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Music, memory, and Alzheimer’s disease:
is music recognition spared in dementia, and
how can it be assessed?
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Summary Despite intriguing and suggestive clinical observations, no formal research has assessed the possible
sparing of musical recognition and memory in Alzheimer’s dementia (AD). A case study is presented of an 84-year old
woman with severe cognitive impairment implicating AD, but for whom music recognition and memory, according to
her caregivers, appeared to be spared. The hypotheses addressed were, first, that memory for familiar music may be
spared in dementia, and second, that musical recognition and memory may be reliably assessed with existing tests if
behavioral observation is employed to overcome the problem of verbal or written communication.

Our hypotheses were stimulated by the patient EN, for whom diagnosis of AD became probable in 2000. With severe
problems in memory, language, and cognition, she now has a mini-mental status score of 8 (out of 30) and is unable to
understand or recall standard instructions. In order to assess her music recognition abilities, three tests from the
previous literature were adapted for behavioral observation. Two tests involved the discrimination of familiar melodies
from unfamiliar melodies. The third involved the detection of distortions (‘‘wrong’’ notes) in familiar melodies and
discrimination of distorted melodies from melodies correctly reproduced. Test melodies were presented to EN on a CD
player and her responses were observed by two test administrators. EN responded to familiar melodies by singing
along, usually with the words, and often continuing to sing after the stimulus had stopped. She never responded to the
unfamiliar melodies. She responded to distorted melodies with facial expressions — surprise, laughter, a frown, or an
exclamation, ‘Oh, dear!’’; she never responded in this way to the undistorted melodies. Allowing these responses as
indicators of detection, the results for EN were in the normal or near normal range of scores for elderly controls. As
well, lyrics to familiar melodies, spoken in a conversational voice without rhythmic or pitch clues, often prompted EN
to sing the tune that correctly accompanied the lyrics.

EN’s results provide encouraging support for our hypotheses that sparing of musical memory may be a feature of
some forms of dementia and that it may be reliably and quantitatively assessed through behavioral observation. The
contrast between EN’s response to music and her mini-mental status is dramatic.

The article concludes with several considerations why music may be preserved in dementia and suggestions to guide
future research.
© 2004 Elsevier Ltd. All rights reserved.
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Introduction

The powerful methods of cognitive neuropsychol-
ogy have revealed much about the functional archi-
tecture of the brain through case studies of both
the sparing and the loss of musical abilities follow-
ing brain damage. For example, studies have dem-
onstrated dissociations between music and
language abilities: on the one hand, language skills
may be impaired with musical abilities spared
(aphasia without amusia); on the other, musical
abilities may be impaired with language skills
spared (amusia without aphasia). At a finer grain
of analysis, the various components of music itself
— such as the melodic versus the temporal dimen-
sions — may be selectively spared or lost. For col-
lective summaries of this research, see [1—3].

In contrast, the assessment of musical skills in
dementias such as (probable or possible) Alzhei-
mer’s disease (AD) has received comparatively lit-
tle study. Because cognitive research in dementia
faces additional challenges, it is perhaps not sur-
prising that research findings are scarce. First,
the diffuse location of specific brain pathology
and the multiple domains of cognitive deficit make
it difficult to predict and to account for patterns of
loss and sparing of function. Second, the progres-
sive nature of the disease means that the encephal-
opathy is rarely stable, implying little time for a
reliable and extensive assessment of a given state.
Third, current tests and procedures in music per-
ception and cognition — those that have been em-
ployed with brain damaged patients — require
fairly intact memory and cognitive processing skills
to follow test instructions. They seem not to be sui-
ted to the testing of dementia.

Yet, despite the scarcity of research findings,
considerable anecdotal evidence from caregivers
and family members of AD patients suggests that
music is appreciated even in later stages of the dis-
ease. Many reasons for understanding this appreci-
ation can be offered, but not the least is that music
may be a welcome tool for improving the quality of
life in institutions and private homes [4]. However,
it is not clear whether anecdotal descriptions re-
veal the sparing of musical abilities in AD or a more
general response to environmental stimulation.
Several investigators report specific sparing of
musical abilities [5—8]. Unfortunately, the lack of
normal control data makes interpretation unclear;
factors such as age, education, and musical experi-
ence have not been taken into account. In con-
trast, a few other investigators have compared
AD patients with age-matched controls and re-
ported difficulties with musical recognition — even

in those patients with relatively high cognitive
function [9,10]. Familiarity ratings of traditional
tunes showed mild impairment and naming the ti-
tles of the tunes showed moderate impairment,
with respect to age-related controls, although pa-
tients did retain some knowledge of tune identity
[10]. The discrepancy between case study reports
of sparing and laboratory reports of difficulties pre-
sents an apparent contradiction.

Despite these challenges, we hypothesize that
musical abilities, such as memory for familiar mu-
sic, may be spared in dementia. That is, we pro-
pose to add musical recognition and memory to
the list of differential degrees of AD impairments
in domains such as language and visuospatial func-
tion [11]. Moreover, we hypothesize that musical
recognition and memory may be reliably assessed
with existing tests if behavioral observation is em-
ployed to overcome the problem of verbal or writ-
ten communication.

In this paper, we describe an AD patient, EN, who
provides an initial test of our general hypotheses.
Although she suffers severe dementia with marked
deficits in cognition and memory for events, lan-
guage, and physical activity, EN was thought by
caregivers to have normal memory for music. We
assessed this claim by adapting three tests from
the previous literature for behavioral observation.
We report that, compared to controls, EN’s test
scores were in the normal or near-normal range.
We then discuss possibilities for future research.

Case history

EN, born in 1920 in London UK, is a retired (1985)
high-school teacher. In 1998, there was increased
concern about confusion because of an episode of
delirium occurring with pneumonia. The diagnosis
of AD became probable by 2000. She managed with
minimal help in her own home until October 2002,
when she was moved to a small institution near
family.

Surgical antecedents: Two normal pregnancies
and deliveries (1950 and 1951); cervical cone
biopsy, ca. 1965; bilateral cataract surgery, 2002.

Medical antecedents: None

Family history: Mother died in 50s of cervical
cancer; father died in 70s of cerebral thrombosis.
Only brother died age 54 of cerebral hemorrhage.
An older sister is alive and well with normal cogni-
tion at age 89. A non-identical twin sister is alive
with macular degeneration and no other medical
problems; the twin’s husband is living and well.
Both sisters reside in UK.
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Medication: None until donepezil from 2000 to
2002; rivastigmine for two months in 2002; and gal-
antamine since early 2003. The patient has also
been taking Vitamin E, glucosamine, and Ginko bi-
loba since 2001.

Personal, education, work history: The patient
completed high school and business college and
worked as a stenographer in the British forces dur-
ing the war. She emigrated to Canada as a war
bride in 1946, and worked as a homemaker until
her husband’s sudden death in 1963. To support
her family, she returned to work and completed a
BA in 1973. She then trained and worked as a high
school teacher until legal retirement age in 1985.
In retirement, she enjoyed travel, hiking, cycling,
and racquet sports, as well as music.

Music history: As a child, the patient accompa-
nied her father, who was reputed to have perfect
pitch, as he practiced the organ and rehearsed
his church choir. Music was a part of the family’s
social life, and provided EN a rich childhood expe-
rience. While serving in the armed forces in WWII,
she served as a disc jockey and music librarian for
her unit. In the mid 1950s, she began formal piano
training, receiving her grade 8 piano, music theory,
and harmony in about 1960. EN never learned to
play ‘‘by ear’’: she could play the piano only while
reading music and her sight-reading skills were lim-
ited. She also learned to play recorder with an
amateur society and was an avid concert-attendee,
with a taste for early and baroque music. She was
the volunteer choir leader at her local church for
approximately six years. Rather than being for-
mally educated, or musically talented, EN was al-
ways a deeply devoted amateur.

Present response to music: EN has not played an
instrument in many years, but she enjoys listening
to music, especially choral music and that which
was once familiar. She still sings spontaneously in
a given setting, songs that seem to be stimulated
by her environment: ‘‘Oh what a beautiful morn-
ing!”’ ‘*Blue moon,’’ ”’In the bleak midwinter,’’
“*Blow blow thou winter wind.’’ Given a few simple
notes of a song or a hymn, without words, she can
recall the words, sometimes in multiple verses,
sometimes in foreign languages that she never
spoke. She also appears to enjoy — foot tapping,
smiling — music that she might once have scorned,
such as cowboy ballads and salsa. (The latter obser-
vation is consistent with suggestions that listeners’
musical taste may change over the life span [12]).

Physical examination: BP 120/70. Pulse 72 regu-
lar. No abnormalities of chest, heart, abdomen.
Minimal degenerative arthritis of fingers. All find-
ings are neurological and symmetrical. Mild cog-
wheel rigidity. Reflexes difficult to elicit. Plantars

response normal. The patient has been completely
incontinent since January 2003. Her walking was
steady and firm in October 2002 for 2—3 km a
day, but it became increasingly unsteady, with ten-
dency to lean to the side or forward, and frequent
falls, thought perhaps to represent an instance of
Pisa syndrome [13,14]. By January 2004, she was
confined to a wheelchair and could stand or walk
only with support. The motor problem is thought
to represent a form of motor apraxia consistent
with the diagnosis of AD. She converses readily
with a large vocabulary and responds appropriately
to questions of social convention, but a long-stand-
ing problem with nominal dysphasia has degener-
ated into severe problems with speech. Although
speech consists of well articulated words, her sen-
tences are often garbled, incomprehensible, and
incomplete. As she hesitates to search for a word,
the original purpose of the sentence seems to be
forgotten, and she abandons the effort. She some-
times displays mild frustration with this problem,
but her mood is generally cheerful.

Mini-mental status examination: From the time
of diagnosis, EN’s mini-mental status examination
(MMSE) [15] declined slowly over two years in the
25—20 range (normal 30) while on Aricept. In March
2000 her score was 23, in October 2002, it was 18,
declining to 14 by April 2003; from January 2004 to
the present (August 2004) it has been 8. In the early
stages of her disease, the patient’s verbal scores
on MMSE testing were consistently higher than her
orientation, short-term recall, and calculation
scores. She could ‘‘write a sentence’’ without dif-
ficulty, but rarely knew a date, a location, nor was
she able to draw a clock properly, to calculate or to
recall names of more than a few vegetables or ani-
mals when asked to do so within 1 min. Neverthe-
less, she could recognize and name them or point
to them when shown images. In sum, she has se-
vere dementia of the AD type.

Music perception tests

EN was given several tests of music perception and
memory during the fall of 2003 and winter/spring
of 2004. Testing sessions were conducted in a quiet
room in her residence. Each session lasted about
10—20 min.

EN was unable to remember the standard instruc-
tions for the tests and unable to make sense of
printed response sheets. She cannot write. Never-
theless, she appeared to respond to the test mate-
rials by her behavioral and facial expressions, as
described by the test administrator’s observations
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below. Without understanding their purpose, she
clearly enjoyed the sessions.

Familiarity Decision test

This test is the first test of the 1998 version of the
University of Montreal Musical Test Battery [16]. It
consists of 10 familiar excerpts, from vocal (e.g.,
‘*Happy Birthday’’) and instrumental (e.g.,”’ Blue
Danube’’) pieces previously calibrated as familiar,
mixed with 10 unfamiliar excerpts. The unfamiliar
excerpts were the reverse in pitch and time of
the familiar excerpts, i.e., ‘‘retrogrades’’. Ex-
cerpts were generated as synthesized piano tones,
and were recorded on tape. The task is to deter-
mine which excerpts are familiar.

This test is intended as a ‘‘warm-up’’ for the
battery itself; normal controls find it very easy.
For 20 normal controls with mean age 66 years
(range 59—71) and music background similar to
EN, Steinke, Cuddy and Jakobson [17] reported a
mean score of 96% correct (range 80—100). How-
ever, the test is sensitive to musical memory loss.
Peretz et al. [18] have reported specific failures
of familiar melody recognition following bilateral
lesion of auditory cortex.

EN responded to familiar melodies by singing
along, often with some of the words, and often
continuing the melody after it stopped. She never
responded to the unfamiliar melodies. The only
trial missed was trial 10, as EN did not respond to
the French song ‘Il est né le divin enfant’’. Having
been raised in the UK, it is possible EN had never
encountered the song. She did, however, sing along
in French to the tune of ‘‘Frére Jacques’’. With
trial 10 discounted, EN’s score was perfect.

These same findings, with the same scores, oc-
curred on several repeat testings from October
2003 to May 2004. While the scores remained un-
changed, the test administrator noticed that the
recognition responses became slower during this
time period.

Distorted Tunes test

The Distorted Tunes test (DTT) [19] contains 26
popular melodies such as ‘‘Silent Night’’ and
“*Pop goes the Weasel’’. Seventeen of the melodies
were distorted by a pitch change of two to nine
notes, generally within one or two semitones of
the correct note. Rhythm and contour were unal-
tered. Melodies contained synthesized complex
tones and were recorded on CD. The task is to de-
tect which melodies have been altered in pitch and
which are correct.

In their study of genetic correlates of musical
pitch recognition, Drayna et al. tested 284 pairs
of twins aged 18—74 on the DTT [19]. The distribu-
tion of scores was markedly skewed. Although
scores ranged from 9 to 26 correct, about half
(46%) of the sample obtained scores of 25 or 26.
A score of 23 was considered indicative of some
deficit in pitch recognition.

EN responded to the familiarity of the melo-
dies with apparent enjoyment and again hummed
or sang along with the tunes long after the test
music had stopped. However, she responded to
distorted melodies with facial expressions — sur-
prise, laughter, or a frown — or exclamation
*Oh, dear!’’ Allowing these responses as indica-
tors of detection, the result for EN was a score
of 25/26. A replication of the test two days later
also yielded a score of 25/26. The one melody
that she missed on both tests was a distorted
rendition of the ‘‘Battle Hymn of the Republic,’’
in which the error occurred early in the short
melody. As with the French song ‘Il est né le di-
vin enfant’’, EN may not have encountered this
song in her youth.

Famous Melodies test

The Famous Melodies Test was developed by W.
Steinke [17]. It is conceptually similar to the Famil-
iarity Decision Test in that participants are asked
to indicate the familiarity of, and to give the name
of, a series of melodies. However, it is also in-
tended to assess recognition of song melodies
(N = 68) separately from recognition of instrumen-
tal melodies (N=39). There are also eight novel
melodies in the series, for a total of 115 melodies.
Song and instrumental melodies were intended to
be highly familiar for a Canadian sample of normal
controls.

Given the results for the first two tests, we were
concerned whether all the melodies of the Famous
Melody test would have been familiar to EN before
the onset of AD. We obtained from a family mem-
ber a selection of 11 test melodies that EN was
not likely to have ever encountered. These 11 mel-
odies were presented but not included in the final
score (EN did not recognize them).

With behavioral observation as the recognition
measure, EN’s score for song melody recognition
was 86% correct and for instrumental melody rec-
ognition was 64% correct. She falsely recognized
only one of the eight novel melodies. Comparable
results from normal controls, amateur musicians
aged 59—71, were 98% correct for song recognition
(range 91—100%) and 89% correct for instrumental
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melody recognition (range 74—98%). Controls typi-
cally falsely recognized two of the eight novel mel-
odies. Results for KB, an amateur musician aged 66
years, following a right-hemisphere stroke, were
88% for song melody recognition but only 18% cor-
rect for instrumental melody recognition. KB never
falsely recognized a novel melody [17].

EN thus revealed some difficulties with music
recognition on the Famous Melodies test, but her
scores are close to the normal range. It must be
noted that the culling of melodies thought to be
unfamiliar to EN was conservative and EN may never
have encountered other melodies. Thus her scores
may be under-estimated. In any event, she did not
show the failure of instrumental recognition re-
vealed by KB, who, apart from his song melody rec-
ognition ability, fulfils the description of amusia.

Reliability check and final observations

The Familiarity Decision and the Distorted Tunes
tests were re-administered in June 2004 in the
presence of an independent observer. Complete
agreement of scoring was attained between the
test administrator and the observer. It was also
noted that, despite exposure through repeated
testing, the unfamiliar melodies of the Familiarity
Decision test never elicited a recognition response
from EN.

Although normative data are lacking, we tried an
exploratory test of whether EN could correctly
reproduce a familiar tune (such as those on the
Familiarity Decision test) if prompted by spoken
lyrics. The spoken lyrics of 12 tunes (e.g., ‘‘Au Clair
de la Lune’’, *‘Silent Night’’, ‘‘Happy Birthday’’
and ‘‘Frere Jacques’’) elicited correct vocal rendi-
tions of the tune, though only some of the words
were recalled correctly. Two lyrics (‘‘Frosty the
Snowman’’, and ‘‘Santa Claus is coming’’) did not
elicit a sung response, nor did two thought by the
caregiver to be unfamiliar to EN (“‘Il est né’’ and
**The Drummer Boy’’).

In contrast to the production of correct vocal
renditions, EN was unable to complete the lyrics
of the tunes. However, the text of a tune could of-
ten act as a recall cue for the tune itself. This
observation is consistent with an associationist ac-
count of song memory ([17], see also [2]). Accord-
ing to the associationist account, the melody
analysis system and the speech analysis system
for song are distinct, but interconnected through
repeated coincidental activation. Activation of
one system influences the level of activity in the
other. In the case of EN, the speech analysis system
is impaired, but activation of this system, even if

degraded, is nevertheless sufficient to co-activate
an internal melodic representation. The melodic
representation is relatively spared; thus recogni-
tion and recall of tunes are possible.

Discussion

EN’s results provide encouraging support for our
hypothesis that sparing of musical memory may
be detected in dementia and may be reliably and
quantitatively assessed through behavioral obser-
vation. We note dramatic contrast between EN’s
response to music and her mini-mental status. We
also note that evidence of sparing would not have
been recovered with conventional assessment —
conventional assessment requiring verbal commu-
nication would suggest severe musical difficulties.

Many questions then arise: Is music preferen-
tially spared in other cases of AD? Is EN typical of
AD patients who once loved music, or is she an
exception? And further: if such sparing is found
among AD populations, is it an example of the spar-
ing of an over-learned complex cognitive skill or is
music ‘‘special’’?

We propose several research directions to an-
swer these questions. The efforts of test develop-
ers to design reliable, quantitative, music
memory tests for AD patients should be supported
[20]. As well, the repertoire of tests should be flex-
ible for different applications. For example, the
English-born EN’s lack of familiarity with the Amer-
ican ‘‘Battle Hymn’’ or the French carol ‘Il est
né’’ raises an important point: tests must respect
the patient’s date and place of birth, culture,
and taste.

The case-study approach is instructive and
should be pursued. Since the time of Galen, and
probably earlier, experiments in physiology rely
on animal models: a precise lesion — be it surgical
or chemical — is deliberately created so that its ef-
fects can be studied; the loss of function, which re-
sults from the lesion, elucidates the role of the
damaged part in the normal setting [21,22]. These
methods were codified by Claude Bernard in the
mid-19th century to create a paradigm of experi-
mental surgery that became the founding principle
that demarcated the academic discipline of physi-
ology [23,24]. However, when it comes to control
of the more subjective aspects of existence, those
that rely on language for recognition — emotion,
sensation, feelings, and memory — animal models
are limited. Researchers must often rely on ‘acci-
dents of nature,’’ provided by disease or trauma
(e.g., [1,2,17]). We hypothesize that AD provides
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yet another ‘‘accident of nature,’’ for the study of
music memory in dementia and, indeed, all forms
of memory. The case-study approach will detect
patterns of loss and sparing, if they exist — pat-
terns that may be quite specific to an individual.
Where sparing is suspected, a comparison of the
patient’s data with normal controls will reveal
whether sparing is complete or whether the cogni-
tive activity is nevertheless compromised [9,10].

We conclude with several considerations why
music may be preserved in dementia. It may be
that the presence of music, through enhancing a
general level of activation, may prompt motor
activity or memory recall. Two analogies spring to
mind. Could music, with its regular rhythm, act
quasi-mechanically on the verbal and motor sys-
tems, in a manner similar to kinesia paradoxa:
the movement response elicited in a person with
Parkinson’s disease when wooden rungs, placed
on a level, help overcome the extreme, immobiliz-
ing bradykinesia [25—28]? Or, are the words that
come along with a tune evoked by an effect of mu-
sic on emotional state, one that both heightens
comfort and decreases anxiety thereby eliminating
a basic form of verbal apraxia which wells up under
stress?

How does music sparing relate to the sparing of
other cognitive skills? A recent study reported spar-
ing in AD of the skills involved in playing social
games such as bridge and in solving jig-saw puzzles
[29]. Musical memory is another example of a com-
plex skill — a skill integrating pitch, rhythm, tim-
bre, dynamic, linguistic, visual, kinesthetic, and
emotional components. At early stages of auditory
processing, hemispheric specialization may oper-
ate; the right auditory cortex, for example, is spe-
cialized for spectral (pitch) analyses, while the left
auditory cortex is specialized for rapid temporal
resolution [30]. However, complex musical tasks
engage many processes, so that cortical activation
patterns indicate widely distributed and partly
interchangeable brain substrates [31]. In the case
of AD, weakened components may be supported
and reinforced through co-activation processes.
As well, subcortical structures, spared the progres-
sive destruction of cortical tissue, may play an
important role.

Music may be ‘‘special’’, or at least different
from many non-verbal cognitive skills, in that these
distributed neuronal networks are acquired with-
out formal training and intervention [32]. Children
and many, if not most, adults enjoy music without
possessing declarative knowledge of the rules of
composition and vocal production. Much musical
understanding, unlike the specific knowledge re-
quired for expertise at bridge or chess, is held in

common by members of a culture. Thus music spar-
ing may be the most available and accessible form
of the sparing of a complex skill in dementia.

When the enormous burden of dementia in our
aging population is considered together with the
pleasure music provides to all people, our hypoth-
eses should suggest a host of research opportuni-
ties to those who are interested in music and
memory.

Acknowledgements

We sincerely thank EN for her cooperation and pa-
tience, Dr. Jennie Wells, Dr. Donald P. Shedd, Dr. I.
Peretz, Dr. M.C. Olmstead, and Dr. C.L. Krumhansl
for discussion and encouragement, and Ashley Van-
stone for research assistance. Dr. Peretz, Dr. Den-
nis Drayna and Dr. Willi Steinke kindly provided
copies of their test materials.

References

[1] Marin OSM, Perry DWP. Neurological aspects of music
perception and performance. In: Deutsch D, editor. The
psychology of music. 2nd ed. San Diego: Academic Press;
1999. p. 653—724.

Peretz I. Music perception and recognition. In: Rapp B,
editor. The handbook of cognitive neuropsychology: What
deficits reveal about the human mind. Philadelphia,
PA: Psychology Press; 2001. p. 519—40.

Peretz |, Coltheart M. Modularity of music processing. Nat
Neurosci 2003;6(7):688—91.

[4] Koger SM, Chapin K, Brotons M. Is music therapy an
effective intervention for dementia? A meta-analytic
review of the literature. J Music Therapy 1999;36(1):2—15.
Crystal HA, Grober E, Masur D. Preservation of musical
memory in Alzheimer’s disease. J Neurol Neurosurg Psy-
chiatry 1989;52(12):1415—6.

[6] Skloot F. The melody lingers on. In: Sacks O, editor. The
best American science writing 2003. New York: Harper
Collins; 2003. p. 88—95.

[7] Cowles A, Beatty WW, Nixon S et al. Musical skill in
dementia: A violinist presumed to have Alzheimer’s disease
learns to play a new song. Neurocase 2003;9(6):493—503.

[8] Beatty WW, Zavadil KD, Bailly RC et al. Preserved musical
skill in a severely demented patient. Int J Clin Neuro-
psychol 1988;10:158—64.

[9] Halpern AR, O’Connor MG. Implicit memory for music in
Alzheimer’s disease. Neuropsychology 2001;14(3):391—7.

[10] Bartlett JC, Halpern AR, Dowling WJ. Recognition of
familiar and unfamiliar melodies in normal aging and
Alzheimer’s disease. Memory Cogn 1995;23(5):531—46.

[11] Knopman D, Selnes O. Neuropsychology of dementia. In:
Heilman KM, Valenstein E, editors. Clinical neuropsychol-
ogy. 4th ed. Oxford, NY: Oxford University Press; 2003. p.
574—616.

[12] Russell PA. Musical tastes and society. In: Hargreaves DJ,
North AC, editors. The social psychology of music. Oxford,
UK: Oxford University Press; 1997. p. 141-58.

2

—

[3

—_—

[5

[t



Music, memory, and Alzheimer’s disease

235

[13] Garcia C. Pisa syndrome. Nervenarzt 1992;63:434—9.

[14] Patel S, Tariot PN, Hamill RW. Pisa syndrome without
neuroleptic exposure in a patient with dementia of the
Alzheimer type. J  Geriatr  Psychiatry = Neurol
1991;4(1):48-51.

[15] Folstein MF, Folstein SE, McHugh PR. Mini-mental state: a
practical method for grading the cognitive state of the
patient for the clinician. J  Psychiatr Res
1975;12(3):189—98.

[16] Liégeois-Chauvel C, Peretz I, Babai M, Laguitton V, Chauvel
P. Contribution of different cortical areas in the temporal
lobes to music processing. Brain 1998;121(10):1817—8.

[17] Steinke WR, Cuddy LL, Jakobson LS. Dissociations among
functional subsystems governing melody recognition after
right-hemisphere damage. Cogn Neuropsychol
2001;18(5):411-37.

[18] Peretz I, Kolinsky R, Tramo M et al. Functional dissocia-
tions following bilateral lesions of auditory cortex. Brain
1994;117(6):1283—-301.

[19] Drayna D, Manichaikul A, de Lange M, Snieder H, Spector T.
Genetic correlates of musical pitch recognition in humans.
Science 2001;291(5510):1969—72.

[20] York E. The development of a qualitative music skills test
for patients with Alzheimer’s disease. J Music Therapy
1994;31(4):280—96.

[21] Galen. Galen on the Natural Faculties. Loeb Classical
Library, no. 71. London and Cambridge, MA: Heinemann
and Harvard University Press; 1963.

[22] Rothschuh KE. History of Physiology, Risse, GB. (Trans.),
(1973), Huntington, NY: Robert E. Krieger; 1953.

[23] Bernard C. Introduction a l’étude de la médecine expéri-
mentale. Paris: Bailliere; 1865.

[24] Geison GL. Physiology in the American context, 1850—
1940. Boston: American Philosophical Society; 1987.

[25] Martin JP. The basal ganglia and posture. Philadel-
phia: J.B. Lippincott Company; 1967.

[26] Prothero JD. The treatment of akinesia using virtual
images.  http://www.hitl.washington.edu/publications/
prothero/node13.html, 1993.

[27] Riess TJ. Gait and Parkinson’s disease: a conceptual model
for an augmented-reality based therapeutic device. Stud
Health Technol Inform 1998;58:200—8.

[28] Sacks O. Awakenings. London: Duckworth; 1973.

[29] Beatty WW, Winn P, Adams RL et al. Preserved cognitive
skills in dementia of the Alzheimer type. Arch Neurol
1994;51(10):1040—6.

[30] Zatorre RJ, Belin P, Penhune VB. Structure and function of
auditory cortex: music and speech. Trends Cogn Sci
2002;6(1):37—46.

[31] Altenmiiller EO. How many music centers are in the brain.
In: Peretz |, Zatorre RJ, editors. The cognitive neuro-
science of music. Oxford, NY: Oxford University Press;
2003. p. 346—56.

[32] Sloboda J. Musical expertise. In: Levitin DJ, editor.
Foundations of cognitive psychology: Core readings. Cam-
bridge, MA: MIT Press; 2002. p. 565—81.

Available online at www.sciencedirect.com

sc.ence@n.“m@


http://www.hitl.washington.edu/publications/prothero/node13.html
http://www.hitl.washington.edu/publications/prothero/node13.html

	Music, memory, and Alzheimer " s disease:  is music recognition spared in dementia, and  how can it be assessed?
	Introduction
	Case history
	Music perception tests
	Familiarity Decision test
	Distorted Tunes test
	Famous Melodies test
	Reliability check and final observations

	Discussion
	Acknowledgements
	References


