnosing congenital amusia with the MBEA

Subtest

TABLE 6 | The results of variance and normality analyses, comparison between laboratory and web-based group per MBEA subtest.

Levene’s Test

Mann-Whitney-Test (1-tailed)
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TABLE 7 | Sum of correct responses for the group tested in the laboratory.
Sum of correct responses

Scale

Contour

Interval

Rhythm

Meter

Memory

Average

Pitch Average

Mean

24.95

24.68

24.32

25.84

26.07

27.51

25.48

24.64

SD

2.73

3.01

3.29

2.64

3.65

1.77

2.06

2.47

Cut-off (2 SD)

19.49

18.66

17.74

20.56

18.77

23.97

21.36

19.7

Cut-off (%)

65.0

62.2

59.1

68.5

62.6

79.9

71.2

65.7

% below cut off

4.5

7.2

7.2

4.5

6.3

7.2

5.4

6.3

Cut-off % Peretz

73.3

73.3

70

76.7

66.7

73.3

76.6

72.2

% below cut-off Peretz

14.4

22.5

15.3

20.7

7.2

0

9.01

13.5

Cut-off scores and resulting percentage of amusics based on our mean compared to Peretz et al.’s (2003) means.
TABLE 8 | Means and SD of d  and c for the group tested in the laboratory, including cut-off scores and percentage of amusics and controls
categorization based on PC and z-scores used for normality analysis.

c
d

Scale

Contour

Interval

Mean

0.01

0.15

0.29

–0.05

–0.22

SD

0.55

0.54

0.48

0.55

0.34

Mean

2.33

2.25

2.16

2.65

2.81

SD
z skew
z kurtosis

Rhythm

Meter

Memory

Average

Pitch Average

–0.21

–0.00

0.15

0.43

0.29

0.46

3.23

2.25

2.25

0.84

0.90

0.95

0.90

1.28

0.81

0.66

0.73

–0.51

0.69

0.28

–0.19

–0.99

0.32

1.56

–0.01

1.28

–1.30

0.10

–1.64

–1.70

–1.15

0.61

0.15

% below cut-off score: Mean–1 SD

15.32

18.02

13.51

25.23

18.92

17.12

14.41

14.41

% overdignosis: amean–1 SD

1.80

4.50

1.80

2.70

0.00

1.80

2.70

1.80

% underdiagnosis: Mean–1 SD

2.70

0.00

0.00

7.21

11.71

11.71

1.80

2.70

Subtypes

self-rate items, as the remaining item (Perception 5 – Evaluation
of own perception) failed to reach the acceptable limit of 0.5 on
the Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy.
This item was included in a ﬁrst analysis but excluded from the
ﬁnal analysis. It is to be noted that not every participant answered
every question and cases were therefore excluded pairwise. The
KMO measure veriﬁed the sampling adequacy for the analysis,
KMO = 0.8, and all KMO values for individual items were >0.5.
Bartlett’s test of sphericity χ2 (171) = 1530.778, p < 0.001, indicated that correlations between items were suﬃciently large for
PCA. Six components had eigenvalues over Kaiser’s criterion of
1 and in combination explained 67.65% of the variance. Table 10
shows the factor loadings after rotation. The items that cluster on
the same components suggest that component 1 represents perception but also contains clapping, component 2 music education,
component 3 dancing, component 4 singing/production, component 5 self-assessment of musicality, and component 6 music
listening habits. These components were then entered into a multiple regression analysis in order to calculate their inﬂuence on
the MBEA-scores.
The multiple regressions was performed separately for every
subtest. The regression analysis again included only the MBEAscores obtained in the laboratory-based group and only those
participants who answered all questionnaire items, so as not
to include participants with missing values. 76 participants
remained in this analysis step. The six components were entered
as predictors and d was used as outcome variable. To use d scores in this context has an advantage over using PC scores, as
these were shown not be normally distributed, which is one of
the assumptions that has to be met for a regression analysis. The

We were also interested in diﬀerent subgroups, i.e., subtypes of
congenital amusia, therefore we considered the diﬀerent patterns
that participants exhibit on the diﬀerent subtests. 53.2% scored
below a cut-oﬀ score on at least one subtest, 28.8% on at least two,
and 13.5% on three or more subtests. For the latter two groups, we
analyzed the diﬀerent subtypes. As Table 9 shows, there are three
distinct subgroups: One bigger group with below cut-oﬀ-scores
on pitch and rhythm (and partly also memory) subtests and two
smaller groups with low scores on only pitch and memory or only
rhythm and memory subtests. As many studies also consider the
average of all subtests and the pitch-average, we also calculated
these. Of the 28.8%, 34.4% also had a below cut-oﬀ score on the
average of all subtests and on 43.8% also scored below cut-oﬀ on
the pitch average. For the population with below cut-oﬀ scores
on at least three subtests, 66.6% had a below cut-oﬀ score on the
average score and 80% on the pitch average score.

Questionnaire
Our questionnaire contained 27 items: six demographic items
(age, gender, education, handedness, occupation, native language(s)), 20 self-rate items about music education, attitude
toward music, music habits and dancing, and one free text
question (why people considered themselves unmusical, if they
indicated so in the previous question). The questionnaires of
the web-based and the laboratory-based group were analyzed
together as they were collected under the same circumstances
in the laboratory. A principal component analysis (PCA) with
an oblique rotation (promax) allowed for the collapsing of the
items into six factors. The PCA included 19 out of the 20
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FIGURE 2 | Signal Detection Theory (SDT) scores (d  and c) plotted per subtest. Categorization based on PC-scores. For statistics, cf. Table 8.

component. Only 9% of the variation of the rhythm scores can
be explained by questionnaire items, while 38% can be explained
for the meter subtest, based on component 2 music education and component 6 listening habits/attitude. Eleven percent
of the variability in memory scores can also be explained by
questionnaire items, more speciﬁcally by one’s own musicality assessment. Lastly, the 39% of the variation in the average score can be predicted by component 1 and 2, perception
and music education, respectively. The standardized beta value
(in SD units) is used as a measure of how much the outcome variable is changed by a change of the predictor. The

assumptions of multicollinearity and independent errors were
true (cf. Table 11 collinearity statistics and Durbin–Watson test,
respectively). The assumptions of linearity and homoscedasticity
were visually inspected and also true.
Diﬀerent models were ﬁt to the data, excluding non-signiﬁcant
predictors, until the best ﬁtting regression model was found for
every subtest. Table 11 summarizes these models.
R2 can be used as a measure of how much variability of the
outcome variable is accounted for by the predictors. Twenty-two
percent to 25% of the variation in MBEA scores of the three
pitch-based subtest can be predicted by the ﬁrst and second
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average score across all subtests, then this misdiagnosis rises to
30%. This number conﬁrms Henry and McAuley’s (2013) ﬁnding of a PC-based misdiagnosis of 33%. At the same time, the
PC-based scores in our study fail to diagnose 7.2–11.2% of the
participants with a low discriminatory ability as amusic.
Furthermore, we found that 28.8% of the laboratory-tested
participants scored below cut-oﬀ score on two or more subtests and of those only 34.4% also scored below cut-oﬀ on the
average of all subtests. This shows that a substantial number of
participants with an impaired discriminatory ability is missed
by using average scores for the diagnosis of congenital amusia. In addition, we could show that for the average pitch score,
which is often employed in MBEA studies (see the overview in
Section “Scoring and Subtests”), the scores on the pitch subtests correlated as highly with each other as with the other
subtests, giving no statistical reason for using an average pitch
score.
The misdiagnosis of congenital amusia has implications for
the inclusion of participants in scientiﬁc studies and therefore the
expansion of knowledge about congenital amusia. At the same
time, the diagnosis has personal consequences for the individual
in question, just as in the case of acquired amusia. Many possible amusics who come to our lab actively seek answers as to why
their perception seems to be diﬀerent from that of other people. These participants deserve an accurate assessment of their
abilities. Using d to assess amusics’ discriminatory ability reﬂects
their abilities more accurately than using the sum of correct
answers.

TABLE 9 | Percentage of participants scoring below a cut-off score of
(mean–1 SD) on at least two subtests.
Two or more subtests
Total
(%)
Total

Three or more subtests

Below cut-off
score (%)

Total
(%)

28.8

Below cut-off
score (%)

13.5

Only pitch

5.4 (3.6)

18.6 (15.6)

2.7 (2.7)

Only rhythm

9.0 (4.5)

31.3 (12.5)

0.9 (0.9)

20.0 (20.0)
6.6 (6.6)

Pitch and rhythm

14.4 (5.4)

50.0 (18.6)

9.9 (5.4)

73.3 (40)

The value in brackets indicates how many percent also included a below cut-off
score on the memory subtest.

standardized beta value on the interval subtest (standardized
β = 0.50), for example, indicates that if the score of component 2 increases by 1 SD (1.02), the d score increases by 0.50
SD (0.47).

Discussion
In the present study, a comparison of the MBEA scores for our
laboratory-tested participants calculated both on the basis of the
sum of correct answers and the Signal Detection measure d (with
mean – 1SD as cut-oﬀ) yielded diﬀerent diagnoses. With the PCbased measure, 12–20% of amusia diagnoses are misdiagnoses
of people who could be shown to have a normal discriminatory
ability but simply a larger response bias. If we consider the

TABLE 10 | Summary of principal component analysis (PCA): Rotated pattern matrix with factor loadings, ordered according to the factor loadings per
component.
Questionnaire item

Component
1

2

3

4

5

6

Perception 1 – melodies without lyrics

0.85

–016

–0.19

–0.04

–0.07

0.10

Perception 3 – piano tones

0.84

–0.00

–0.08

–0.01

0.02

–0.02
–0.06

Perception 2 – off/wrong singing

0.72

0.01

–0.02

0.15

0.07

Clapping

0.69

0.13

0.20

–0.22

–0.09

0.17

Singing 3 – notice wrong singing and correct it

0.52

–0.07

0.10

0.37

0.06

–0.08

Perception 4 – surrounded by music as child

0.44

0.19

0.12

0.19

–0.03

–0.12
–0.02

Music education 2 – age of onset

0.01

0.90

–0.08

–0.05

–0.09

Music education 4 – frustration

0.00

0.86

0.00

–0.04

0.00

0.03

–0.14

0.82

0.09

–0.03

–0.09

0.06

Music education 3 – years of lessons
Music education 1 – type of education

0.15

0.60

0.00

0.06

0.02

–0.12

Music education 5 – still playing/singing

–0.08

0.52

–0.16

0.19

0.32

0.05

Dancing 2 – quality – own assessment

0.03

–0.01

0.95

–0.06

0.00

–0.05

Dancing 1 – quantity/frequency

–0.14

–0.03

0.91

0.13

0.04

0.04

Singing 1 – when alone

–0.08

–0.01

0.09

0.85

–0.04

0.13

0.13

0.01

–0.05

0.80

–0.02

–0.01

Unmusicality 1 – family members

–0.15

–0.11

–0.01

0.04

0.93

–0.01

Unmusicality 2 – qwn assessment

0.17

0.04

0.08

–0.13

0.83

0.05

–0.02

–0.02

–0.03

0.27

–0.13

0.80

0.09

0.02

0.02

–0.12

0.17

0.77

Singing 2 – in public

Listening habits 1 – quantity listening to music
Listening habits 2 – attitude toward music

Bold indicates that this item loads onto the component given in the first line.
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TABLE 11 | Summary of multiple regression analysis predicting MBEA scores per subtest from components.
Coefficients
Subtest

Components
included

B

Collinearity statistics
β

VIF

Tolerance

Scale
Constant
1 perception
2 music education

2.33
0.20
0.27

Constant
1 perception
2 music education

2.20
0.29
0.21

Constant
2 music education

2.01
0.46

Constant
2 music education

2.75
0.24

Constant
2 music education
6 attitude

2.76
0.73
0.25

Constant
5 own musicality
assessment

2.93
0.31

Constant
1 perception
2 music education

2.22
0.21
0.30

0.23
0.33

0.83
0.83

0.83
0.83

1.00

1.00

0.99
0.99

1.00

0.83
0.83

10.23

0.22

2.41

10.12

0.25

1.93

24.70

0.09

2.07

6.90

0.38

2.13

22.30

0.11

2.10

8.97

0.39

2.36

23.30

1.00

Average
0.30
0.44

1.87

1.01
1.01

Memory
0.33

0.22

1.00

Meter
0.56
0.21

ANOVA F-ratio

1.00

Rhythm
0.29

Durbin–Watson

1.20
1.20

Interval
0.50

R2

1.20
1.20

Contour
0.31
0.24

Model fit

1.20
1.20

Bold and italics indicates p < 0.001, italics p < 0.05.

with pitch deﬁcits or pitch and rhythm deﬁcits are more frequent than cases with rhythmic problems only (Phillips-Silver
et al., 2011 – 1 case; Launay et al., 2014 – 3 cases), possibly due to the low proportion of rhythm-related subtests in
the MBEA. We therefore propose that additional tests assessing rhythmic abilities, e.g., a part of the Beat Alignment Test
by Iversen and Patel (2008), should be considered as a supplement to the MBEA. This might make a further diﬀerentiation
of subtypes of congenital amusia and a clearer deﬁnition of
them more feasible in the future. This ﬁnding again also supports our view that an average score should not be used for
the diagnosis of amusia [see also Wise (2009) and Henry and
McAuley (2010)], as it does not reﬂect the heterogeneous behavior of participants across the six subtests. The evaluation of scores
on individual subtests, on the other hand, can lead to misdiagnosis of people as amusic who simply did not pay enough
attention to the experiment. Though we tried to ﬁlter out such
participants by the so-called catch trials, these catch trials can
be detected without focused attention and therefore might not
be an adequate way of controlling for such possible false positive
diagnoses.
In addition to the MBEA scores, we also analyzed the information from our questionnaire.

We were furthermore also interested whether our data provided evidence for diﬀerent subtypes of amusia, as have been
proposed in previous studies (see the discussion in Section
“Subtypes of Amusia”). For our group of participants that performed below the cut-oﬀ score of mean – 1 SD and failed at
least two subtests, we found three subgroups: A group that only
exhibits pitch deﬁcits (18.6% of amusics), one with only rhythmic deﬁcits (31.4% amusics) and another with pitch and rhythm
deﬁcits (50% of amusics). All of these groups contained participants with and without low performance on the memory
subtest. When considering only participants who failed at least
three subtests, then the same three groups remain. However,
only 6.6% of amusics exhibit a rhythm deﬁcit, 20% exhibit a
pitch perception deﬁcit, and 73.3% exhibit both. The probability of these three types is the same as if the three failed tests
were randomly distributed across all six subtests. The high cooccurrence of pitch and rhythm deﬁcits could be due to the
very high correlations between the various subtests, which were
found above. The percentage of the rhythm subtype sinks so
drastically due to the imbalance of pitch and rhythm tests on
the MBEA. In order to score below cut-oﬀ on three subtests
with only one rhythm perception deﬁcit is impossible; therefore
also a memory deﬁcit has to be present. Reports of subtypes
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The questionnaire contained 27 items, which were reduced
by PCA to six components. These encompassed perception,
music education, dancing, singing/production, listening habits,
and self-assessment of musicality. Three of these components,
singing/production, music education and listening habits, overlap with the ones found by Cuddy et al. (2005). She identiﬁed
a total of four components, the fourth being childhood memories. While Cuddy et al. (2005) and Wise (2009) were interested
in the self-labeling as tone-deaf and consequently used it as outcome variable, we incorporated it as one of our components, 5 –
self-assessment of musicality, into a multiple regression analysis
with d as the outcome variable, because both studies found selfreports of tone-deafness not to be reliable and overlapping with
the presence of congenital amusia. Our analysis showed that part
of the variation in d scores can be accounted for by questionnaire
information, more speciﬁcally music education and perception.
The outcome of the meter subtest was also inﬂuenced by listening habits, a ﬁnding that is in agreement with Cuddy et al.’s
(2005) ﬁndings. Contrary to Cuddy et al. (2005), we found no
inﬂuence of the component music production on our outcome
variable. We also found that only (and also only a small but
signiﬁcant amount of) the variation of scores on the memory
subtest can be accounted for by one’s own assessment of musicality. It did not account for any other variability in d scores.
Considering these results, it seems adequate to use at least a short
questionnaire containing items about music education and music
perception.
With our large-scale study we also tested the diﬀerence
between MBEA scores that were obtained in a web-based experiment and those that were obtained under laboratory conditions
with a computerized version of the MBEA. Participants scored

signiﬁcantly lower on all but the rhythm subtest if they were
tested via the internet, probably due to uncontrollable external
factors such as technical variance (e.g., internet speed or usage
of headphones) and environmental factors (like noise or distractions; for an overview of drawbacks with web-based testing, see
Reips, 2000; Dandurand et al., 2008). Our ﬁndings indicate that
the results of studies employing web-based tests (such as Peretz
et al., 2008; Provost, 2011) should be considered carefully, as
they diagnose more congenital amusics (5.8 and 11.6%, respectively) than laboratory-based studies if the same cut-oﬀ scores are
applied. A possible solution might be the application of diﬀerent cut-oﬀ scores depending on the type of testing. However, it is
questionable whether web-based testing of the MBEA should be
used at all, since a controlled and quiet environment seems crucial for the success of perceptual and especially auditory research
(cf. Krantz and Dalal, 2000).
In sum, we thus recommend the calculation of cut-oﬀ scores
based on the SDT measures d and c instead of percentage correct for all MBEA subtests separately (rather than averaging over
subtests) and the additional use of a questionnaire and a further
rhythmic subtest. We furthermore advise testing in the laboratory
only. This way, a more reliable diagnosis of congenital amusia and
a diﬀerentiation of amusic subtypes seem possible in the future.

References

Foxton, J. M., Nandy, R. K., and Griﬃths, T. D. (2006). Rhythm deﬁcits
in ‘tone deafness’. Brain Cogn. 62, 24–29. doi: 10.1016/j.bandc.2006.
03.005
Gordon, E. E. (1965). Muscial Aptitude Proﬁle. Boston, MA: Houghton Miﬄin.
Green, D. M., and Swets, J. A. (1966). Signal Detection Theory and Psychophysics.
New York, NY: Wiley.
Hamann, S., Exter, M., Pfeifer, J., and Krause-Burmester, M. (2012). “Perceiving differences in linguistic and non-linguistic pitch: a pilot study with german congenital amusics,” in Proceedings of the 12th International Conference on Music
Perception and Cognition and the 8th Triennial Conference of the European
Society for the Cognitive Sciences of Music, eds E. Cambouropoulos, C. Tsougras,
P. Mavromatis, and K. Pastiadis, Thessaloniki, 398–405.
Henry, M. J., and McAuley, J. D. (2010). On the prevalence of congenital Amusia.
Music Percept. 27, 413–418. doi: 10.1525/mp.2010.27.5.413
Henry, M. J., and McAuley, J. D. (2013). Failure to apply signal detection theory to
the montreal battery of evaluation of Amusia may misdiagnose Amusia. Music
Percept. 30, 480–496. doi: 10.1525/mp.2013.30.5.480
Hutchins, S., Gosselin, N., and Peretz, I. (2010a). Identiﬁcation of changes along
a continuum of speech intonation is impaired in congenital amusia. Front.
Psychol. 1:236. doi: 10.3389/fpsyg.2010.00236
Hutchins, S., Zarate, J., Zatorre, R., and Peretz, I. (2010b). An acoustical study of
vocal pitch matching in congenital amusia. J. Acoust. Soc. Am. 127, 504–512.
doi: 10.1121/1.3270391
Hutchins, S., and Peretz, I. (2013). Vocal pitch shift in congenital amusia (pitch deafness). Brain Lang. 125, 106–117. doi: 10.1016/j.bandl.2013.
01.011
Hyde, K., Lerch, J. P., Zatorre, R., Griﬃths, T. D., and Evans, A. (2007). Cortical
thickness in congenital amusia: when less is better than more. J. Neurosci. 47,
13028–13032. doi: 10.1523/JNEUROSCI.3039-07.2007

Acknowledgments
We would like to thank Henk Schotel for his help with the webbased implementation of the MBEA. This work was supported by
the Netherlands Organisation for Scientiﬁc Research (NWO; grant
number 322-75-004) to the ﬁrst author.

Albouy, P., Mattout, J., Bouet, R., Maby, E., Sanchez, G., Aguera, P.-E.,
et al. (2013a). Impaired pitch perception and memory in congenital amusia: the deﬁcit starts in the auditory cortex. Brain 136, 1639–1661. doi:
10.1093/brain/awt082
Albouy, P., Schulze, K., Caclin, A., and Tillmann, B. (2013b). Does tonality boost
short-term memory in congenital amusia? Brain Res. 1537, 224–232. doi:
10.1016/j.brainres.2013.09.003
Ayotte, J., Peretz, I., and Hyde, K. (2002). Congenital amusia - A group study
of adults aﬄicted with a music-speciﬁc disorder. Brain 125, 238–251. doi:
10.1093/brain/awf028
Boersma, P., and Weenink, D. (2011). Praat: Doing Phonetics by Computer
[Computer Program]. Version 5.2.25. Available at: http://www.praat.org/
(accessed 12 May, 2011).
Cousineau, M., Mcdermott, J. H., and Peretz, I. (2012). The basis of musical consonance as revealed by congenital amusia. Proc. Natl. Acad. Sci. U.S.A. 109,
19858–19863. doi: 10.1073/pnas.1207989109
Cuddy, L. L., Balkwill, L.-L., Peretz, I., and Holden, R. R. (2005). Musical diﬃculties are rare - a study of “Tone Deafness” among University Students. Ann. N. Y.
Acad. Sci. 1060, 311–324. doi: 10.1196/annals.1360.026
Dandurand, F., Shultz, T., and Onishi, K. (2008). Comparing online and lab methods in a problem-solving experiment. Behav. Res. Methods 40, 428–434. doi:
10.3758/BRM.40.2.428
Douglas, K. M., and Bilkey, D. K. (2007). Amusia is associated with deﬁcits in
spatial processing. Nat. Neurosci. 10, 915–921. doi: 10.1038/nn1925
Foxton, J. M., Dean, J. L., Gee, R., Peretz, I., and Griﬃths, T. D. (2004).
Characterization of deﬁcits in pitch perception underlying tone deafness. Brain
127, 801–810. doi: 10.1093/brain/awh105

Frontiers in Human Neuroscience | www.frontiersin.org

13

April 2015 | Volume 9 | Article 161

Pfeifer and Hamann

Diagnosing congenital amusia with the MBEA

Hyde, K. L., and Peretz, I. (2003). “Out-of-Pitch” but Still “In-Time.” Ann. N. Y.
Acad. Sci. 999, 173–176. doi: 10.1196/annals.1284.023
Hyde, K., and Peretz, I. (2004). Brains that are out of tune but in time. Psychol. Sci.
15, 356–360. doi: 10.1111/j.0956-7976.2004.00683.x
Hyde, K., Zatorre, R., Griﬃths, T. D., Lerch, J. P., and Peretz, I. (2006).
Morphometry of the amusic brain: a two-site study. Brain 129, 2562–2570. doi:
10.1093/brain/awl204
Hyde, K., Zatorre, R., and Peretz, I. (2011). Functional MRI evidence of an abnormal neural network for pitch processing in congenital Amusia. Cereb. Cortex
21, 292–299. doi: 10.1093/cercor/bhq094
Iversen, J. R., and Patel, A. D. (2008). “The beat alignment test (BAT): surveying
beat processing abilities in the general population,” in Proceedings of the 10th
International Conference on Music Perception and Cognition, eds K. Miyazaki,
Y. Hiraga, M. Adachi, Y. Nakajima, and M. Tsuzaki, Sapporo, 465–468.
Jiang, C., Hamm, J. P., Lim, V. K., Kirk, I. J., Chen, X., and Yang, Y. (2012a).
Amusia results in abnormal brain activity following inappropriate intonation during speech comprehension. PLoS ONE 7:e41411. doi: 10.1371/journal.pone.0041411
Jiang, C., Hamm, J. P., Lim, V. K., Kirk, I. J., and Yang, Y. (2012b). Impaired categorical perception of lexical tones in Mandarin-speaking congenital amusics.
Mem. Cogn. 40, 1109–1121. doi: 10.3758/s13421-012-0208-2
Jiang, C., Hamm, J. P., Lim, V. K., Kirk, I. J., and Yang, Y. (2010).
Processing melodic contour and speech intonation in congenital amusics with Mandarin Chinese. Neuropsychologia 48, 2630–2639. doi:
10.1016/j.neuropsychologia.2010.05.009
Jiang, C., Lim, V. K., Wang, H., and Hamm, J. P. (2013). Diﬃculties with pitch discrimination inﬂuences pitch memory performance: evidence from congenital
Amusia. PLoS ONE 8:e79216. doi: 10.1371/journal.pone.0079216
Kalmus, H., and Fry, D. B. (1980). On tune deafness (dysmelodia): frequency,
development, genetics and musical background. Ann. Hum. Genet. 43, 369–383.
doi: 10.1111/j.1469-1809.1980.tb01571.x
Krantz, J. H., and Dalal, R. (2000). “Chapter 2 – validity of web-based psychological research,” in Psychological Experiments on the Internet, ed. M. H. Birnbaum
(San Diego: Academic Press), 35–60.
Launay, J., Grube, M., and Stewart, L. (2014). Dysrhythmia: a speciﬁc congenital rhythm perception deﬁcit. Front. Psychol. 5:18. doi: 10.3389/fpsyg.2014.
00018
Liu, F., Jiang, C., Pfordresher, P. Q., Mantell, J. T., Xu, Y., Yang, Y., et al.
(2013). Individuals with congenital amusia imitate pitches more accurately
in singing than in speaking: implications for music and language processing. Atten. Percept. Psychophys. 75, 1783–1798. doi: 10.3758/s13414-0130506-1
Liu, F., Jiang, C., Thompson, W. F., Xu, Y., Yang, Y., and Stewart, L. (2012a). The
mechanism of speech processing in congenital amusia: evidence from Mandarin
speakers. PLoS ONE 7:e30374. doi: 10.1371/journal.pone.0030374
Liu, F., Xu, Y., Patel, A. D., Francart, T., and Jiang, C. (2012b). Diﬀerential
recognition of pitch patterns in discrete and gliding stimuli in congenital
amusia: evidence from Mandarin speakers. Brain Cogn. 79, 209–215. doi:
10.1016/j.bandc.2012.03.008
Liu, F., Patel, A. D., Fourcin, A., and Stewart, L. (2010). Intonation processing
in congenital amusia: discrimination, identiﬁcation and imitation. Brain 133,
1682–1693. doi: 10.1093/brain/awq089
Loui, P., Alsop, D., and Schlaug, G. (2009). Tone deafness: a new disconnection syndrome? J. Neurosci. 29, 10215–10220. doi: 10.1523/JNEUROSCI.170109.2009
Loui, P., Guenther, F. H., Mathys, C., and Schlaug, G. (2008). Action–
perception mismatch in tone-deafness. Curr. Biol. 18, R331–R332. doi:
10.1016/j.cub.2008.02.045
Loui, P., Kroog, K., Zuk, J., Winner, E., and Schlaug, G. (2011). Relating pitch
awareness to phonemic awareness in children: implications for tone-deafness
and dyslexia. Front. Psychol. 2:111. doi: 10.3389/fpsyg.2011.00111
Loui, P., and Schlaug, G. (2012). Impaired learning of event frequencies in
tone deafness. Ann. N. Y. Acad. Sci. 1252, 354–360. doi: 10.1111/j.17496632.2011.06401.x
Macmillan, N. A., and Creelman, C. D. (2005). Detection Theory: A User’s Guide.
Mahwah, NJ: Lawrence Erlbaum Associates.
Mandell, J., Schulze, K., and Schlaug, G. (2007). Congenital amusia: an auditorymotor feedback disorder? Restor. Neurol. Neurosci. 25, 323–334.

Frontiers in Human Neuroscience | www.frontiersin.org

McDonald, C., and Stewart, L. (2007). Uses and functions of music in
congenital amusia. Music Percept. 25, 345–356. doi: 10.1525/mp.2008.
25.4.345
Mignault Goulet, G., Moreau, P., Robitaille, N., and Peretz, I. (2012). Congenital
amusia persists in the developing brain after daily music listening. PLoS ONE
7:e36860. doi: 10.1371/journal.pone.0036860
Moreau, P., Jolicœur, P., and Peretz, I. (2009). Automatic brain responses to
pitch changes in congenital Amusia. Ann. N. Y. Acad. Sci. 1169, 191–194. doi:
10.1111/j.1749-6632.2009.04775.x
Moreau, P., Jolicœur, P., and Peretz, I. (2013). Pitch discrimination without awareness in congenital amusia: evidence from event-related potentials. Brain Cogn.
81, 337–344. doi: 10.1016/j.bandc.2013.01.004
Nan, Y., Sun, Y., and Peretz, I. (2010). Congenital amusia in speakers of a tone
language: association with lexical tone agnosia. Brain 133, 2635–2647. doi:
10.1093/brain/awq178
Nguyen, S., Tillmann, B., Gosselin, N., and Peretz, I. (2009). Tonal language
processing in congenital Amusia. Ann. N. Y. Acad. Sci. 1169, 490–493. doi:
10.1111/j.1749-6632.2009.04855.x
Omigie, D., Müllensiefen, D., and Stewart, L. (2012a). The experience of music in
congenital Amusia. Music Percept. 30, 1–18. doi: 10.1525/mp.2012.30.1.1
Omigie, D., Pearce, M. T., and Stewart, L. (2012b). Tracking of pitch
probabilities in congenital amusia. Neuropsychologia 50, 1483–1493. doi:
10.1016/j.neuropsychologia.2012.02.034
Omigie, D., Pearce, M. T., Williamson, V. J., and Stewart, L. (2013).
Electrophysiological correlates of melodic processing in congenital amusia. Neuropsychologia 51, 1749–1762. doi: 10.1016/j.neuropsychologia.2013.
05.010
Omigie, D., and Stewart, L. (2011). Preserved statistical learning of tonal
and linguistic material in congenital Amusia. Front. Psychol. 2:109. doi:
10.3389/fpsyg.2011.00109
Patel, A. D., Foxton, J. M., and Griﬃths, T. D. (2005). Musically tone-deaf individuals have diﬃculty discriminating intonation contours extracted from speech.
Brain Cogn. 59, 310–313. doi: 10.1016/j.bandc.2004.10.003
Patel, A., Wong, M., Foxton, J., Lochy, A., and Peretz, I. (2008). Speech intonation
perception deﬁcits in musical tone deafness (congenital amusia). Music Percept.
25, 357–368. doi: 10.1525/mp.2008.25.4.357
Peretz, I. (2013).“ The biological foundations of music,” in The Psychology of Music,
ed. D. Deutsch (San Diego: Elsevier), 551–564.
Peretz, I., and Coltheart, M. (2003). Modularity of music processing. Nat. Neurosci.
6, 688–691. doi: 10.1038/nn1083
Peretz, I., Ayotte, J., Zatorre, R., Mehler, J., Ahad, P., Penhune, V., et al. (2002).
Congenital amusia: a disorder of ﬁne-grained pitch discrimination. Neuron 33,
185–191. doi: 10.1016/S0896-6273(01)00580-3
Peretz, I., Brattico, E., Järvenpää, M., and Tervaniemi, M. (2009). The amusic brain: in tune, out of key, and unaware. Brain 132, 1277–1286. doi:
10.1093/brain/awp055
Peretz, I., Brattico, E., and Tervaniemi, M. (2005). Abnormal electrical brain
responses to pitch in congenital Amusia. Ann. Neurol. 58, 478–482. doi:
10.1002/ana.20606
Peretz, I., Champod, S., and Hyde, K. (2003). Varieties of musical disorders: the
montreal battery of evaluation of Amusia. Ann. N. Y. Acad. Sci. 999, 58–75. doi:
10.1196/annals.1284.006
Peretz, I., Cummings, S., and Dube, M.-P. (2007). The genetics of congenital
amusia (Tone Deafness): a family-aggregation study. Am. J. Hum. Genet. 81,
582–588. doi: 10.1086/521337
Peretz, I., Gosselin, N., Tillman, B., Cuddy, L. L., Gagnon, B., Trimmer, C. G., et al.
(2008). On-line identiﬁcation of congenital Amusia. Music Percept. 25, 331–343.
doi: 10.1525/mp.2008.25.4.331
Peretz, I., Saﬀran, J., Schön, D., and Gosselin, N. (2012). Statistical learning of
speech, not music, in congenital amusia. Ann. N. Y. Acad. Sci. 1252, 361–366.
doi: 10.1111/j.1749-6632.2011.06429.x
Pfeifer, J., and Hamann, S. (2014). “Congenital Amusia in linguistic and nonlinguistic pitch perception - What behavior and reaction times reveal,” in Speech
Prosody 7, eds N. Campbell, D. Gibbon, and D. Hirst, Dublin, 438–442.
Phillips-Silver, J., Toiviainen, P., Gosselin, N., and Peretz, I. (2013). Amusic
does not mean unmusical: Beat perception and synchronization ability despite
pitch deafness. Cogn. Neuropsychol. 30, 311–331. doi: 10.1080/02643294.2013.
863183

14

April 2015 | Volume 9 | Article 161

Pfeifer and Hamann

Diagnosing congenital amusia with the MBEA

Phillips-Silver, J., Toiviainen, P., Gosselin, N., Piché, O., Nozaradan, S., Palmer, C.,
et al. (2011). Born to dance but beat deaf: a new form of congenital amusia.
Neuropsychologia 49, 961–969. doi: 10.1016/j.neuropsychologia.2011.02.002
Provost, M. (2011). The Prevalence of Congenital Amusia. Master’s thesis,
Université de Montréal, Montreal, QC.
Reips, U.-D. (2000). “Chapter 4 - the web experiment method: advantages, disadvantages, and solutions,” in Psychological Experiments on the Internet, ed. M. H.
Birnbaum (San Diego: Academic Press), 89–117.
Thompson, W. F., Marin, M. M., and Stewart, L. (2012). Reduced sensitivity to emotional prosody in congenital amusia rekindles the musical protolanguage hypothesis. Proc. Natl. Acad. Sci. U.S.A. 109, 19027–19032. doi:
10.1073/pnas.1210344109
Tillmann, B., Burnham, D., Nguyen, S., Grimault, N., Gosselin, N., and Peretz, I.
(2011a). Congenital amusia (or tone-deafness) interferes with pitch processing
in tone languages. Front. Psychol. 2:120. doi: 10.3389/fpsyg.2011.00120
Tillmann, B., Rusconi, E., Traube, C., Butterworth, B., Umiltà, C., and Peretz, I.
(2011b). Fine-grained pitch processing of music and speech in congenital
amusia. J. Acoust. Soc. Am. 130, 4089–4096. doi: 10.1121/1.3658447
Tillmann, B., Gosselin, N., Bigand, E., and Peretz, I. (2012). Priming paradigm
reveals harmonic structure processing in congenital amusia. Cortex 48, 1073–
1078. doi: 10.1016/j.cortex.2012.01.001
Tillmann, B., Jolicoeur, P., Ishihara, M., Bertrand, O., Rossetti, Y., and Peretz, I.
(2010). The amusic brain: lost in music, but not in space. PLoS ONE 5:e10173.
doi: 10.1371/journal.pone.0010173
Tillmann, B., Schulze, K., and Foxton, J. M. (2009). Congenital amusia: a shortterm memory deﬁcit for non-verbal, but not verbal sounds. Brain Cogn. 71,
259–264. doi: 10.1016/j.bandc.2009.08.003

Frontiers in Human Neuroscience | www.frontiersin.org

Williamson, V. J., Cocchini, G., and Stewart, L. (2011). The relationship
between pitch and space in congenital amusia. Brain Cogn. 76, 70–76. doi:
10.1016/j.bandc.2011.02.016
Williamson, V. J., Liu, F., Peryer, G., Grierson, M., and Stewart, L.
(2012). Perception and action de-coupling in congenital amusia:
Sensitivity to task demands. Neuropsychologia 50, 172–180. doi:
10.1016/j.neuropsychologia.2011.11.015
Williamson, V. J., Mcdonald, C., Deutsch, D., Griﬃths, T. D., and Stewart, L.
(2010). Faster decline of pitch memory over time in congenital amusia. Adv.
Cogn. Psychol. 6, 15–22. doi: 10.2478/v10053-008-0073-5
Williamson, V. J., and Stewart, L. (2010). Memory for pitch in congenital amusia:
beyond a ﬁne-grained pitch discrimination problem. Memory 18, 657–669. doi:
10.1080/09658211.2010.501339
Wise, K. (2009). Understanding “Tone Deafness”: A Multi-Componential Analysis of
Perception, Cognition, Singing and Self-Perception in Adults Reporting Musical
Diﬃculties. Ph.D. dissertation, Keele University, Staﬀordshire.
Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or ﬁnancial relationships that could be
construed as a potential conﬂict of interest.
Copyright © 2015 Pfeifer and Hamann. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

15

April 2015 | Volume 9 | Article 161

