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ABSTRACT: This study was concerned with self-reported “tone deafness” and
its possible relationship to congenital amusia. Nearly 17% of over 2000 first-
year psychology students at Queen’s University self-reported tone deafness.
Two hundred students were recruited from this pool of students, comprising
100 who reported tone deafness and 100 who reported that they were not tone-
deaf (NTD). The study contained two parts. In part 1, participants completed
the six tests of the Montreal Battery of Evaluation of Amusia (MBEA) devel-
oped by Peretz and collaborators. In part 2, participants completed an exten-
sive questionnaire designed to elicit details about musical experiences, abilities,
training, and interests. Twenty-eight questionnaire items allowing a quantita-
tive response were subjected to factor analysis. Four orthogonal components
emerged from the analysis. The components reflected self-report of (1) vocal
production, (2) music instruction, (3) listening attitudes, and (4) childhood
memories of musical environment. Results for each of the MBEA tests and
composite scores for all tests were regressed on participants’ factor scores. The
best and significant predictors of the MBEA scores were factor I and factor II,
followed by factor III. Factor scores accounted for a higher percentage of the
variance in MBEA composite test results (27%) than the self-report of tone
deafness alone (7%). The musical difficulties revealed by the MBEA test results
for some participants warrant further attention and study. However, an
encouraging conclusion from the MBEA results is that many individuals who
consider themselves “tone-deaf” may not, in fact, have perceptual difficulties,
and these individuals should be supported in any of their efforts to proceed
with music enjoyment and instruction. 
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Tone deafness is a popular term in Western culture, but the referent is not clear.
The term may indicate lack of musical instruction, or lack of interest, or it may
alternatively refer to true musical deficiencies with possibly a number of manifesta-
tions or subcategories of the difficulty. The purpose of the present study was to
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investigate the use of tone deafness as a descriptor by young adults—to explore what
personal characteristics lead to a self-report of tone deafness and to determine
whether perceptual difficulties might accompany a self-report of tone deafness. 

The further motivation was to clarify the relationship between tone deafness and
a musical disorder known as congenital amusia. Congenital amusics display a life-
long selectively musical handicap that is not explained by low intelligence, impaired
hearing, or lack of music instruction.1–3 Language skills, general memory, including
memory for song lyrics, and recognition of speech intonation, are unimpaired. More-
over, no history of brain assault or injury is present; thus the disorder appears to be
of the genuine developmental type rather than an acquired type of amusia. It is prob-
ably hereditary in origin.4 The prevalence is assumed to be around 4–5% of the
population5—although the reliability of this estimate has been questioned.6

Yet, as reported below, the prevalence of self-reported tone deafness in two large
samples of young adults is almost 17%. This relatively large estimate leads to the
suspicion that many of the self-reported “tone-deaf” (TD) may not be amusic. They
may undervalue their abilities, but may, in fact, function normally. Furthermore, they
may, with encouragement, be capable of acquiring and appreciating many of the
social and personal benefits of the musical world.7 On the other hand, other self-
reported TD individuals may be truly amusic and may function abnormally. Behav-
ioral identification of true amusics is important for the future study of the neural and
genetic correlates of musical deficiencies and of learning disabilities in general.

A variety of behavioral tests have confirmed that self-declared amusics are defi-
cient in pitch discrimination and pitch pattern recognition (see, e.g., Refs. 1–3, 6,
and 8), timing tasks that engage pitch as well as temporal processing,1,2 and discrim-
ination of nonlinguistic analogues of speech intonation.1,9 The presence of amusia
is typically verified by low scores, relative to matched controls, on the Montreal
Battery of Evaluation of Amusia.10 The Montreal Battery of Evaluation of Amusia
(MBEA) is a comprehensive behavioral test validated against brain damage of
various types. A strong feature of the MBEA battery is that the individual tests have
been developed to isolate theoretical processing components of a model of music
recognition.11

Amusics in the above studies were typically selected from volunteers who met the
criteria of high general education, childhood music instruction, a history of musical
failure, and absence of neuroaffective cause. The criterion of a history of musical
failure requires the selection of older participants with extensive personal experience
of failure. To what extent amusia may occur in younger populations, and may be re-
flected in their musical self-assessments, is unknown. The purpose of the present
study was to contribute relevant information toward this issue, using the MBEA as a
diagnostic device. 

METHOD

Participants

Prescreening

A prescreening questionnaire was administered to a pool of psychology under-
graduate students entering the first year of study in the fall of 2003 and spring of
2004. The questionnaire included, among other items, questions addressing demo-
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graphic background, years of music instruction, and self-assessment of tone deaf-
ness. Responses were obtained from 1589 students (398 males and 1191 females,
mean age = 19.3; range = 17–51 years). Of these students, 269, or 16.9%, self-
reported tone deafness (males, 15%; females, 17.6%, a nonsignificant difference,
z = 1.15, P > .20). The (point biserial) correlation between self-report of tone deaf-
ness (yes = 1, no = −1) and years of music training was −.15, a significant
(P < .0001) but very weak relation. To assess the reliability of the above figures,
responses from 1222 students in the introductory class were obtained in the fall of
2004 (312 males and 910 females, mean age 18.6; range = 16–68 years). Of these
students, 205 or 16.8% reported tone deafness (males, 15.4%; females, 17.3%, a
nonsignificant difference, z = .76, P > .50). The correlation between self-reported
tone deafness and years of music training was again −.15, a significant (P < .0001)
but weak relation. 

Recruitment Sample

A sample of 200 participants was recruited from the 2003/2004 prescreening
pool. Recruitment was subject to five constraints. The first constraint was to obtain
two groups of equal size (n = 100), with the first group comprising individuals who
self-reported tone deafness, and the second comprising individuals who self-report-
ed no tone deafness. The second constraint was to ensure that both groups represent-
ed the full range of music instruction on the primary instrument reported in the
prescreening questionnaire. Mean years of music instruction for the TD group was
3.04 (range 0 to 20) and for the not tone-deaf (NTD) group 3.89 (range 0 to 21). The
correlation between self-report of TD and years of music training was not signifi-
cant, r (198) = −.05, P = .46. The third constraint was to restrict the age range so that
the sample represented the typically young students in the pool. Mean age for the TD
group was 19.7 years, range 18–26 years, and for the NTD group 19.4 years, range
17–23 years. The fourth constraint was to obtain a male/female ratio similar to the
ratio of males/females in the prescreening pool. For the TD group the proportion of
males to females was 29:71, and for the NTD group the proportion of males to
females was 28:72. The fifth constraint was that participants must not have reported
hearing loss in either ear. 

Materials

Montreal Battery of Evaluation of Amusia (MBEA)

Each participant was tested on the battery of six subtests of the MBEA. The tests
are named the scale, contour, interval, rhythm, meter, and memory tests. Examples
of musical stimuli are shown in FIGURE 1, and the test construction is described in
detail in Ref. 10.

The first three tests address melodic organization. They each contain 30 same–
different trials in which a standard melody (A in FIG. 1) is followed by a comparison
melody. For trials where the comparison melody differs from the standard, one note
is altered in one of the following ways: it is out of the scale of the melody while pre-
serving the contour (B in FIG. 1), it changes the contour of the melody while preserv-
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ing the scale (C in FIG. 1), or it changes the intervallic distance between notes while
maintaining the contour and the scale (D in FIG. 1). 

The fourth and fifth tests address temporal organization. The fourth test is also a
same–different paradigm with 30 trials. For trials where the comparison melody dif-
fers from the standard, the duration of two adjacent notes is changed so that the
rhythmic grouping of the melody is altered (E in FIG. 1). For the metric test, half the
30 trials are written in duple meter and half in triple meter (F in FIG. 1 is an example
of triple meter), and the participant is asked to classify each trial as either a march
or a waltz. 

The sixth test is a memory recognition test in which the participants must
discriminate “old” melodies that they heard in the previous five tests from “new”
melodies similar in style to the old melodies but never heard before. 

Testing was conducted in one of two sound-attenuated booths. A CD recording
of the tests was reproduced in one booth by a Panasonic CD player (4.4 PDS MASH)
through Sennheiser headphones (HD 480) and in the other booth by a Panasonic CD
player (RX-ED 77) through Precision headphones (HD 580).

Self-Assessment Questionnaire

Each participant answered an extensive eight-page pencil-and-paper question-
naire designed to elicit details about childhood exposure to music, music instruction
and involvement, further self-assessment of musical perception and production, and
suspected etiology of musical difficulties. 

FIGURE 1. Example of the stimuli used in each of the six tests of the Montreal Battery
of Evaluation of Amusia (redrawn from Peretz et al.10 FIG. 2). 
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Procedure

Participants were tested individually and were randomly assigned to one of the
two sound-attenuated booths. A test administrator conducted the session; the test
administrator was not informed of the participant’s group assignment (TD or NTD). 

The MBEA was administered first, followed by the questionnaire. The MBEA
tests were presented in a fixed order from test 1 to test 6. Printed sheets with test in-
structions and response forms were distributed one test at a time. For each test, the
test administrator repeated the written instructions, presented the two examples pre-
ceding each test, and answered questions from participants. Each test lasted approx-
imately ten minutes, with a short rest break between tests. 

Participants were allowed unlimited time to write responses to the questionnaire.
The test administrator was available to clarify items, if requested, and also ensured
that there were no unintentionally missing answers. At the end of the session, par-
ticipants were debriefed and allowed to ask questions about the nature of the study.
The entire session lasted approximately 90 minutes. 

RESULTS

MBEA Test Results

FIGURE 2 shows the distribution of mean composite test scores for the TD and
NTD groups. (Composite test scores are the average across the six tests.) For com-
parison, the inset in FIGURE 2 shows the distribution for 120 normal controls (age
14–79 years) and a group of 27 self-reported amusics (age 20–89 years) described
in Peretz et al.10 Three findings to note in the present data: first, the test score dis-

FIGURE 2. Distribution of composite scores on the MBEA battery for self-reported
tone-deaf (TD) and self-reported not tone-deaf (NTD) participants. The insert (from Peretz
et al.10 FIG. 5) shows the distribution of composite scores on the MBEA battery for self-
declared amusics and a normative sample. Striped columns, NTD; filled columns, TD.
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tributions for both groups were skewed; second, there was considerable overlap be-
tween the TD and NTD distributions; and third, there was, nonetheless, a tendency
for NTD participants to obtain higher scores than TD participants. These findings
held generally for the individual tests. The mean and standard deviation for each
group and each test is given in TABLE 1, along with the results of t tests of the differ-
ence between group means, and the point biserial correlation between self-report of
tone deafness and test scores. TABLE 1 reports significant differences between NTD
and TD mean scores; the point biserial correlations in TABLE 1 were also significant
(but accounted for less than 7% of the variance). 

The TD distribution in FIGURE 2 does not seem to match the distribution for con-
genital amusics in Peretz et al.10 (see the inset in FIGURE 2) where perceptual abili-
ties of the amusics appear clearly disadvantaged and separable from the normative
sample. Peretz et al.10 found that 89% of their self-declared amusic volunteers ob-
tained a composite score below a criterion of 77% correct (the mean of controls mi-
nus 2 SD). By contrast, only 11% of TD participants scored below a comparable
criterion obtained from the distribution for 100 NTD participants. This criterion
score for the present sample was 72%. (We have no immediate explanation for the
slight difference between the distribution for the Peretz et al.10 controls and the NTD
participants; we leave the question to future research.)

Prediction from the Self-Assessment Questionnaire

Subsequent analysis sought to determine whether greater prediction of MBEA
results would result from consideration of the extended self-assessment of musical
skills and experience. The analysis proceeded in two steps. First, the responses to
quantifiable questionnaire items were entered into a factor analysis. Second, the
resulting factor scores were used as predictors of self-report of tone deafness and as
predictors of the MBEA scores.

For the first step, item information was summarized through a principal compo-
nents analysis of the correlations among item responses. Although six eigenvalues
exceeded unity, this heuristic is noted for yielding an overextraction of compo-
nents.12 A scree test, Velicer’s13 minimum average partial criterion, and both mean

TABLE 1. MBEA test means with standard deviations (in parentheses) for 100 TD
and 100 NTD participants, t tests of mean differences, and point biserial correlation
between self-reported tone deafness and test scores 

Test TD NTD t r(pbi)

Scale 24.3 (2.9) 25.5 (2.7) −3.16∗∗∗ −.22∗∗∗
Contour 23.8 (3.5) 25.6 (3.1) −3.92∗∗∗∗ −.27∗∗∗∗
Interval 23.7 (3.2) 25.4 (3.4) −3.63∗∗∗∗ −.25∗∗∗∗
Rhythm 25.5 (3.4) 26.4 (3.1) −1.94+ −.136+

Meter 24.3 (5.3) 25.9 (5.4) −2.00∗ −.14∗
Incidental memory 26.8 (2.6) 27.7 (2.5) −2.42∗ −.17∗
Composite 24.7 (2.5) 26.1 (2.3) −3.98∗∗∗∗ −.27∗∗∗∗

NOTE: ∗∗∗∗ P < .001; ∗∗∗ P < .005; ∗ P < .05; + P < .10.
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and 95th percentile values of Horn’s14 parallel analysis criterion all converged in in-
dicating four components that were subsequently rotated to a varimax solution.
Items with factor loadings above .50 on each factor are summarized, in descending
order of weight, in TABLE 2. Inspection of the items led to the following interpreta-
tions. Factor I is primarily assessment of vocal production ability—whether singing
is easy and accurate. Factor II reflects music instruction—primarily the amount of
formal training and practicing. Factor III reflects listening attitudes. A critical term
in the items is often or frequently, with high self-assessment related to a positive
searching for, and engagement with, music. Factor IV reflects childhood memo-
ries—the extent of singing and musical exposure during childhood. The four factors
accounted for 54% of the variance in questionnaire responses. The full list of ques-
tionnaire items and factor loadings for each item are shown in APPENDICES 1 and 2. 

Next, the self-report of tone deafness was regressed on individual factor scores.
For the regression, TD was coded “1” and NTD as “−1.” As shown in TABLE 3, fac-
tors I and III, but not II and IV, contributed significantly to predictions of self-report
of tone deafness. TD participants rated their vocal abilities more negatively than the
NTD and rated attraction to, and engagement with, music less positively than the
NTD. 

Finally, MBEA scores for the composite scores and for individual test scores
were regressed on individual factor scores. Results of the regression are shown in

TABLE 2. Items with highest factor loadings greater than .50 for four independent
components

Factor I. Vocal Production

How well can you match notes when humming along to favorite recorded music?

How easy is singing in general?

How easy is it to sing a note to match one played on the piano?

When singing, can you tell when you are out of tune?

Factor II. Music Instruction

Years of playing a musical instrument

Number of instruments played

Type(s) of music education—e.g., private, group, self-taught, conservatory examinations

At the peak of interest, number of hours per week practicing the main instrument

Factor III. Listening Attitudes

How often do you purposefully listen to music?

How often do you get a tune stuck in your head?

When music is played on the radio, in a store, or on TV,  how frequently can you recognize 
a familiar song in the first two or three notes?

Number of positive responses to music (from a checklist of items)

Factor IV. Childhood Memories 

Was singing encouraged in your childhood environment?

How many members of your family sang to you when you were a child?

How often did you hear music in your childhood?
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TABLE 4. Factors I, II, and III contributed significantly to prediction of composite
MBEA scores; the variance accounted for by the factor scores approached 30%.
Thus, high MBEA scores were associated with more positive ratings of vocal ability,
more extensive musical instruction, and more positive attitudes toward music than
low MBEA scores. Results for the individual test scores were generally similar, with
factors I and II the strongest predictors for all tests.

Tone Deafness and Amusia

We will consider two sets of TD participants scoring at the two different extremes
of the TD distribution. The two sets of TD participants provide examples of discrep-
ancies from the general pattern of results. The regression results yield the expecta-
tion that low MBEA scores will be generally accompanied by low factor scores, and
high MBEA scores will generally be accompanied by high factor scores. However,
some participants did not follow this expectation. 

The first set contains those participants with very low MBEA scores, the 11%
noted above whose scores were below criterion. Although seven had low factor
scores on music instruction (a finding consistent with the regression analysis), four
had average or above average scores on the music instruction factor. In other words,
despite music instruction, the four remain handicapped. Their pattern of low ability
on the MBEA combined with low self-assessment on factors I and III (see the ques-
tions in TABLE 2) suggests that they are likely candidates for the diagnosis of amusia
(see Ref. 10, p. 68).a 

The second set contains TD participants who obtained high MBEA scores. Of the
top 11% of TD scores, nine had below-average scores for factors I and/or III. Their
negative feeling about singing ability and/or music interest is not consistent with

TABLE 3. Results of regression analysis predicting self-report of tone deafness from
factor scores—beta weights for each factor and the multiple correlation

Factor  Beta weight

 I. Vocal production −.41**

II. Music instruction −.09

III. Listening attitudes −.23**

IV. Childhood memories  .03

Multiple correlation

R (n = 200)  .48***

NOTE: ∗∗P < .01; ∗∗∗P < .001

aAs well, two of the TD participants who scored below criterion responded that they could not
tell if they sang out of tune unless someone told them, and six responded that if asked to repeat a
song recently sung to them, they could remember the lyrics but would have problems remember-
ing the tune. These items are similar (the second is not identical) to the items used to select
potential amusics by Peretz.10 In the present study, one individual below criterion responded
affirmatively to both items, and another responded affirmatively to the first but with respect to
the second said neither lyrics nor tunes could be remembered. Both individuals could be consid-
ered particularly likely candidates for the diagnosis of amusia.
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their good scores on the MBEA battery. According to the battery scores, these, and
in fact most other, TD participants in the present study are not candidates for a diag-
nosis of amusia. 

DISCUSSION

Young adult students who self-declare tone deafness are reporting some aspects
of their musical identity. They feel they cannot sing (a finding urging the develop-
ment of a battery for production skills in line with the MBEA for perception) and
they are not particularly drawn to music. Formal music instruction, at least as pres-
ently recovered from questionnaire responses, does not play a major role in self-
assessment of tone deafness. The relationship between self-report of tone deafness
and amount of music instruction is weak at best. 

Self-report of tone deafness alone was not a strong indicator of amusia, as mea-
sured by the MBEA battery. Although the TD group scored slightly but significantly
below the NTD group on all tests, there was considerable overlap in the distribution
of scores for both groups. The majority of participants in both groups scored above
the distribution of scores for amusics10 (reproduced in FIG. 2).

A number of directions could be followed to explain why individuals report tone
deafness when there is no evidence of amusia. One would be to introduce in the
questionnaire items probing the sociocultural context of music lessons and musical
activities. Contexts could include cultural pressures for success, the amount of com-
petition in music classes, and the degree of peer group evaluation. Another direction
would be to reconsider the factor of childhood memories, a factor with no predictive
value in the current study. These questions are the furthest removed from the partic-
ipant’s current experience; memories may be generally inaccessible or may be
biased toward providing an inaccurate account. Information from family members
could usefully verify or contradict early memories and perhaps explain an individu-
al’s negative self-assessment. 

The predictive factors of vocal production and listening attitude deserve two
additional comments. First, with respect to vocal production, it makes sense that pro-
duction deficits will arise from a deficient perceptual/memory system.1 What is not
clear, and deserving further investigation, is why some participants with above-
average MBEA scores rated their vocal production as poor. A reliability check on
the accuracy of self-report is needed, along with further exploration of vocal diffi-
culties. Second, with respect to listening attitude, we may note that individuals who
actively seek out music in their environment and are thereby constantly exposed to
the regular patterns and grammar of music may have internalized mental schemata
for music. These schemata, it has been proposed, guide perception, recognition, and
memory.15 Supportive evidence from the present study is that individuals scoring
high on the listening attitude factor are privileged on the MBEA tests. As a corollary,
it may be proposed that increasing musical exposure will lead to improved test
scores. 

In conclusion, we have learned that the self-report of tone deafness is not a reli-
able indicator of musical difficulty. The label tone-deaf reflects different referents,
two of which were uncovered here—self-assessment of poor singing and lack of mu-
sical interest and exposure. True amusia among the TD, according to our MBEA and
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factor score results, may be very rare. On a complementary note, the MBEA can help
to reveal false amusics—individuals who think they are unmusical but are capable
of normal function.7 In revealing an absence of musical difficulty, test results can be
used to promote encouragement of further musical activity. 
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APPENDICES

APPENDIX 1.

Summary of Questionnaire Items Entered into Factor Analysis

The code for each question indicates the section and order within section in the
questionnaire, followed by the type of response entered in the factor analysis (R =
numerical rating; C = numerical count; Y/N = yes [1], no [0]). Thus, C10-R refers to
the tenth question in section C with a rating entered into the analysis. Ratings were
always oriented so that the high end of the scale reflected a positive response (e.g.,
very easy, very frequently, and so forth). Not all questionnaire items appear below;
some were qualitative and not appropriate for the analysis. The full questionnaire
may be obtained from the contact author. 

The order of questions below corresponds to the order of questions with factor
loadings in Appendix 2. 

C10-R I find it hard/easy to sing or hum along with my favorite recorded music (rate 
ease/difficulty of matching notes).

C2-R How difficult do you find singing in general (rate ease/difficulty)?

C11-R Singing a note to match one played on the piano is a task I find... (rate ease/
difficulty).

C13-R When I sing, I can tell when I’m out of tune (rate ability to tell).

C14-R When I sing, I perform best when… (rate solo vs. group situations).

C6-R I find it hard/easy to repeat a tune someone else has recently sung to me (rate 
ease/difficulty).

C1-R When you listen to music, how difficult is it to hear the difference between 
the notes (rate ease/difficulty)?

C7-R If I imagine the tune Happy Birthday, I can hear the melody in my head (rate 
accuracy).

B3a-C Years of training on primary instrument

B3-C Number of instruments played

B1-C Types of musical education (e.g., private, group, self-taught)

B6-C At the peak of your interest, how many hours per week did you play/practice 
this instrument?

A8-Y/N Were musical instruments played in your childhood environment?

B11-R Given the opportunity, my interest in participating in future musical instruction 
is… (rate very high to nonexistent).

B7-C Regarding your peak of interest (B6), how long did you maintain this peak?

B15-R How often do you purposely listen to music, as opposed to music in your envi-
ronment that you had no part in choosing, e.g., music in stores, elevators, 
restaurants (rate frequency)?

C15-R How often do you get a tune stuck in your head (rate frequency)?

C9-R When music is being played in my environment (e.g., on the radio, in a store, 
on TV), I can recognize familiar songs by the first two or three notes (rate 
frequency).
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B16-C Which of these statements do you agree with (number of positive statements 
regarding music)?

C5-R Rate your ability to memorize a short song (rate excellent to nonexistent).

C12-R If someone played two notes on the piano, separately, and asked me which was 
higher in pitch, I would find this task…(rate ease/difficulty).

A2-Y/N Was choral or individual singing encouraged in your childhood environment?

A1-C Did any members of your family sing to you when you were a child (number of 
people)?

A3-R How often did singing occur in your childhood environment (rate frequency)? 

A5-R How often did you hear music in your childhood environment (rate frequency)?

A6-C Were any of your family members particularly fond of music (number of 
people)?

B13-R I sing in public (as part of a group or solo: e.g., a choir, carols, a sing-a-long, 
hanging out with friends) (rate frequency).

B12-R I sing in private (e.g., in my car, in the shower, in my environment) (rate 
frequency).

APPENDIX 2.  Rotated component matrix with factor loadings

Item

Component

1 2 3 4

C10 .80 .18 .14 .07
C2 .76 .16 .14 .25
C11 .73 .40 .18 .05
C13 .66 .23 .14 .12
C14 .63 −.15 .09 .24
C6 .49 .29 .35 .09
C1 .45 .40 .43 .00
C7 .42 .27 .40 .01
B3a .13 .81 .10 .19
B3 .12 .80 .08 .16
B1 .17 .76 .17 .12
B6 .15 .71 .14 .07
A8 −.01 .49 .09 .45
B11 .30 .48 .29 .10
B7 .14 .46 −.02 .22
B15 −.04 .00 .71 .27
C15 .19 .14 .69 .19
C9 .40 .12 .64 .04

APPENDIX 1. (continued)

Summary of Questionnaire Items Entered into Factor Analysis
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B16 .09 .09 .62 .28
C5 .36 .04 .58 .02
C12 .13 .39 .49 −.06
A2 .21 .29 .04 .69
A1 .13 −.06 .05 .69
A3 .23 .27 .14 .67
A5 .05 .17 .41 .56
A6  −.07 .29 .24 .55
B13 .41 .15 .06 .48
B12 .42 .07 .36 .47

NOTE: Extraction method: principal component analysis. Rotation method: varimax with Kai-
ser normalization. Rotation converged in 7 iterations. Rows are ordered based on the magnitude
of a loading within a component.

APPENDIX 2. (continued) Rotated component matrix with factor loadings

Item

Component

1 2 3 4


