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ABSTRACT

Congenital amusia is an auditory perception disorder
present from birth. It has been presumed to affect only
the musical domain. However, several studies now
show that amusics also have impaired perception of
intonation and linguistic tones.

We show that amusia also influences linguistically
relevant cues other than pitch by investigating the
perception of German front high vowels,
differentiated by duration and formant frequency. We
assessed amusics’ electrophysiological responses,
more specifically the MMN with a multi-deviant
oddball paradigm.

We used an Imer model for the MMN data, finding
significant main effects for group with amusics
having a smaller MMN than controls.

Our study shows that amusia negatively affects
vowel perception and has therefore more far-reaching
consequences for speech perception than previously
assumed. We found differences in the MMN,
reflecting differences in early auditory change
detection.
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1. INTRODUCTION

The condition known as congenital amusia causes
lifelong deficits in the ability to perceive pitch and in
some cases also rhythm. Insufficient music exposure,
hearing loss, or brain damage do not cause the
disorder [1]. The most apparent symptoms to the
affected individuals are various inabilities in the
musical domain such as: Recognition of familiar
melodies, detection of out-of-tune notes or singing, or
clapping and singing along. Hence, congenital amusia
has long been characterized as a music-specific pitch
perception disorder [1]. Musical impairments were
the focus of initial research on amusia. More recent
work, investigated the impact of amusia on language
perception, as pitch is also an important cue in
language, e.g., to disambiguate questions from
statements or to mark focus. Intonation perception
was the first area of speech perception shown to be
affected by amusia [2, 3]. Pitch is also used in other
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linguistic areas, which have been shown to be
affected as well, such as tone language perception [3].
Due to these findings, congenital amusia is now seen
as a domain-general disorder that negatively affects
pitch processing in general [4, 5].

So far, the study of speech perception impairments
caused by amusia has almost exclusively focused on
areas involving pitch as a perceptual correlate of
speech sounds, which is probably due to the fact that
most hypotheses on the underlying deficit of amusia
are based on some form of pitch perception deficit.
Speech, however, also makes extensive use of other
information in the speech signal such as spectral
frequencies. The latter are especially relevant in the
perception of vowels. The quality of a vowel is
usually determined by its lowest two formants, F1 and
F2. According to the tongue position, vowels are
characterized as high vs. low (F1 values), and front
vs. back (F2 values). Other aspects, such as nasality,
rounding of the lips, and steady state vs. inherent
movement also influence formant values, but are
neglected in the present study.

First reports on vowel perception by congenital
amusics appeared recently, all testing native speakers
of tone languages. Huang et al. [6] assessed the
discrimination and identification of two high vowels
in Mandarin and found no difference between
amusics and controls in the identification task, but the
overall discrimination rate of amusics was lower.
Zhang et al. [5] had similar findings for the perception
of two back vowels in Cantonese, and concluded that
the deficit in amusia is not specific to pitch processing
but rather concerns the processing of spectral
frequencies in general.

These studies considered the differences in vowel
quality only and neglected durational differences.
Furthermore, all studies involved tone languages,
while the perception of vowels by amusic native
speakers of non-tone languages has not been tested
yet. And lastly, all studies employed only behavioral
tasks to test vowel perception, while research on
speech perception of non-amusics and on pitch
perception by amusics showed interesting results on
the electrophysiology underlying such behavior.

Different  event-related  potential  (ERP)
components, measuring the brain’s electro-
physiological response to a stimulus, can be used in
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speech perception research. One such component is
the so-called mismatch negativity (MMN), an early
component that reflects an automatic, unconscious
detection of change in a series of stimuli, which can
be recorded without requiring attentive action from
the participant (for reviews, see [7, 8]). The MMN
can be elicited by a change of frequency, duration,
intensity, location or pattern in a stream of speech or
non-speech sounds [9, 10]. Generally, so-called
oddball paradigms are used: A repetitive standard
stimulus is presented many times in a row,
occasionally interrupted by a deviant differing in an
acoustic feature [7, 8]. In so-called multi-deviant
oddball paradigms multiple, different deviants within
a string of one standard are used. The MMN typically
peaks at around 100 to 250 ms after a deviant is
presented, if the participants’ auditory system has
formed a representation of the repetitive aspect of the
standard stimulus [7].

The MMN is ideally suited as a starting point in
investigating the electrophysiology of vowel
discrimination in amusia, as MMN paradigms have
long been used in general auditory but also speech
perception research [7, 9, 10, 11, 12]. The linguistic
MMN is thought to arise not only from auditory
change detection but also from the representation of
speech sounds in long term memory that facilitate the
discrimination process, e.g. [7, 9]. [9] have shown
that the MMN in linguistic research can be used to
establish an auditory discrimination profile, taking
into account duration, intensity, pitch and vowel
differences. Especially vowel quantity, vowel quality
[11] or both together [9, 12, 13] have been researched
with the MMN. Vowel quantity, contrary to other
linguistic features, has been shown to be more right-
lateralized [9, 12] and to elicit bigger MMN
amplitudes than vowel quality changes [9], while
simultaneous changes in quantity and quality elicited
the biggest amplitude [13]. The MMN thus seems
well suited to investigate the neuro-physiological
processes underlying congenital amusia.

A number of studies investigating pitch perception
in amusia have made use of the MMN already, but
with heterogeneous findings: Braun et al. [14] found
the MMN to be absent in amusics for melodies
containing altered notes, while Moreau et al. [15, 16],
using melodies and piano tone sequences, found
normal MMNs in amusics. Reduced, abnormal
MMNs were found by Nan et al. [17] for a subgroup
of tone-language speaking amusics as responses to
lexical tones. Taken together, the aforementioned
findings show that at least some amusics seem to have
absent or reduced MMNs to tonal sequences. All
studies highlighted that it is important to carefully
screen the amusics and to test a group that is as
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homogeneous as possible in their deficits in order for
a clear picture to emerge.

Based on this, the present study looks at a group
of amusics showing both a pitch and a rhythm deficit
of a non-tonal language, German, with a contrast in
vowel quality and quantity. We hypothesize that these
amusics will show reduced MMNs in comparison to
controls. We also assess whether the expected deficit
is present both in vowel quality and quantity,
expecting both will be impaired due to the
participants’ deficit in pitch and rhythm perception.

2. MATERIALS AND METHODS
2.1. Participants

11 amusics and 11 controls matched for age, gender,
handedness, education and musical training
participated. All participants were native speakers of
German, right-handed and had no self-reported
psychological or neurological disorders. They all had
normal hearing defined as a mean hearing level of 20
dB or less in both ears. Congenital amusia was
diagnosed based on the three pitch-based and the
rhythm subtest of the Montreal Battery of Evaluation
of Amusia [18] and a detailed questionnaire about
their educational and musical background. Only
amusics exhibiting both a pitch perception and a
rhythm perception deficit were included in this study
to ensure homogeneity as much as possible.

2.2. Stimuli

Our stimuli were isolated synthetic vowels based on
auditory properties of natural German front mid
vowels. We decided to use mid vowels to avoid
periphery effects, and to utilize vowels that are close
to each other in their height and front-back dimension
in the vowel space, but that differ in quality and/or
quantity. Those considerations left us with the
German front mid vowels /¢/ (short and more open),
/e:/ (long and more open), /e/ (short and more closed)
and /e:/ (long and more closed). All four vowels occur
in German, however only three of them, /¢/, /e:/ and
/e:/, are native to German and therefore regarded as
phonemes, at least adopting a standard view [19], see
the contrast Betten /e/ ‘beds’ — biten /e:/ ‘if they
requested’ — beten /e:/ ‘to pray’, while /e/ occurs only
in loanwords in unstressed position, e.g. in Chemie
‘chemistry’. However, /e/ is considered to be a
phoneme by some phonologists [20, 21].

The durational and formant values for the short,
more open vowel /¢/ and the long, more closed vowel
/e:/ that we employed as basis for the creation of our
stimuli can be found in Table 1. They are based on
acoustic measurements by Jessen [22]. The values of
the other two vowels can be extrapolated from this.






