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Abstract

Based on the idea that music acts as a mnemonic aid, musical mnemonics (i.e., sung presentation of information, also referred
to as ‘music as a structural prompt’), are being used in educational and therapeutic settings. However, evidence in general
and patient populations is still scarce. We investigated whether musical mnemonics affect working and episodic memory
performance in cognitively unimpaired individuals and persons with Alzheimer’s dementia (AD). Furthermore, we exam-
ined the possible contribution of musical expertise. We comprehensively searched the PubMed and PsycINFO databases for
studies published between 1970 and 2022. Also, reference lists of all identified papers were manually extracted to identify
additional articles. Of 1,126 records identified, 37 were eligible and included. Beneficial effects of musical mnemonics on
some aspect of memory performance were reported in 28 of 37 studies, including nine on AD. Nine studies found no ben-
eficial effect. Familiarity contributed positively to this beneficial effect in cognitively unimpaired adults, but require more
extensive investigation in AD. Musical expertise generally did not lead to additional benefits for cognitively unimpaired
participants, but may benefit people with AD. Musical mnemonics may help to learn and remember verbal information in
cognitively unimpaired individuals and individuals with memory impairment. Here, we provide a theoretical model of the
possible underlying mechanisms of musical mnemonics, building on previous frameworks. We also discuss the implications
for designing music-based mnemonics.
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Introduction

There is a popular and long-held belief that music can serve as
a mnemonic device by setting information that has to be learned
and remembered to music (Moussard et al., 2012; Rainey &
Larsen, 2002). The strong statement of Sloboda (1985; p.
268) that ‘music is of immense benefit as a mnemonic aid’
has been adopted by various authors (Rainey & Larsen, 2002;
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Silverman, 2010), and the use of music for the facilitation of
memory performance has been called ‘music as a structural
prompt’ (Madsen et al., 1975). In educational and therapeutic
settings, music has often been paired with social and academic
skills to be learned (e.g., Jellison, 1976; Jellison & Miller, 1982;
Ludke et al., 2014; Wolfe & Hom, 1993). In primary school,
children learn the ABC-song, whereby the alphabet is sung to a
familiar melody (i.e., “Twinkle, twinkle, little star’), to support
the acquisition and recall of letters and their proper order in the
alphabet (Jellison, 1976; Wolfe & Hom, 1993). Furthermore,
children learn for example to identify body parts by singing the
lyrics “Head, shoulders, knees and toes”” (Wolfe & Hom, 1993).
Others have offered a fun and innovative approach to learning
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physics through the use of karaoke (Dickson & Grant, 2003).
Moussard et al. (2012) asserted that music is also used for other
purposes related to memory and association, for example in
advertisements on television (e.g., Yalch, 1991). Moreover,
more general claims about the effects of music listening and
cognitive performance are widespread (e.g., Schellenberg &
Weiss, 2013, see also Box 1 on the “Mozart Effect’). Empirical
evidence on the beneficial effects of using musical mnemon-
ics is, however, limited (Rainey & Larsen, 2002), and studies
so far have largely been conducted in cognitively unimpaired
individuals (Moussard et al., 2012).

Box 1 Music and Its Influence on Cognition

The number of publications on the assumed positive effects
of music on cognitive functioning has increased considerably
after the publication of Rauscher and colleagues (1993), pre-
senting the ‘Mozart Effect’. After listening to Mozart’s piano
sonata K448, the researchers observed a brief improvement
in reasoning skills solving spatial problems in cognitively
unimpaired individuals. Although the specificity of Mozart’s
music was subsequently invalidated, and the finding identified
as an effect of mood and arousal on cognition (Thompson
et al., 2001), various studies evaluating this contextual effect
of music (i.e., mere listening) on cognition have been carried
out, also using other cognitive tasks, and music of other com-
posers. For example, Mammarella et al. (2007) showed bet-
ter working memory performance in cognitively unimpaired
older adults on digit span tasks after listening to Vivaldi. The
mood-arousal hypothesis is also supported by neuroimag-
ing evidence. In an overview of studies using positron emis-
sion tomography (PET) and functional magnetic resonance
imaging (fMRI), Pauwels et al. (2014) argued that listening
to pleasurable music, due to evoked emotions, gives higher
arousal (among other things in the amygdala and hippocam-
pus and the orbitofrontal cortex, para-hippocampal gyrus and
temporal lobes) resulting in temporarily enhanced cognitive
performance in multiple domains. While the specific ‘Mozart
Effect’ is now generally considered a neuromyth (MacDonald
et al., 2017), it appears that listening to music can indeed
affect cognition through arousal mechanisms. However, these
studies focused on the contextual (transfer) effects of listening
to music before the performance of a cognitive task, which
is not the same as the use of musical mnemonics, and thus

beyond the scope of this review.

Musical Mnemonics: A Possible Tool for Cognitive
Rehabilitation in Memory-Impaired Individuals?

The question whether musical mnemonics may have clinical
relevance for memory rehabilitation was posed by Moussard
et al. (2012) in their case study in a person with mild AD.
They reviewed the two only existing studies at the time in
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participants with memory impairments due to AD (Prickett
& Moore, 1991; Simmons-Stern et al., 2010) and showed
an advantage of a sung presentation in persons with AD
despite methodological or task-specific issues. Simmons-
Stern et al. (2010), for example, referred to an anecdote in
which the daughter of a person with AD successfully taught her
non-musician father about current events through singing
the new stories to the melody of a popular song, suggesting
that AD non-musicians may also benefit from music. Silverman
(2010, 2012) described that prior studies on musical
mnemonics focused on familiar types of verbal information
(i.e., multiplication tables, phone numbers, random numbers
and types of text) and unfamiliar and novel types of verbal
information in various populations (i.e., young children, chil-
dren diagnosed with learning impairment or with cognitive
impairment, persons with Multiple Sclerosis (MS), dyspha-
sia, and nursing-home residents with memory loss due to
Alzheimer’s disease (AD)). However, despite the widespread
informal use of music as a mnemonic aid in both general and
patient populations, the research on this topic in this patient
group is still limited (Simmons-Stern et al., 2010) and there
is a clear need for future research to unravel mechanisms
through which musical mnemonics might aid episodic mem-
ory functioning in AD. Furthermore, research in AD to date
has mainly focused on the functioning of long-term episodic
musical memory (Moussard et al., 2012, 2014; Simmons-
Stern et al., 2010, 2012). To our knowledge, no research was
reported on the use of musical mnemonics in working mem-
ory paradigms in persons with AD, focusing on the ability to
keep information active for a brief period of time in order to
manipulate it (Baddeley, 2000), or provide additional struc-
ture to allow transition to long-term memory for those with
impaired working memory (Rainey & Larsen, 2002).

Music as a Mnemonic Aid: Possible
Underlying Mechanisms

Music is not a unitary concept, but is made up of diverse
components such as melody and rhythm. These and other
single or combined components have been identified as
possible facilitating aspects of music as a mnemonic aid.
When music is used as a mnemonic, rhythm was found
to increase the ability to chunk information in order to
increase the likelihood of encoding and recall (Silverman,
2012). Schon et al. (2008) concluded that pitch may even
be effective without addition of rhythm. Others concluded
that the melody, which also includes pitch structure, is
more effective than only rhythmical information (Ludke
et al., 2014; Wallace, 1994). In addition, the complete
musical context has also been identified as a facilitat-
ing aspect of music as a memory enhancer. Schellenberg
and Moore (1985) for example, found that the complete
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musical context, including pitch (e.g., scale, mode, con-
tour) and rhythm (e.g., beat, meter) contributed to a mean-
ingful musical context, making a passage easier to learn.
They also proposed that pitch and rhythm are two aspects
of an interactive system, and that removal of one of these
parameters might strongly weaken the meaningful context,
or the aiding component. McElhinney and Annett (1996)
concluded that the integration of text, melody and rhythm,
provided by the musical presentation, could have promoted
better organization of information and thus might have
enhanced recall. The relevance of the complete context is
also supported by the notion of a “joint accent structure”
in music (Jones, 1987), that is an integrated combination
of the pattern of perceptual accents in pitch, rhythm, and
other musical characteristics, that can function as cues for
memory by inducing enhanced attention to specific time
points in the music. Rainey and Larsen (2002) suggest that
a basis to predict successful memory enhancement through
music can be derived from research findings on the stor-
ing process of the music and lyrics of songs (separately,
or integrated in a single representation).

In their review on the effects of music on verbal learn-
ing and memory, Ferreri and Verga (2016) discussed several
potential mechanisms. First, music may function as a tempo-
ral scaffold, thereby selectively directing attention, and thus
reinforce and facilitate learning and memory. Next, music
enhances arousal and mood, which has been shown to benefit
aspects of cognitive function. Finally, music may activate
the reward system through induction of emotional responses.
Ferreri and Verga (2016) were the first to review studies on
the specific benefits of music on verbal learning and memory,
dividing them into studies using a ‘sung vs. spoken’ encoding
paradigm or those using background music. They further-
more proposed a model on effects of music on learning and
memory in order to explain how different mechanisms might
be involved in the previously described paradigms (i.e., sung
vs. spoken or background music).

Ferreri and Verga (2016) hypothesized that recruitment
of these different cognitive mechanisms (i.e., temporal scaf-
folding, arousal-mood, emotions-reward) critically depends
on the complexity of the musical stimulus such as tempo,
mode, arousal, and length, and the experimental paradigm
used (sung vs. spoken or background music). This results
in either a direct action of the musical stimulus on the ver-
bal material (i.e., temporal scaffolding mechanisms allow
anchoring between the verbal and musical stimulus thus
resulting in attention direction and possible improvement of
memory performance) or, with more complex musical stim-
uli (e.g., classical background music) in an indirect action
via general-purpose mechanisms (attention, arousal-mood,
emotions-reward). Finally, Ferreri and Verga (2016) men-
tioned that their model does not consider familiarity of the

melody, but they argued that it possibly could modulate the
proposed combined effects of the musical and verbal stimulus.

Emotion and general arousal have also been suggested as
a possible mechanisms for enhanced verbal memory seen
in an AD population (Moussard et al., 2012; Ratovohery
et al., 2019). Another notion, put forward by Moussard
et al. (2012), is that shared syntactic processes for music
and language may aid memory for songs in AD through
enhanced connections between the melody and the lyrics.
Finally, Ratovohery et al. (2019) also discussed the deeper
and richer encoding (Craik & Lockhart, 1972), and the role
of the spared musical processing in AD in contrast with
language processing deficits. Furthermore, they noted that
aspects inherent to music such as complexity, tempo and
harmonic structure, may also contribute to the assumed
effect of music as a mnemonic aid.

Aim of Our Systematic Review

Here, we examined whether the use of musical mnemon-
ics (i.e., sung presentation of verbal information) leads to
enhancement of working and episodic memory performance
in both cognitively unimpaired individuals and in patients
with AD (in which working or episodic memory impair-
ments typically occur, Kessels et al., 2015; Kirova et al.,
2015). We performed a systematic review anticipating that
most studies would have small sample sizes, have heteroge-
neous and varying methodological approaches, and without
standardized outcome measures precluding formal quantita-
tive meta-analysis. Also, we explored which aspects of music
may be relevant in memory enhancement (e.g., familiarity of
the melody) and where possible, also taking into account the
effect of musical expertise (i.e., an umbrella term referring
to musical background and training of the participants, oper-
ationalized in different ways in the included studies, rang-
ing from regular informal music activities to formal music
studies or professional musicianship) on degree of benefit
of musical mnemonics. We synthesized our findings into a
theoretical account of the underlying mechanism building
on the model of Ferreri and Verga (2016), to help set up a
framework for future empirical studies to clarify how music
(i.e., aspects of the musical stimulus, stimulus complexity,
paradigm) could contribute to the processes of memory in
terms of encoding, maintenance and retrieval, also taking
into account personal aspects (e.g., cognitive ability, musi-
cal expertise). Finally, we provided recommendations for
future research through a list of guidelines of what specific
information future researchers should report regarding the
musical and verbal stimulus and for clinical use (e.g., for
memory rehabilitation in people with cognitive impairments
including mild cognitive impairment (MCI) and AD).

@ Springer
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Methods
Search Strategy

A systematic search of the literature through the following
information sources, that is, the PubMed and PsycINFO
databases simultaneously, was completed on May 9, 2022,
using a search strategy with combinations of the follow-
ing search terms (or truncated versions): ‘music’, ‘work-
ing memory’, or ‘episodic memory’, in accordance with
the PRISMA guidelines (Page et al., 2021a, b; Page et al.,
2021a, b)(See supplementary materials for our PRISMA
checklist). Because of the limited amount of literature on
musical mnemonics, we decided not to narrow the search
results in advance by already searching with the search terms
MCI and AD. As we did not find studies on musical mne-
monics in persons with MCI, we here describe the results in
the general population and for those with AD.

Study Selection

For this review only original research articles published in
scientific journals were selected when the following eligibil-
ity criteria were met, namely: a) using musical mnemonics
in an experimental setting, and b) measuring the perfor-
mance on a memory test (i.e., a test measuring a specific
memory process such as encoding, retrieval or recall) as
an outcome measure. Musical mnemonics were defined
as a musical presentation (i.e., sung (using pitch) digits or
words). Furthermore, when musical expertise (umbrella
term referring to musical background and training of the
participants, ranging from regular informal music activi-
ties to formal music studies or professional musicianship,
specified in various ways in different papers) was included
as a covariate these results were also reviewed. Reviews
(or articles) not containing original data, studies not pub-
lished in English, studies published before 1970, studies
concerning music therapy not specifically aimed at remem-
bering verbal material, or using music as a context, studies
on evoked musical autobiographical memories, studies on
tonal working memory, patient studies that did not focus on
MCI or AD, and animal studies were excluded. Regarding
the selection process, first, these criteria were examined by
careful screening of the titles and abstracts by one author
(MWD, with assistance from RPCK). Subsequently the
full-text papers were screened to assess whether they met
our inclusion criteria by one author (MWD, with help from
RPCK). For each identified paper in the review, the refer-
ence list was also manually extracted to identify additional
articles. Finally the reference lists of the additional articles
were also manually extracted to identify additional articles
by one author (MWD, with assistance from RPCK). The
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data collection process consisted of collection of the data
from the included reports by one author (MWD) with criti-
cal input from RS and RPCK. No tools on study risk of bias
assessment were used.

Data-analysis

For each paper only the paradigms of interest (i.e., compar-
ing the performance on a verbal memory test after musical
vs. spoken presentation as data items) were considered in
accordance with our inclusion criteria (for instance, when
papers reported multiple experiments) and the corresponding
effect sizes were recorded. We collected data on the report
(e.g., author, year), participant characteristics (i.e., popula-
tion, number of participants and age (mean and standard
deviation/range), musical expertise) and the research design
(item characteristics, i.e., materials for memorization and
musical stimulus embedding (paradigm, learning phase and
testing phase), and memory domain). If data were miss-
ing (for example regarding age), this was noted with ‘not
reported’ (N.R.)(See Table 1). For the studies included in
which effect sizes were not reported, effect sizes (Cohen’s
d) were computed based on the available data comparing
the intervention (i.e., sung) versus control (e.g., spoken or
for example rhythmically spoken) conditions. Furthermore,
when other effect sizes or statistics were reported, we con-
verted them into Cohen’s d, where possible, using available
calculators (Lakens, 2013; Lenhard & Lenhard, 2016; Lin,
n.d.; Lipsey & Wilson, 2001; Uanhoro, 2017). We interpreted
Cohen’s d in line with common guidelines (i.e., 0.2, small;
0.5, medium; 0.8 large) (Cohen, 1992). The study effect sizes
are listed in Table 1. If possible, the effect sizes were aver-
aged across sub-experiments, but when different paradigms
were used within a study for different sub-experiments, the
effect sizes were calculated separately.

Results
Study Characteristics

The search resulted in a total of 1,126 articles published
between 1971 and 2022. A total of 1,091 articles were
excluded after reviewing the titles and abstracts for eligi-
bility. Full-text articles were retrieved for 35 studies, 14 of
which were eligible for inclusion. Forty-seven additional
studies were assessed after searching the reference lists,
of which 17 additional articles were eligible for inclu-
sion. Finally, fourteen additional studies were assessed
after searching the references lists of the additional studies
included, of which six articles were eligible for inclusion,
which resulted in a total of 37 included papers.



Neuropsychology Review

el
uonejuasaid jsej 10 wnipaw
0 N ¢ dxg ‘mo[s uayjods ‘sa Sung :¢ dxg &0 €61 021 :¢ dxg
QJel :c:ﬁ:omuh_
18°0- - iz dxg parenbo uayjods ‘sa Jung :z dxg (T +0T of iz dxg
qa» uayods 10 opnjard (6£/6€)
SLO AT+ T dxg Wda uayodg dn  ouerd yim Juns 'sA Fung 17 “dxg SOLIAT HAN/AN  (T€) 861 8L 1 dxg VA 000T “Te 12 mo3[ry|
soouanbas yoyd
at SM=W Jo/pue ueds prop (€T/€D) 861
al NeR A AM uayods 10 Sung an uayjods 'sa Sung ueds 81 ANN/AN AN 9 VA “I[IA % Uosi[of
80 AN AV
w7l +IN M UMLIM an uoyods 'sa Sung ueds nS1q HNN/AN IN e VA 9L61 ‘uosIf[of
960 A=W
61 AA+NW
98’1 dI+IN
LL'O I+ (uonnadar wood o1 Suos yD Supyeads
v8'1 AT+W WA uayods 10 Sung 40 4 uayjods 'sa (re)ms 00y) Sung UST[SUg [9AON HIN dwos €16 8¢ -gstueds - GIOT T8 12 POOD
juourredurt
Tl qq+ W so[qey 11-6 0¢ Surures| 4o
870" as - M UONIIM dn  uyods "sa Jung uoneordniny N 11-6 0¢ w €861 ‘197150
(WA) aN
69°0 =N NA oY oAIssed AN udyods 'sa Sung SOLIA] NAN (L0 €9L 4! VO TI0T “[e 19 uosedaq
000 AA= [1z-s1l 0C VA 0661 ‘ZieyosnoN
090 A+ INE B M UMM d  uoods 'sa Sung SOUIBU [EISUIIA N 8 9T D 2% uIzeq)
YLD ALS
€91 I+ T dxg
ALT%® ALS €661
LTO AS=IN T dxd N9 % INM UNLIM d  uoyods 'sa Sung asoid IN 961 8C VA g dxg ‘MR, 29 MIOA[RD
UonRUIqUIOD
/9soxd / Joquinu 8661 ‘A9rs3urg
vT1- N T dxg M uoyodg :g dxg AN g dxg Sung :g "dxg  ouoydoay, :g "dxg AN Ly 6¢ uD g dxg 29 MAA[RD
NAN  (9T) 0'0L L
660 av+an NN (€L 6'7L SI YO
o se) ‘own NAN (LU STL 9
¥8°0- AN AV - INH  oarssed +uayodg 4 ueods ‘sa Sung ‘Kep :s20UIULS o (I°TT) 0°6L S av  LI0T “Tee pieg
Kiepoy Arerrue,g
aseyd aseyd
Sunsay, Sururear] wsipereg [o3uey]
uonezr asnradxd as) w syuednaed
Suippaquud snnuIns [BISNIA J0J S[BLId)RIAI [ed1snyAl By JoN uonendog
(p s,uayo)) 1999 urewop
SIZIS 1YY  disnu Arewrwung AIOWA SINSLIdIBIBYD W) sansLRjdRIRYD JuedpnIRg JpPnIy

Suruonoun,] KIOWSA UO JISJA JO S} SUTUTWEXH SAIPN)S dY) JO SONSLIAORIRY) | d|qel

pringer

a's



Neuropsychology Review

(suore
=N SOLIA]) uayods 10 (punoidyoeq SZU0SY|0J (81/81) [Le-07] L00T
€0 A @ A1 T dxg WA  (Apojour uo) Sung an ut Apojeur) usxjods ‘sa Fung YouaIq Saur'y HAN/AN ST 9¢ 17 "dxg VA ‘ZRI{ 79 anedey
uoyods “sA (Auy umouy 8007 ‘uewpoadg
ar Apg+ N :1 dxg Nda UNLIM AN usouyun/Kpofowr 4n/) Sung sos1on Anood dON 9N TSLI 001 1 "dxg VA % agem-lewng
[erIjew
pajuasaxd isIy
'sA (wyesd
/S8U0S) [erIoYeU [L8-69] 1661
al «t+IN WA uayods pue Sung AN yooads pawkyi/ueyods ‘sa Sung A Suor-op1 AN SL 01 ay  ‘QI00A 2 NOYOLd
#0€0  (ANS SH)AA+IN
(uoyods
#3L°0 SA) YA+ @uTLL SI VO
#L8°0 (NS 's8) AT+ (papnyoxe
(uayods EINN HIN 4SIy) 102
#EL'] SA) AN Wd uayodg d Juayods “sa 1+ &pojow Sung XL aoNdnN  (6'8) 88 e av “[e 19 uossi[ed
¥10T ToWON
al WA IO+ Nd uayods 10 Sung E| uoyods 'sA ung 18I PIOM IN IN 1T av 29 diopuaisoQ
d+40 av
a1 dVO YA+ WL LsL L VO P10C
ari A= WA uayods 10 Sung J/4n uoyods 'sA Sung SOLIAT nAN (TS S LL 8 av “[© 19 pIeSSNOJN
al d+40 TI+IN 2102
al a0 T -IN WA uayjods 10 Sung 440 uayjods 'sa Sung souky AN 89 1 av PN “'[® 19 PIeSSNOIA
(CF:
SI'e T Ie) g4+ N 9661 ‘NoUUY
95°0 as=W WH USNLIM dn uajods 'sa Sung SouA AN 6'1C 0T VA 79 AsuuryigoW
sqr=>Sung
Y0 (SaV 'sh) dd+IW
Sai=3sung [cz-L1]
¥9°0  (SAV 'sA) TM+IN JAE! oY dAIssed 4740 (sav 10 sAr) uayods 'sa Sung SpIOM 9sdUNYD AN €6l w VA 020T 18 9@ BN
EN uayods ueLreSuny [62—81]
6%°0 AR AN INH  oAIssed +uaodg an oruyiAys 10 udyods ‘s Sung % UsSug dvd IN L'1T 09 VA ¥10T "2 19 pn]
al (uayods sA) D=
(40} (fensia sa) D+
[ensIA 1o
a1t (uayods 'sa) Y= uayods sa (ouerd oroydououwr urejoI v pue l61-21] Q10T “119N9g
8L°0- (Tensta 'sa) ¥ - A€ D+ uayodg an £q peruedwoooe) Fung  $as19A POWIAYI XIS AONFW (€1 T91 80T VA 7 uuewye
Ayrepoy Ayrerrure
aseyd aseyd
Sunsay, Surured| wSipereq [o3uey]
uonez asnaadxa as) w syuedppaed
Suippaquud snnuIys [BISNIA J10J S[BLId)BIAI [ed1snyAl By JoN uonemndog
(p s,uayo)) 1999 urewop
SIZIS 109  dIsnuI Arewrung Jediie) 0N SONSLIdIRIRYD W) sonsLRjIRIRY JuedpnIR] pnIy

(ponunuoo) | sjqey

pringer

Qs



Neuropsychology Review

000

JOS=IN

(L'8)98L

[t

YO

TI0T "B 30
08°0 JDD+IN A oY aAlssed an udyods ‘s Sung SOLIAT [2AON aoNdw 0+ 18 1 av UIo)S-SUOUItIS
Se0 VO=IN (W) c9LeL 14! VYO 010z “Te 10
L0°1 av+In el EN VSN2 | AN ujods 'sa Sung $1d100X9 SOLIAT AN+NAN  (9°L) €'LL €I av UI9)S-SuUoWWIS

. ApoPN+IW (ny/ny + A) APOPIN 6102
r'o VA sa (ny/ny + A) ueyods (0£/0€) ‘B1oqzIEM YOS
§S0  Sung+N MV +A M UINLIA dn s (ny/ny + A) Sung ueds u81q HNN/AN N 09 VA 29 UBWLIGALIS

. bz:,_w <20y (reyns o v102

L10°1 N ‘ouerd + |y ‘ouerd) 00y/yN % (39T0A N/2) OO FAN (09 11T ‘F10qzZIIEMDS
1860 ‘oA <IN+IN WM UINLIA dn Sung ueds u81q 09dN (8967 09 VA 29 UBWLIGATIS
(AIN/Aqg/A1rxa1dwod SIpofdIA) (0€/0€)
LLST AQIN <Ay + I WM UINLIM dn Bung ueds 131q HAN/AN N 09 VA CI0T ‘uewioAs
Aqy % youd (A4 29 yond/Aud/yond) (0€/0€)
1290 Nd <A+ AM USNLIM d/4n Sung ueds SIq HAN/AN AN 09 VA 0T0T ‘UBWLISAJLS
(A4 % yond/Auy/uond) (8v/TL)
1L0 +IN M USNLIA dn uayods "sa Sung ueds u81q HNN/AN N ozl VA LOOT ‘uewIdAllg
(Surddewr yoyud
-o[qe[IAs 9[qeLrea) Sung ¢ dxg S'€T 9T VA ¢ dxg
I dxg (Suryorew yoyd
w0 SA ¢ dxg+ N -9[qe[IAs Juesuod) Jung :z "dxg €T 9T VA iz dxg
1 dxg "
Sa! A g dxg+ N NA atsseq an uaodg 7 "dxg  spIOM ASUSSUON AN €z 9T VA :1dxg  800T e 12 uQuds
Surured|
atl aanonpoxd gH + N
Surureay (4H/97]) uoneIoge[d JO junowe 810C
al aandosar gH + N WA UIMNLIA E 29 (woaod) uayods 'sa Sung SOLIAT IN  [+0g-L1] 99 VA “Ie 30 woyny
(4 ¥ WwQl) uoyods 'sa 9T
¥A AP (AN/AJ) orsnu @ riL 9T Vo 6102
v 1 Surpoouq) Qv + N el uayodg 4 [ewawnnsul Jo Apofow uo Jung oI AepAIoAd 1Xa], JNT (18 6°LL €I av  “Te1 K1agoaorey
e 69 ssL o€ VO
PWODAA D uaods ‘sa (AN/A) dsnut 810T
960 D VO Ad+IN WH uayodg 4 [eawnnsul jo Apojow uo Jung 1X9], AONATIN (07 8T 174 VA  “Te 19 A1oyoaoiey
vl TI+W T dxg
(uoyjods
0 'SA) TI=1 7 "dxg pajuasaxd [ensia/uayods sa Sung SoWreU [RUONOL] S'61 201 VA 7 dxg
LY'0 TI+IN T dxg siokerd 2002
90°0 =1 dxg WA uayodg El uoyods ‘sA yq F3ung 110ds sowreN IN L'61 6L VA :1dxg  ‘uasie 29 Aourey
Ayrepoy Ayurerure
aseyd aseyd
Sunsay, Surured| wSipereq [o3uey]
uonezr asnradxd as) w syuednaed
Surppaquid snnuIys [BISNIA J0J S[ELIdBIAI [ed1snyAl By JoN uonemndog
(p s,uayo)) 1999 urewop
SIZISJOIYF  dISnui Arewruing Jediie) 0N SONSLIdIRIRYD W) sonsLRjIRIRY JuedpnIR] apPnIy

(ponunuoo) | sjqey

pringer

a's



Neuropsychology Review

SUOT}IPUOD SSOIOR PAISJIP UOTJBULIOJUI [BQIdA ) JO JUUOD 9y} APnIs SIY) 10}, ‘S SO3PoH # ‘Synpe Sunok
(pasredwrun A[2AnTuSoo) Y4 ‘ueds piom S| ‘AIOWIW SUTIOM /A ‘SUTUIRD] PIOM TA{ ‘SNSIJA 'S4 ‘SISIIA SA ‘[BNSIA A “TRI[TWRJUN /) ‘[eSIBIYI [3UIs Y§ ‘S1dI20Xa araow JUIS 7S ‘@insodxa 9[3
-UIS 7S “JU9iu0d oy1oads g WAyl Ay ‘SUTUIL[I7Y ‘UOTIU)RI2Y ‘@Insodxe pajeadarzy ‘Uonmugooa1ay ‘[[eda1y ‘doudes aanisod A g ‘saseryd ojeroosse paired gy “Guowruedwoooe ouerd yg
‘Aporewr auo o ‘synpe 1op[o (pairedwrun A[PANIUS0D) YO ‘WYAYL OUAYYN ‘P3I10da1 JOU "Y'\ ‘QOU[BA QAIIBTIU AN ‘SUBIOISNW-UOU NN ‘OsTIodXd [edIsnw ou FN ‘Sooua1dyip dnoi3 ou gonN
quowrtuedwoose ou yy ‘sjuedonted jo requnuy ‘usyods < 3uns+ py ‘uayods > 3uns-py ‘uonejudsard uayods 10 Juns B U29MIQ QOUSIQPIP OU =y ‘SUBIDISNW 7y ‘9SNIAAXd [eorsnuwu s yIim
suoszad uey) uonejuasard Suns € uo 10130q wroyrad s11adxo TEOISNW + 77 “OS1IAdXd [RIISNW FJy ‘oW Jy ‘osniadxo [eorsntu mo[ g7 ‘UOTIBIOqR[d MO] 77 ‘SUTUIEd]7 ‘UOTIB[SURI) [ENIUL [ ‘[[edal
JreIpawl Y7 ‘uononpoid 9JBIPIWWI J7 ‘UOITXI] [BIUSW UONIRISANUI 7p4] ‘SutuIed] [eniur-z7 ‘4oeads pojdalip Juejul §(77 ‘9z1s 3099 (drnowered) ay) 9indwod 03 pejrodar ejep Juaroyynsul ‘(77 ‘yuaut
-uedwoooe [ejuAWNNSUL |7 ‘Uoneloqe[d YSIYFH ‘WU2IU0d [eIdUaS )0 ‘[[BII 9211 Y,/ ‘O[eWd) 2, ‘Ter[iure] J JuowWLIadXe ‘dxy ‘[esIedyal papud)xa y7 ‘Krowawr d1posida jy7 ‘uone[suel) pake[op [
‘ueds USIPGQ ‘[[e00I PIKL[OP Y (T ‘SOIPO[OW JURIPIP A ‘[[BOS1 PANd Yy ‘UAIP[IYOYy) ‘uoisusyardwos) ‘AIo)ipneny ‘[[edol papreyy ‘UYooads pajodmp Jnpesgy ‘enuswop s JSWIYZIY JV
quowrtuedwoooe 22y :19pIo [eonaqeydle ul SUONRIAIQQY "(4Poy1oads 9SIMISYIO ssO[un) uayods SNSIOA JSIUI JO UOIIPUOD oY) JO 9FBIURAPE UB 9)JeOIPUI SIZIS JO9YO QANISOJ "UWN[0d JOOJ
sIsnul Jo Arewwns, 2y} ur pauonuaw Afejeredas st s1y) sdnoiS ) JO QUO PAUIIIU0D JO9J Uk JI ‘payroads jou st s1yy sdnoi3 yjoq pauIaduod 1099 ) JI “1opio [edoneqeydre ur paisi| sa[onIy

S[RIDIOWIWOD

UOISIAQ[Q}
EN sansodxo Jo JoquinN Yoenpunos
171 AV +IN T dxg INF g da1ssed ¥ gV IN o[suil ou 'sa oSurf i dxg g dxg IN IN iZ4 VA ¢ dxg 1661 ‘UoIeX
ar PI=N
al =N o1snu JueSunuod sroquinu €661
00T T+IN N WM uayodg d/dn (mo)yirm uayods “sa Sung suoydayay, IN S 01 o) ‘WOH 29 AJI0M
uayods ‘sa (JNQ) Sung
€8°0 +W - dxg SA ¢ "SA (JNO) Sung sa ¢ i "dxg AN 8t VA it dxg
09°0- SN i€ cdxg uayods ‘sa Sung sa | :¢ ‘dxg AN 6¢ VA ¢ dxg
uods oruyIAyx
S0 + T dxg 'sA (INO) Bung sa ¢ :g dxg N ¥4 VA T dxg
uayods
111 +N 1T “dxg Wd UNLIM AN ‘s (NO) Sung sa ¢ :1 “dxg XL HIN swos N 9 VA i1 dxg ¥661 ‘@®[[eA
1 -dxqg 'sa
0L0 ¢ dxg 4 TNI+IN o Sung :¢ “dxg 0T 6¢ :¢ dxg
1 "dxdq 'sa
ar  e¢wrdxgod=mw 40 Sung :g "dxg 1T 6¢ T dxg
I "dxg ‘sa saInseawt Jeis L10T
al e dXg =N W oarssed 2 uayodg AN uoyodg :1 dxg SPIOM [OAON NAN 12 6¢ i1 "dxg /sIuapms [ 39 uduIuIwe],
Ayrepoy Ayrerrure
aseyd aseyd
Sunsay, Surured| wSipereq [o3uey]
UON)BZLIOWIW asnradxd as) w syuednaed
Surppaquid snnuins [eSNIA 10§ S[RLIdJBIA [edIsnAl ady JON uonendog
(p s,uayo)) 1999 urewop
SIZIS )Y  dISnuI Arewruing AIOUIIA! SONSLIdNILIRYD W] sonsLRjIeIRY JuedpnIeg pPnIy

(ponunuoo) | sjqey



Neuropsychology Review

Figure 1 depicts the flowchart of this search. Regarding
the results of the individual studies, Table 1 shows the char-
acteristics of the included papers (see also Supplementary
Table 1 which provides more detailed information about the
differences in learning phase, as well as a more elaborate
description of the included studies). In the reference list
studies with an asterisk reflect that they were included in
this systematic review.

Participant Characteristics

Twenty studies regarding the use of music as a mnemonic aid
were performed in young adults (see Table 1 for the demo-
graphic variables, including age) (Calvert & Tart, 1993; Jellison,
1976; Jellison & Miller, 1982; Kilgour et al., 2000; Lehmann &
Seufert, 2018; Ludke et al., 2014; Ma et al., 2020; McElhinney
& Annett, 1996; Purnell-Webb & Speelman, 2008; Racette &
Peretz, 2007; Rainey & Larsen, 2002; Rukholm et al., 2018;
Schon et al., 2008; Silverman, 2007, 2010, 2012; Silverman &

Schwartzberg, 2014, 2019; Wallace, 1994; Yalch, 1991), one
study used students and university staff (Tamminen et al., 2017),
and five studies were conducted in children (aged 4—13) (Calvert
& Billingsley, 1998; Chazin & Neuschatz, 1990; Gfeller, 1983;
Good et al., 2015; Wolfe & Hom, 1993). One of these compared
learning-impaired elementary school children (with reading,
math or written language difficulties) and typically developing
children (Gfeller, 1983) and one included elementary school
children and young adults (Chazin & Neuschatz, 1990).

In total, eight studies included cognitively unimpaired older
adults (all aged above 65). Two of these studies focused only
on cognitively unimpaired older adults (Deason et al., 2012;
Ratovohery et al., 2018), and six studies on AD had a con-
trol group consisting of cognitively unimpaired older adults
(Baird et al., 2017; Moussard et al., 2014; Palisson et al., 2015;
Ratovohery et al., 2019; Simmons-Stern et al., 2010, 2012).

Nine studies regarding the use of music as a mnemonic
aid have been conducted in persons diagnosed with AD
(Baird et al., 2017; Moussard et al., 2012, 2014; Oostendorp

Fig. 1 Flowchart of Literature
Shearch. Fl;lhls ﬂOVlVCtht reﬁ‘ese;l ts 5 Records identified through searching databases:
the search completed on May 9, £ PubMed —> (k= 543)
2022. k=number of studies n;-: PsycINFO —> (k = 583)
=
) TOTAL: k = 1126
Titles and abstracts evaluated Recqrds excluded (k = 1091):
o0 (k= 1126) Duplicates (k = 235)
£ Animals (k = 4)
§ Reviews and meta-analyses (k = 48)
= No outcome of interest (k = 725)
No population of interest (k = 79)
o, Full-text articles assessed for Full-text articles excluded (k = 21):
= adm_lssmn Contextual use of music (k= 1)
'-a (k=35) No outcome of interest (k = 5)
5 No paradigm of interest (k = 15)
e Studies included
| k=14
( ) Full-text articles excluded (k = 30):
Contextual use of music (k = 4)
Additional studies assessed after No outcome of interest (k = 15)
searching the reference lists No population of interest (k = 1)
= (k=47) Review (k =7)
s Not online available (k = 2)
2 — - No original data (k = 1)
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No original data (k = 3)

—|

Additional studies included

No scientific journal (k = 1)

(k=6)

Studies included in analysis
(systematic review)

(k=37)
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& Montel, 2014; Palisson et al., 2015; Prickett & Moore,
1991; Ratovohery et al., 2019; Simmons-Stern et al., 2010,
2012). No studies on musical mnemonics in persons with
MCI were found.

Materials for Memorization

In all of the studies, participants were asked to remember
verbal information. When working memory was assessed,
researchers used digit span paradigms (Jellison, 1976; Jellison
& Miller, 1982; Silverman, 2007, 2010, 2012; Silverman
& Schwartzberg, 2014, 2019), word span tasks (Jellison &
Miller, 1982), multiplication tables (Gfeller, 1983), mineral
names (Chazin & Neuschatz, 1990), and a telephone number
(Calvert & Billingsley, 1998; Wolfe & Hom, 1993).

When episodic memory was assessed, studies used novel
types of information such as fictional names (Rainey & Larsen,
2002), nonsense words (Schon et al., 2008; Tamminen et al.,
2017), word lists (Oostendorp & Montel, 2014), ballad verses
(Wallace, 1994), text (Palisson et al., 2015), poetry verses
(Purnell-Webb & Speelman, 2008), excerpts of unfamiliar folk
songs (Racette & Peretz, 2007), lyrics (Deason et al., 2012;
Kilgour et al., 2000; McElhinney & Annett, 1996; Moussard
etal., 2012, 2014), lyrics excerpts (Simmons-Stern et al., 2010),
novel lyrics about activities of daily living (Simmons-Stern
et al., 2012), sentences relevant to daily life of older adults
(Baird et al., 2017), text about everyday themes (Ratovohery
etal., 2018, 2019), a foreign language (Good et al., 2015; Ludke
et al., 2014; Ma et al., 2020; Rukholm et al., 2018), lifelong
familiar material in comparison to firstly presented material
(Prickett & Moore, 1991), advertisement slogans (Yalch, 1991),
and prose (Calvert & Tart, 1993).

Musical Stimulus Embedding

Almost all studies compared a sung versus spoken (or com-
bined) presentation of stimuli, but considerable differences
exist between the different paradigms. In the majority of
research, the participants took part on an individual basis
(except in the studies of Calvert & Tart, 1993; Calvert &
Billingsley, 1998; Good et al., 2015; Lehmann & Seufert,
2018; McElhinney & Annett, 1996; Rukholm et al., 2018,
and Yalch, 1991, who used (small) groups). Most research
(except the studies by Good et al., 2015; Oostendorp &
Montel, 2014; Prickett & Moore, 1991, and Wolfe & Hom,
1993) used prerecorded sound files of male or female sing-
ers, with sufficient experience in singing or professional
singers. In most of the paradigms, at encoding, participants
only listened to a musical presentation of information,
but in some studies they actively participated by singing
the to-be-learned information themselves (e.g., Chazin &
Neuschatz, 1990; Good et al., 2015; Oostendorp & Montel,
2014; Prickett & Moore, 1991). Some researchers compared
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a rhythmical, melodic or combined presentation to a spo-
ken presentation (e.g., Ludke et al., 2014; Purnell-Webb &
Speelman, 2008; Silverman, 2007, 2010; Wallace, 1994). Six
studies considered or matched the presentation rate of sung
or spoken material (Baird et al., 2017; Good et al., 2015;
Kilgour et al., 2000; Lehmann & Seufert, 2018; Ludke et al.,
2014; Ma et al., 2020). In several studies the verbal material
was presented bimodally at encoding (i.e., visually and audi-
tory), for example in the study of Rainey and Larsen (2002).
Others used also visually presented text accompanied by a
sung or spoken presentation (Calvert & Billingsley, 1998;
Calvert & Tart, 1993; Deason et al., 2012; Good et al., 2015;
Ma et al., 2020; Ratovohery et al., 2018, 2019; Rukholm
et al., 2018; Simmons-Stern et al., 2010, 2012). Silverman
and Schwartzberg (2019) compared a visual and auditory
versus only auditory presentation. Lehmann and Seufert
(2018) compared learning of a text in three modalities (i.e.,
visual, sung or spoken).

Other aspects of the musical stimulus embedding that
have been considered are melodic complexity, variable vs.
constant syllable mapping, vocalization type, voice timbre
(male/female) and type of instrumental accompaniment,
musical valence, i.e., the emotional value of music (posi-
tive or negative affect), and the familiarity of the melodies
(Ludke et al., 2014; Ma et al., 2020; Ratovohery et al., 2018,
2019; Schon et al., 2008; Silverman, 2012; Silverman &
Schwartzberg, 2014).

Some authors systematically investigated the effect of
familiarity of the melody (Ma et al., 2020; Moussard et al.,
2012, 2014; Prickett & Moore, 1991; Purnell-Webb & Speel-
man, 2008; Silverman, 2010; Tamminen et al., 2017; Wolfe
& Hom, 1993). Other researchers only used unfamiliar mel-
odies (Deason et al., 2012; Gfeller, 1983; Jellison, 1976;
Jellison & Miller, 1982; Kilgour et al., 2000; Lehmann &
Seufert, 2018; Ludke et al., 2014; McElhinney & Annett,
1996; Racette & Peretz, 2007; Schon et al., 2008; Silverman,
2007; Silverman & Schwartzberg, 2014; Simmons-Stern
et al., 2010, 2012; Wallace, 1994). Finally, some studies only
used familiar music (Baird et al., 2017; Calvert & Tart, 1993;
Chazin & Neuschatz, 1990; Good et al., 2015; Palisson et al.,
2015; Rainey & Larsen, 2002; Ratovohery et al., 2018, 2019;
Rukholm et al., 2018) or used a previously learned melody
(Oostendorp & Montel, 2014).

In the vast majority of studies participants were tested
through spoken or written recall. Jellison and Miller (1982)
and Good et al. (2015) gave their participants the choice
if they wanted to sing or speak at recall. Some researchers
instructed their participants to recall the material preferably
in the same modality (i.e., sung or spoken) as they learned
the material (Moussard et al., 2012, 2014) following the
encoding-specificity principle (i.e., how information can be
retrieved depends on how it was stored) (Tulving & Thomson,
1973). Some authors investigated different combinations
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of modalities of learning (sung versus spoken) and recall
(sung versus spoken) (Ludke et al., 2014; Racette & Peretz,
2007). Finally, Lehmann and Seufert (2018) also studied the
effect of listening to the previously learned melody while
recalling the to-be-learned text.

Memory Domain

Nine studies focused on working memory (Calvert &
Billingsley, 1998; Gfeller, 1983; Jellison, 1976; Jellison &
Miller, 1982; Silverman, 2007, 2010, 2012; Silverman &
Schwartzberg, 2014, 2019). Of these, Calvert and Billingsley
(1998) focused on working memory in pre-school children
and Gfeller (1983) focused on elementary school children,
while all others focused on young adults. No studies on
the effects of a musical presentation on working memory
conducted in cognitively unimpaired older adults or persons
with MCI or AD were found.

Three studies focused on working memory as well as on
episodic memory (Calvert & Tart, 1993; Chazin & Neuschatz,
1990; Wolfe & Hom, 1993). Sixteen of the 25 studies on epi-
sodic memory focused on cognitively unimpaired participants
(Deason et al., 2012; Lehmann & Seufert, 2018; Good et al.,
2015; Kilgour et al., 2000; Ludke et al., 2014; Ma et al., 2020;
McElhinney & Annett, 1996; Purnell-Webb & Speelman, 2008;
Racette & Peretz, 2007; Rainey & Larsen, 2002; Ratovohery
et al., 2018; Rukholm et al., 2018; Schon et al., 2008; Tamminen
et al., 2017; Wallace, 1994; Yalch, 1991), of which two focused
specifically on episodic memory in older adults without cog-
nitive impairment (Deason et al., 2012; Ratovohery et al.,
2018). The other nine included persons diagnosed with AD
(Baird et al., 2017; Moussard et al., 2012, 2014; Oostendorp &
Montel, 2014; Palisson et al., 2015; Prickett & Moore, 1991;
Ratovohery et al., 2019; Simmons-Stern et al., 2010, 2012).
Most studies used immediate and recall measures, a few
researchers used recognition measures (Deason et al., 2012;
Ma et al., 2020; Schon et al., 2008; Simmons-Stern et al., 2010,
2012), and some both (Baird et al., 2017; Tamminen et al.,
2017; Yalch, 1991). Some authors used both free and cued
recall measures (Oostendorp & Montel, 2014). Finally, some
authors also included comprehension measures (Lehmann &
Seufert, 2018).

Synthesis of Findings

Overall, 28 out of 37 studies found that a musical (i.e., sung)
presentation had a beneficial effect on some aspect of memory
performance (seven out of nine studies concerning working
memory: Gfeller, 1983; Jellison, 1976; Silverman, 2007, 2010,
2012; Silverman & Schwartzberg, 2014, 2019, and twenty-
one out of 28 studies concerning episodic (or working and

episodic) memory: Calvert & Tart, 1993; Chazin & Neuschatz,
1990; Good et al., 2015; Ludke et al., 2014; Ma et al., 2020;
McElhinney & Annett, 1996; Moussard et al., 2012, 2014;
Oostendorp & Montel, 2014; Palisson et al., 2015; Prickett
& Moore, 1991; Purnell-Webb & Speelman, 2008; Rainey &
Larsen, 2002, Ratovohery et al., 2018, 2019; Rukholm et al.,
2018; Schon et al., 2008; Simmons-Stern et al., 2010, 2012;
Wallace, 1994; Yalch, 1991).

However, some of these authors did not find an effect on
other aspects of the included measures (Calvert & Tart, 1993;
Chazin & Neuschatz, 1990; Good et al., 2015; McElhinney &
Annett, 1996; Moussard et al., 2014; Rainey & Larsen, 2002;
Simmons-Stern et al., 2012; Yalch, 1991), participant groups
(Simmons-Stern et al., 2010), or even a partly detrimental
effect (Gfeller, 1983; Moussard et al., 2012; Wallace, 1994).

Nine studies did not find overall effects of a musical
presentation on memory performance (working memory:
Calvert & Billingsley, 1998; Jellison & Miller, 1982, epi-
sodic memory: Baird et al., 2017; Deason et al., 2012;
Lehmann & Seufert, 2018; Kilgour et al., 2000; Racette &
Peretz, 2007; Tamminen et al., 2017; Wolfe & Hom, 1993).
As before, some of these authors did however find positive
effects in a part of their experiments (Calvert & Billingsley,
1998; Kilgour et al., 2000) or in other cognitive measures
(Lehmann & Seufert, 2018; Tamminen et al., 2017; Wolfe
& Hom, 1993) and in comparison to another control condi-
tion than spoken presentation (Lehmann & Seufert, 2018).
Finally here too, some authors found a detrimental effect
in a part of their experiments (Calvert & Billingsley, 1998;
Jellison & Miller, 1982; Kilgour et al., 2000) or in a part of
the participant groups (Baird et al., 2017). Thus, in general
beneficial effects of musical mnemonics on some aspect of
memory performance were reported in children, young and
older adults with and without memory impairment, however
a minority of studies found no overall effect. In the following
sections, these results are discussed in more detail, start-
ing with the results summarized by participant population
(children, cognitively unimpaired young adults, older adults,
AD, musical expertise of the participants) followed by discus-
sion of the results summarized by aspects of the musical stimulus
embedding (i.e., melody, rhythm, participation at encoding,
familiarity, and other variables) (see also Table 1 and Sup-
plementary Table 1 in the supplementary materials for more
details about specific effects of the included studies).

Children and Cognitively Unimpaired Young Adults

Twenty-eight studies focused on cognitively unimpaired par-
ticipants. Five studies conducted in children showed mixed
results concerning different stages of memory; Gfeller (1983)
found that musical rehearsal together with modeling and cue-
ing significantly aided retention of sung information in both
typically developing and learning-impaired students. Chazin
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and Neuschatz (1990) found only a benefit at immediate
recall of musically presented mineral names; Wolfe and Hom
(1993) found that a sung presentation of a telephone number
at initial learning resulted in fewer learning trials in young
children, however, Calvert and Billingsley (1998) found in
one of two experiments that young children remembered
their telephone numbers best when presented in prose rela-
tive to a song. Good et al. (2015) found that Spanish-speaking
children (aged 9-13) who learned a novel sung English pas-
sage for two weeks, outperformed children who learned the
passage presented as an oral poem (i.e., on verbatim recall,
pronunciation, translation). Furthermore, the recall advan-
tage of the sung presentation still existed at very long-term
recall (six months). Most of the studies performed in young
adults found a significant effect of a musical presentation
of information to enhance aspects of memory performance
(Calvert & Tart, 1993; Jellison, 1976; Ludke et al., 2014; Ma
et al., 2020; McElhinney & Annett, 1996; Purnell-Webb &
Speelman, 2008; Rukholm et al., 2018; Schon et al, 2008;
Silverman, 2007, 2010, 2012; Silverman & Schwartzberg,
2014,2019; Wallace, 1994; Yalch, 1991). Rainey and Larsen
(2002) found no significant effect at initial learning; how-
ever, they did find that relearning the word list a week later
required fewer trials in the sung version.

Others found no significant effect (Jellison & Miller,
1982; Racette & Peretz, 2007; Tamminen et al., 2017), or a
partly detrimental effect (Jellison & Miller, 1982, only for
digit span). Kilgour et al. (2000) initially found an effect
of a sung presentation which reversed after controlling for
presentation rate. Tamminen et al. (2017) on the other hand,
failed to find effects on memory but did find effects of a
sung presentation on learning. In line with this, Lehmann
and Seufert (2018) also did not find any effects of sung ver-
sus spoken presentation on text recall, but only demonstrated
an effect on comprehension (sung vs. visual presentation).

To conclude, only a few researchers have investigated
the use of musical mnemonics in children, showing mixed
results, while the majority of research in cognitively unim-
paired participants that focused on young adults generally
showed beneficial results.

Cognitively Unimpaired Older Adults

Of the 28 studies using cognitively unimpaired participants,
two focused specifically on cognitively unimpaired older
adults (Deason et al., 2012; Ratovohery et al., 2018). Deason
et al. (2012) did not find a significant benefit in recall of
sung lyrics (even) after a one-week delay (to avoid a ceiling
effect), in contrast with persons with AD (from the study of
Simmons-Stern et al., 2010), whose memory performance
was enhanced by musical encoding. Deason et al. (2012)
concluded that maybe there is a fundamental difference in
musical encoding between older adults without cognitive
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impairments and those with AD. Ratovohery et al. (2018) on
the other hand, found a significant better recall of sung lyrics
in cognitively unimpaired older adults. This result however
was only found when the music was positively valenced in
terms of emotional content, regardless of the retention delay.

Interestingly, six of the studies on AD included a control
group consisting of matched cognitively unimpaired older
adults. Simmons-Stern et al. (2010) did not find a benefit of a
sung presentation of lyrics, and Baird et al. (2017) also failed
to find a significant effect of a sung versus spoken presenta-
tion in cognitively unimpaired musicians and non-musicians,
but here before the last learning trials all cognitively unim-
paired older adults reached errorless performance, indicating
a ceiling effect. Additionally, there were no significant differ-
ences found between musicians or non-musicians for any of
the experimental task variables.

The other four studies demonstrated a significant effect of
a sung presentation in cognitively unimpaired older adults.
Simmons-Stern et al. (2012) found a benefit of recall of
sung lyrics concerning general content. Moussard et al.
(2014) only showed a significantly improved delayed (but
not immediate) recall, while Palisson et al. (2015) reported
a significantly improved immediate and delayed recall, and
Ratovohery et al. (2019) found a better recall only for posi-
tively valenced music.

In conclusion, research on the effects of musical mnemon-
ics in cognitively unimpaired older adults is scarce. Only
recently have some researchers focused on effects of musical
mnemonics in older adults, mostly using them as a control
group for persons with AD, again showing mixed results.

Alzheimer’s Disease

Nine studies focused on the effects of music as a mnemonic
device on episodic memory in AD (Baird et al., 2017;
Moussard et al., 2012, 2014; Oostendorp & Montel, 2014;
Palisson et al., 2015; Prickett & Moore, 1991; Ratovohery
et al., 2019; Simmons-Stern et al., 2010, 2012). All studies
except one (Baird et al., 2017) reported a beneficial effect
of a sung versus spoken presentation on episodic memory
functioning in AD.

The first study on musical mnemonics in AD was car-
ried out by Prickett and Moore (1991), who showed that
persons with AD recalled long-familiar songs most accu-
rately (compared to new songs, thymed speech and spoken
words). In line with this, Simmons-Stern et al. (2010) found
a significant better recognition of sung lyrics in persons with
AD, and in follow-up research (Simmons-Stern et al., 2012)
improved memory was reported for only general (rather than
specific) content in a sung compared to a spoken presenta-
tion of novel song lyrics related to instrumental activities of
daily living. This study was followed-up by a case study by
Moussard et al. (2012) in a person with AD, showing that
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singing new lyrics significantly improved the free delayed
(10 min) and long-term delayed (four weeks) recall of words,
albeit after repeated learning trials. Moussard et al. (2014)
confirmed their previous findings in a follow-up patient-
control study; sung presentation of lyrics only significantly
improved delayed (not immediate) recall.

In contrast to Moussard et al., (2012, 2014), Palisson
et al. (2015) found that a sung presentation (familiar melody)
of texts compared to a non-musical association or spoken
presentation not only led to significantly increased delayed,
but also immediate recall, relative to a spoken presentation.
Finally, Oostendorp and Montel (2014) reported that free
and cued recall of word lists significantly improved after
sung presentation in persons with moderate to severe AD.

Although research aimed at musical mnemonics in AD
showed positive results in general, the research paradigms
that have been used vary greatly with respect to musical
stimulus embedding, verbal stimulus, test type (recall versus
recognition) or delay (immediate versus delayed), as did the
participant characteristics. This may explain the heterogene-
ity of the findings.

Musical Expertise

Although musical background and training were operationalized
in different ways, we consider them together under the umbrella
term expertise. Ten studies included musical expertise as a
covariate (Baird et al., 2017; Jellison, 1976; Jellison & Miller,
1982; Kilgour et al., 2000; Racette & Peretz, 2007; Silverman,
2007, 2010, 2012; Silverman & Schwartzberg, 2014, 2019). Per-
formance differences related to musical expertise were found in
nine studies, focusing either on generally higher memory per-
formance in musically trained or expert participants (Jellison
& Miller, 1982; Kilgour et al., 2000; Silverman, 2007, 2010,
2012; Silverman & Schwartzberg, 2014, 2019), or interactions
indicating a larger benefit of musical presentation on memory
performance in participants with more musical expertise (Baird
et al., 2017; Jellison, 1976).

For student participants, Jellison (1976) found that while
song facilitated digit recall in both musically trained and
untrained participants, sung presentation led to a consistently
better performance for the musically trained group. Other
studies on the other hand, did not find a difference between
levels of musical expertise of students in terms of the benefits
of sung versus spoken presentation (e.g., Jellison & Miller,
1982; Kilgour et al., 2000; Racette & Peretz, 2007). However
with regard to verbal recall, Jellison and Miller (1982) found
that musically trained participants recalled more words and
digits than untrained participants, and Kilgour et al. (2000)
also reported that the musically trained participants outper-
formed those without training. Silverman (2007, 2010, 2012)
and Silverman and Schwartzberg (2014, 2019) also repeatedly

reported in young adults that musicians tended to outperform
non-musicians in overall on working memory tasks.

In previous AD research, some researchers either did not
systematically compare participants with different levels of
musical expertise (Oostendorp & Montel, 2014; Prickett &
Moore, 1991; Simmons-Stern et al., 2010, 2012) or explic-
itly focused on non-musicians only (Moussard et al., 2012,
2014). However, Baird et al. (2017) specifically directed their
research to possible differences in the benefits of a musical
mnemonic between musicians and non-musicians (persons
with AD and cognitively unimpaired older adults). Baird
et al. (2017) reported that AD musicians did not show a dif-
ference in memory performance between a sung and spoken
presentation (in contrast to AD non-musicians who actually
experienced a negative effect). However, compared to non-
musicians with AD, musicians with AD performed better
in the sung modality. In contrast, Ratovohery et al. (2019)
focused specifically on persons with AD and a low musical
expertise, and found improvement of text recall of daily-life
themes with a sung (regardless of musical valence) presenta-
tion. They showed that even after a 24-h delay and the pres-
ence of severe memory impairments in persons with AD with
low musical expertise, the musical mnemonic was effective.

To summarize, most studies in cognitively unimpaired
participants found no evidence for musical expertise modu-
lating the effect of a sung presentation of information, except
one (Jellison, 1976). In AD some authors did not systemati-
cally compare musical expertise, others included only musi-
cally untrained participants, however, one study that included
musical expertise as a covariate showed better learning of
sung information in AD musicians (Baird et al., 2017).

Musical Stimulus Embedding

As mentioned above, almost all included studies compared a
sung versus spoken presentation of stimuli (except the studies of
Silverman, 2010, 2012, and Silverman & Schwartzberg, 2014).

Melody Some investigators report that melody contributes
to the beneficial results: Wallace (1994) found better verba-
tim immediate and delayed word recall in a sung condition
compared to other presentations (among which a rhythmi-
cally spoken presentation) thus supporting melody as a
memory enhancer for text if the same, simple melody was
repeatedly heard. Ludke et al. (2014) also reported benefits
of singing (using an unfamiliar melody) immediately and
after 20 min delay compared to (rhythmically) speaking
on verbatim recall of short-term paired-associated phrase
learning in a foreign language (Hungarian) and native lan-
guage (not explained by presentation rate as this possible
confounder was carefully controlled). Similar effects were
described by Rukholm et al. (2018) in adults and in children
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(Good et al., 2015). Schon et al. (2008) found that by con-
stant mapping of melodic information (pitch) to the syllables
of to-be-learned new (nonsense) words arousal and bound-
ary enhancement was reached, presumably contributing to
speech segmentation in learning a foreign language and con-
cluded that especially in the first learning phase (i.e., where
it is needed to segment new words), one may largely benefit
from the structural and motivational benefits of melodic
information in song.

Rhythm Others have found that specifically rhythm yielded
significant positive results compared to a spoken presentation.
Purnell-Webb and Speelman (2008) reported that rhythm, as
compared to an unfamiliar melody and spoken condition,
facilitates verbatim recall of verbal information. Silverman
(2007, 2010, 2012) also described a significant effect of rhyth-
mic presentation on working memory functioning as meas-
ured by experimental digit span task performance.

Participation at Encoding All studies that included active
rehearsal conditions (participants had to sing the to-be-
learned information) (Chazin & Neuschatz, 1990; Gfeller,
1983; Good et al., 2015; Ludke et al., 2014; Moussard et al.,
2012, 2014; Oostendorp & Montel, 2014; Palisson et al.,
2015; Prickett & Moore, 1991; Ratovohery et al., 2018,
2019) showed positive results on some aspect of memory
performance (except the study of Racette & Peretz, 2007).
In contrast, of the studies where encoding consisted of
listening to a sung presentation, 17 out of 25 showed an
effect of a sung presentation on some aspect of memory
performance (Calvert & Tart, 1993; Jellison, 1976; Ma
et al., 2020; McElhinney & Annett, 1996; Purnell-Webb &
Speelman, 2008; Rainey & Larsen, 2002; Rukholm et al.,
2018; Schon et al., 2008; Silverman, 2007, 2010, 2012;
Silverman & Schwartzberg, 2014, 2019; Simmons-Stern
et al., 2010, 2012; Wallace, 1994; Yalch, 1991).

Familiarity Previous research considering the familiarity
of the melody can be divided into research that systemati-
cally investigated the effect of familiarity and research that
only used either unfamiliar or familiar melodies. Familiarity
contributed positively to this beneficial effect of sung pres-
entation in cognitively unimpaired adults, requiring more
extensive investigation in AD. In sum, four of the eight stud-
ies that systematically assessed the effect of the familiarity
of the melody or rhythm, found a positive effect (Prickett &
Moore, 1991; Purnell-Webb & Speelman, 2008; Tamminen
et al., 2017; Wolfe & Hom, 1993), four failed to find an
effect of familiarity (Ma et al., 2020; Moussard et al., 2012,
2014; Silverman, 2010). In the following we will discuss
the findings in the cognitively unimpaired participants first,
followed by findings in AD.
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In cognitively unimpaired participants, research that sys-
tematically evaluated the effects of familiarity of the mel-
ody found that a familiar melody or rhythm (i.e., present-
ing in a temporal pattern including strong and weak beats
that complements the natural meter of spoken text, derived
from a well-known melody; Purnell-Webb & Speelman,
2008) facilitated learning (Tamminen et al., 2017) or recall
(Purnell-Webb & Speelman, 2008; Wolfe & Hom, 1993).
However, Silverman (2010), did not find any difference in
reduction of the working memory overload when a familiar
melody was used, as compared to an unfamiliar melody. Ma
et al. (2020) found also no difference in immediate and long-
term memory performance between a familiar and unfamil-
iar melody. Several studies in cognitively unimpaired partici-
pants used unfamiliar melodies; nine of these sixteen studies
found a positive (or partly positive) result (Gfeller, 1983;
Jellison, 1976; Ludke et al., 2014; McElhinney & Annett,
1996; Schon et al., 2008; Silverman, 2007; Silverman &
Schwartzberg, 2014, 2019; Wallace, 1994). Seven studies
used a familiar melody, of which five studies found a posi-
tive (or partly positive) result (Calvert & Tart, 1993; Chazin
& Neuschatz, 1990; Good et al., 2015; Ratovohery et al.,
2018; Rukholm et al., 2018).

In research on AD, only one of the three studies that sys-
tematically compared the familiarity of the melody (Moussard
et al., 2012, 2014; Prickett & Moore, 1991) reported that a
familiar melody facilitated the recall (Prickett & Moore, 1991).
Moussard et al. (2012) found a detrimental effect of an unfa-
miliar melody at initial learning. Two studies used an unfamil-
iar melody and found some positive results (Simmons-Stern
etal., 2010, 2012), the four remaining studies used a familiar or
familiarized (Oostendorp & Montel, 2014) melody, of which
three studies found a positive result (Oostendorp & Montel,
2014; Palisson et al., 2015; Ratovohery et al., 2019). Baird
et al. (2017) observed no overall effect of a sung presentation
using a familiar melody (although AD musicians did ben-
efit compared to AD non-musicians).

To summarize, studies that systematically compared
familiarity in cognitively unimpaired participants showed an
advantage of a familiar melody (or rhythm). However, many
studies used only a familiar or an unfamiliar melody, show-
ing mixed results. In AD some researchers systematically
compared familiarity of the melody, others applied either
familiar or unfamiliar melodies only, showing mixed results.

Other Variables Other aspects that have been investigated are
the singer’s sex, the kind of accompaniment, live or recorded
presentation, sensory modality (purely audio or combining
or compared with visual embedding), serial position, degree
of elaboration of the verbal information, speech register with
some melodic features (infant-directed speech), presentation
speed, melodic complexity as well as the emotional valence
of the music. Silverman and Schwartzberg (2014) compared
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recorded melodies using female and male voices and three
kinds of accompaniment (guitar, piano and no accompa-
niment) and found that the use of a male voice and piano
(or no) accompaniment enhanced recall. Silverman and
Schwartzberg (2019) revealed that additional visual input
overloaded working memory, thereby worsening the recall.
Finally, their overall results indicated that information in
primacy and recency positions was best recalled. As men-
tioned, Ratovohery et al. (2018) investigated the impact of the
emotional valence of music in cognitively unimpaired older
adults and found that musical encoding enhanced their recall
only when positively valenced music was used.

Overall, researchers have come to different conclusions
about the contributing factors of music as a mnemonic aid
(e.g., rthythm, melody, position of the information, degree
of elaboration, speech register with some melodic features,
male or female voice, musical accompaniment, live or
recorded presentation, sensory modality, emotional valence,
active or passive rehearsal), leaving no clear answer other
than that it seems that each of these aspects can potentially
have an effect, and it is likely that their combination, leading
to specific accent structures in the musical stimulus that can
direct attention, are important.

Discussion

This systematic review provides an analysis of the effect
of musical mnemonics on memory functioning in children,
cognitively unimpaired young and older adults, and persons
with AD. Additionally, we aimed to clarify which aspects of
music can facilitate memory (e.g., melody, rhythm, familiar-
ity), and consider the possible influence of musical expertise
on the degree of benefit of music as a mnemonic aid.

In most studies, a beneficial effect of musical presenta-
tion was reported although some studies observed no ben-
eficial effect. The findings in younger participants included
a few studies in children showing mixed results, but the
majority of research that focused on young adults generally
showed beneficial results. Studies focusing on cognitively
unimpaired older adults were limited; this group serving pri-
marily as a control for persons with AD. Despite a sparsity
of studies, predominantly positive results of a musical pres-
entation on episodic memory functioning have been reported
in AD. Researchers used varying paradigms (musical stimu-
lus embedding, verbal material, testing method (e.g., imme-
diate or delayed (cued or free) recall or recognition), and
participant characteristics, see Table 1) possibly explaining
the heterogeneity of the findings. However, our findings
support the notion that in AD, the use of a sung presenta-
tion improves episodic memory performance, with only one
study reporting no beneficial effect in AD musicians and

a detrimental effect in AD non-musicians. Possibly in line
with the great variety in research paradigms of the studies
included in this systematic review, the effect sizes ranged
from medium to large. However, several studies failed to
find effects of musical mnemonics, with small effect sizes.

Regarding the relevance of specific musical aspects, it
is important to mention that very few studies systemati-
cally assessed musical components’ potential to facilitate
memory. In previous studies, various musical aspects form-
ing the musical stimulus embedding have been considered.
Taken together, researchers have come to different conclu-
sions about the contributing factors of musical mnemonics
(e.g., thythm, melody, primacy or recency positions, visual,
auditory or combined presentation, male or female voice,
musical accompaniment, emotional valence, active or pas-
sive rehearsal, individual or group participation), leaving
no clear answer other than that it seems that each of these
aspects can potentially have an effect. It is likely that com-
bined accent structures (resulting from a combination of the
emphasis in the verbal material and the accents in the music)
are important. With regard to visual, auditory or combined
presentation, Silverman and Schwartzberg (2019) found that
addition of visual input to auditory presentation hampered
digit recall performance through possible overload of work-
ing memory. With regards to the contribution of the degree
of familiarity of the melody, most research in cognitively
unimpaired participants did not systematically compare
familiar and unfamiliar melodies. A small majority of the
studies that systematically compared familiarity reported an
advantage of a familiar melody (or rhythm). In AD, again
only few researchers systematically compared the familiarity
aspect, showing mixed results. Moussard et al. (2012, 2014)
demonstrated a beneficial effect (only) on delayed recall of
a sung presentation even when an unfamiliar melody was
used, concluding that a sung presentation facilitates ver-
bal memory regardless of the familiarity aspect. One study
found evidence for improved recall after relearning the lyr-
ics belonging to long-familiar songs as compared to lyrics
belonging to a new song (Prickett & Moore, 1991). How-
ever, this could be due to reactivation of existing memory
traces of previously learned lyrics, which is fundamentally
different from learning new lyrics with a familiar melody.

To answer the question whether musical expertise leads
to additional benefits of musical encoding, the findings indi-
cate that musical expertise did not enhance beneficial effects
of a sung presentation of information in most studies with
cognitively unimpaired participants, except in one (Jellison,
1976). In AD studies, some researchers only included musi-
cally untrained participants while others did not systemati-
cally compare levels of musical expertise. However, Baird
et al. (2017) included musical expertise as a covariate and
demonstrated better learning of sung information in AD
musicians compared to AD non-musicians.
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Underlying Mechanisms Proposed from
Previous Studies

Several explanations have been provided for the positive
results of music enhancing memory performance in cog-
nitively unimpaired individuals and individuals with AD,
related to automatic internal rehearsal (e.g., Calvert & Tart,
1993), enhanced structuring and chunking (e.g., Purnell-
Webb & Speelman, 2008; Silverman, 2010, 2012), resid-
ual memory traces of familiar melodies (Baird & Samson,
2009), and emotional valence of the music (Ratovohery
et al., 2018, 2019). These partly overlap with Ferreri and
Verga’s (2016) model, in which a two-fold explanation
focuses on the embedding of verbal material in musical
structures on the one hand, and music-related effects of
mood, arousal and reward on the other. In the following we
will consider these ideas in the light of the reported findings.

Automatic Internal Rehearsal Several authors put forward
the notion that facilitation of delayed memory performance
after musical embedding occurs because of automatic
rehearsal of the music in the intermediate period (relative to
a spoken presentation) (Calvert & Tart, 1993; Gfeller, 1983;
Rainey & Larsen, 2002). Calvert and Tart (1993) refer to the
experience of having a song stuck in your head, and the fact
that one is thus automatically rehearsing the lyrics effort-
lessly. Reports from their participants revealed that they sang
the words to themselves during a retrieval task. Calvert and
Tart (1993) stated that repetition facilitates chunking the
tune and words together (i.e., combining the accent struc-
tures of verbal and musical materials). Through this dual
encoding, later retrieval efforts can be assisted by chunks
of words that are stored with aid of the structural, repeat-
ing pattern of music. Researchers therefore concluded that
songs are a helpful encoding, retrieval and recall strategy for
long-term memory (e.g., Calvert & Tart, 1993; McElhinney
& Annett, 1996).

Enhanced Structuring Another explanation is that rather than
repetition, the time structure or rhythm facilitates the ability
to chunk (Purnell-Webb & Speelman, 2008; Silverman, 2010,
2012). Silverman (2007) concluded that rhythmic grouping
resulted in pre-formed chunks that facilitated sequential recall
and referred to past research on chunking into memory as a
result of the use of thythm (e.g., Schellenberg & Moore, 1985;
Stoffer, 1985). However, in contrast to previous studies (e.g.,
Ee et al., 2015), Silverman et al. (2021) did not report signifi-
cant differences between rhythm and no rhythm conditions.
Purnell-Webb and Speelman (2008) concluded that a famil-
iar thythm, complementing the rhythm of the text, (with or
without musical accompaniment) may provide the attachment
of text to a schematic frame, thus possibly facilitating recall.
Their findings were in line with the integration hypothesis as
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suggested by Serafine et al., (1984, 1986) who asserted that
integrated in a melody, verbal material is changed and thus
remembered differently. Both these ideas rest on the notion
of a ‘joint accent structure’ created from the verbal material
and the music, itself an integrated combination of the pat-
tern of perceptual accents in pitch, rthythm and other kinds of
musical structures (Jones, 1987), providing cues for memory
by inducing enhanced attention to specific time points in the
music. This mechanism is similar to what has been described in
Dynamic Attending Theory (Jones, 1976; Jones & Boltz, 1989),
which focuses on how attention is directed to specific points in
temporally complex structures. Considering Purnell-Webb and
Speelman’s (2008) findings, who referred to this joint structure
as ‘prosodic match’, the dynamic attending mechanisms would
direct attention to the structure resulting from integrating verbal
material with a melody or rhythm. Thus, this may facilitate
memory, especially if the accent structure of the melody and
verbal material are well-matched. Ferreri and Verga (2016) also
build their framework on the idea that melodic and rhythmic
aspects of music provide a template contributing to the forma-
tion of internal rhythm in cortical networks involved in learning
and memory. Notably, as the verbal material often also has a
temporal structure of accents, this is merged with the accent
structure in the music when verbal material is embedded, with
varying levels of fit between the words and the music they are
set to. It is likely that well-fitting accent structures lead to less
complex stimuli, perhaps facilitating encoding.

In AD it has been proposed that structuring mechanisms
might also play a role (Moussard et al., 2012). Moussard
et al. (2014) also referred to previous research supposing that
the melody might provide cues to the structure of the lyrics
(e.g., number of syllables per line) and limit the possibility
of words to be set to the melody (i.e., Wallace, 1994).

Familiarity and Existing Memory Traces The degree of familiar-
ity of the melody (or rhythm) has also been proposed as a rel-
evant aspect of music enhancing verbal memory and which is
hypothesized to build on existing memory traces. Korenman
and Peynircioglu (2004) used music snippets of varying instru-
mental and melodic familiarity and found enhanced recall in
students when melodic familiarity increased. However, the
downside of using a well-known melody may be that there is
interference between the new verbal material to be learned and
the previously overlearned lyrics belonging to a familiar tune. To
avoid this potential problem, some authors specifically chose to
use an unknown song (e.g., McElhinney & Annett, 1996) or to
achieve familiarity with an unfamiliar melody prior to the actual
experiment (e.g., Good et al., 2015; Oostendorp & Montel, 2014,
Tamminen et al., 2017). Van den Bosch et al. (2013) showed that
the level of expectation and predictability which is mediated by
exposure to music, plays an important role in the arousal caused
by the music. So, it could well be that using music that is to some
degree familiar improves verbal memory through arousal.
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In cognitively unimpaired older adults, some research-
ers have shown a beneficial effect of musical mnemonics
(Moussard et al., 2014; Palisson et al., 2015; Ratovohery
et al., 2018, 2019; Simmons-Stern et al., 2012); all of them
used a familiar melody, except Simmons-Stern et al. (2012).
Moussard et al. (2014) varied the degree of familiarity and
found positive results of the highly familiar condition only
in older adults. Ratovohery et al. (2019) supposed that in
AD, a richer multimodal encoding may be the underlying
mechanism of a familiar melody improving verbal memory.
The previous results showed that aging individuals and indi-
viduals with (even severe) memory impairment can also ben-
efit from musical mnemonics. Given the mixed results on
familiarity it can be hypothesized that familiarity might be
linked with arousal mechanisms, possibly improving verbal
memory in cognitively unimpaired participants, whereas
music in general—regardless of the familiarity aspect—may
cause arousal and reward mechanisms more easily in AD,
where cognitive resources may be less available.

Emotional Valence Several authors note that music seems
easier to retain than verbal material, sometimes interpreted
to be due to the strong emotional power of music enhanc-
ing consolidation of memory traces (Ferreri & Verga, 2016;
Samson et al., 2009).

Others revealed that specifically positively valenced music
improved encoding in cognitively unimpaired older adults
(Ratovohery et al., 2018), consistent with the positivity effect
which has been frequently reported (e.g., Kalenzaga et al.,
2016) in normal aging. Furthermore, it was found in AD that
positively valenced music seemed to improve only immediate
performance (Ratovohery et al., 2019).

However, it has also been reported that both positive and
negatively valenced music improved delayed (10 min) ver-
bal memory performance (Ratovohery et al., 2019). In line
with this results, it is suggested that it is the musical experi-
ences themselves, regardless of valence, that is generally
more associated with positive emotions and memories in
AD, leading to reward feelings, enhancing recollection.

Explanations and Interpretation of Conflicting Results

On one side, studies in cognitively unimpaired young adults
generally showed a positive effect of musical mnemonics,
on the other side studies suggested that music decreases the
memory performance through distraction and divided attention
(Ferreri & Verga, 2016). In cognitively unimpaired older adults
results were also mixed, and in AD we found a heterogeneity
within the positive results. We will here briefly discuss the
conflicting results and interpretations of these outcomes.
Various explanations for non-significant results in cog-
nitively unimpaired participants have been given, relating

to varying aspects, such as complexity of the verbal stimuli
(e.g., unusual words, unconnected versus connected text),
musical stimuli (e.g., (un)familiarity), personal aspects (e.g.,
musical expertise), task or practice specifics (e.g., presenta-
tion rate, rehearsal time, modality shift, memory paradigm),
and stimulus complexity in relation to subsequent cognitive
load and selective attention.

With respect to the complexity of the verbal stimulus,
researchers, for example, reported the use of unusual words
(Chazin & Neuschatz, 1990) or unconnected text instead
of meaningful connected information (Rainey & Larsen,
2002). Moore et al. (2008) concluded in their study on per-
sons with MS with regards to the musical stimulus, that the
degree of familiarity with the used song was sometimes
insufficient. Silverman (2007) concluded that the use of
unfamiliar melodies may have resulted in working mem-
ory overload. Lehmann and Seufert (2018) suggested that
the fact that the melody they used did not differ between
every verse line, potentially could have led to simultaneous
activation of multiple verse lines, consequently not being
specific enough to function as an anchor. With regard to
personal aspects, Rainey and Larsen (2002) hypothesized
that differences in musical expertise (leading to differences
in the degree of sensitivity to and effective use of musical
elements, e.g., melody and rhythm) could play a role in the
benefit of music as a prompt at initial learning. Regarding
task specifics, Kilgour et al. (2000) thought that the success
of a sung presentation might rely only on an artefact of pres-
entation rate, which was also controlled for in other studies
(e.g., Good et al., 2015; Ludke et al., 2014). Non-significant
results can also be explained by insufficient rehearsal time,
the memory paradigm used, or a modality shift between the
training and testing phase (Moore et al., 2008). Interestingly,
Good et al. (2015) indeed found that when participants were
allowed to choose in the testing phase whether they wanted
to speak or sing, the children who learned the information
sung almost all chose to sing it back. Concerning stimulus
complexity, Racette and Peretz (2007) supposed that singing
is at least in the first steps of learning to perform a dual task,
because of possible separate memory representations of text
and melody.

In cognitively unimpaired older adults, several explana-
tions have been provided for the mixed results of musical
mnemonics. Most of the previous studies included them as
controls to AD, which might have led to a ceiling effect
(Ratovohery et al., 2018). Ratovohery et al. (2018) men-
tioned that the use of a recognition paradigm could have
been too easy (e.g., Deason et al., 2012; Simmons-Stern
etal., 2010, 2012).

Turning to the heterogeneity of the predominantly posi-
tive results in the AD population, Ratovohery et al. (2019)
stated for example that the retention delay that was too long
in relation to the disease severity could explain the absence
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of positive results in research of their colleagues (e.g., Baird
et al., 2017). Moussard et al. (2012) concluded in their case
study that singing at initial learning might not help memori-
zation (or only when using a familiar melody). They referred
to the theory of dual representation of song lyrics and the
melody (cf. Hébert & Peretz, 2001; Peretz, 1996; Peretz
et al., 2004), and hypothesized that this causes a slow and
demanding initial memorization in AD but provides a robust
trace, facilitating the retrieval from long-term memory (cf.
Calvert & Tart, 1993; McElhinney & Annett, 1996; Rainey
& Larsen, 2002; Wilson et al., 2006).

Model of Musical Mnemonics in Aging and AD

The aforementioned explanations for the beneficial effects
of music as a mnemonic aid indicate that several factors must
be taken into account: the complexity of the verbal stimulus
(e.g., words, digits, sentences, stories), various aspects of the
musical stimulus (e.g., simple or more complex rhythms of
melodies, familiarity, emotional valence), together resulting
in an overall stimulus complexity, and personal aspects (e.g.,
age, cognitive ability (cognitively unimpaired participants,
cognitively unimpaired older adults, persons with MCI or
AD), musical expertise, musical responsivity), in combina-
tion with task and practice specifics (e.g., presentation rate,
repetition, level of participation, rehearsal time, modality
congruence between training and testing, memory paradigm).
The embedding of the verbal material in the musical stimu-
lus possibly activates diverse mechanisms such as automatic

Personal aspects
(e.g., age,
cognitive ability,
musical expertise,

Fig.2 Proposed Model of the Effects of Musical Mnemonics on
Memory Function. The model includes aspects of the verbal material
(e.g., words, digits, sentences, stories), the music used for stimulus
embedding (e.g., simple rhythms or tones, simple melodies, more
complex melodies, level of familiarity), task specifics (e.g., repeti-
tion, level of participation), and personal aspects (e.g., age, cogni-
tive ability, musical expertise, musical responsivity). Person-specific
aspects are shown in a hexagon, cognitive processes are shown in
ovals, external stimulus, task-, and practice specifics with boxes.
The (mis-)match between accent structures of the musical stimulus
and verbal material together contributes to the stimulus complexity
(i.e., accent structure fit, or combined complexity). The latter influ-
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Task specifics
Repetition,

internal rehearsal, enhanced structuring and chunking, richer
multimodal encoding and the eliciting of emotion, arousal and
reward mechanisms. We assume based on the diverging results
of previous research, that in each individual a specific combi-
nation of these factors influences the degree of cognitive load,
selective attention, and the affective response, resulting in an
enhanced, unaffected, or even degraded performance in work-
ing memory encoding and long-term memory retrieval.

The above considerations can be summarized in a theo-
retical framework (see Fig. 2), thereby building on the sung
vs. spoken part of the model by Ferreri and Verga (2016) as
we hypothesize it applies to cognitively unimpaired older
adults, and persons with MCI or AD. Specifically, we fur-
ther elaborate on the nature of full stimulus complexity by
including the result of the complexity of the verbal and
musical stimulus separately and their accent structure fit, as
well as personal and task characteristics, in the context of
cognitive load (which may be especially relevant for aging
or cognitively impaired populations).

The model indicates several ways in which musical
embedding of verbal material may support memory func-
tioning, and includes the aforementioned aspects that might
play a role in making music a successful mnemonic aid
in various points of the process of memorization, such as
aspects of the verbal material, the musical stimulus embed-
ding, task and practice specifics, and personal aspects
(e.g., age, cognitive ability). The musical stimulus and ver-
bal material together might create a match (or mismatch)
resulting in the overall stimulus complexity for that specific
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Memory
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|
|
1
|
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Musical stimulus responsivity) | ‘fcfi"e. | Practice specifics | £
(e.g., simple rhythms or tones, I participation, Further 1€
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o b emory
(g oy (et S e, combined complexity |l Selective attention : T
stories) I retrieval
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ences the affective response, cognitive load, and attention facilitation,
resulting in more or less effective working memory encoding. The
affective response, cognitive load and attention facilitation are also
dependent on personal factors such as age, age-related differences in
emotion recognition, cognitive ability (i.e., cognitively unimpaired
participants, cognitively unimpaired older adults, persons with MCI
or AD) and musical expertise and responsivity. The two grey colored
boxes with dotted lines represent task specifics (i.e., amount of rep-
etition, modality congruence, memory paradigm, active participation)
and practice specifics (i.e., rehearsal, more practice) that possibly
play a role in working memory encoding, maintenance (e.g., further
rehearsal, practice) and long-term memory retrieval
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pairing (based on complexity of each separate element, and
accent structure fit). The combined accent structure thus
represents the combination of the emphasis in the verbal
material and the accents in the music and how well they
match. The overall complexity is the outcome of this com-
bination of accent structures; a good fit provides a more
coherent and integrated accent structure and thus less com-
plexity than when music and text do not fit very well. This
complexity level influences the affective response (cf. North
& Hargreaves, 1995), cognitive load, and attention facilita-
tion, resulting in a more or less effective working memory
encoding. The affective response, cognitive load and atten-
tion facilitation are also influenced by personal factors.
Furthermore, task specifics not only potentially influence
this affective response, cognitive load and attention facilita-
tion, but possibly also affect working memory encoding,
maintenance (e.g., further rehearsal, practice) and long-term
memory retrieval (e.g., by eliciting an affective response;
Ferreri & Verga, 2016).

Different elements in the model may be crucial to differ-
ent populations, with the importance of each model element
based on the characteristics of the population at hand. Spe-
cific mechanisms might be activated, for example, through
positively valenced music in cognitively unimpaired older
adults or through musical embedding in general in AD,
causing activation of arousal, emotional and reward sys-
tems, possibly leading to enhanced memory performance.
Although no studies on MCI were found in the current sys-
tematic review, this model may cover specific mechanisms
for this population as well.

It is also important to note that our model extends, yet also
differs from the one proposed by Ferreri and Verga (2016).
While there are several similarities with the ‘sung versus spo-
ken’-part of the framework put forward by Ferreri and Verga
(2016), we here further elaborate the nature of overall stimu-
lus complexity, which not only includes (1) the complexity
of verbal or musical stimulus but notably also (2) the accent
structure fit between verbal and musical stimulus and argue
that there is a need for future studies to further clarify and
test relationships between overall stimulus complexity and
memory outcome. As the stimulus complexity might affect
cognitive load and attention facilitation, this may be espe-
cially relevant for aging or cognitively impaired populations.

Limitations

The results of our systematic review should be interpreted
with caution due to the mixed outcomes of the studies iden-
tified. Few studies systematically assessed the potential of
specific musical components or the role of musical expertise
to facilitate memory. The inconsistencies in the methodologi-
cal approaches cannot be easily interpreted; studies differed

in the complexity of verbal information to be learned and
remembered and musical stimulus embedding, the memory
domain (i.e., working or episodic memory), and the memory
process of interest (encoding, maintenance, retrieval). Previ-
ous research has mostly focused on cognitively unimpaired
young adults and those findings cannot be generalized to
patient groups. The few patient studies often have small
sample sizes, often without appropriate controls, and the
severity of cognitive impairments is not always well-defined.
However, AD patient studies reflect evidence-based steps
in this direction. Finally, there is a risk of publication bias
in this field of research, compounded with methodologi-
cal issues that can lead to false positive results (cf. Sala &
Gobet, 2020).

Recommendations for Future Research

The model formulated above may be of help to further
systematize methodologies, drive research questions, and
stimulate precise reporting of the verbal stimulus, musi-
cal stimulus embedding, personal aspects, and task and
practice elements used. Based on the existing literature,
we created reporting guidelines for research on musical
mnemonics (See Box 2). The degree of participation at
initial learning, the comparison between a self-created or
imposed mnemonic (Moore et al., 2008), and the familiarity
of the music (Rainey & Larsen, 2002) need to be investi-
gated more thoroughly. Additionally, with neuro-imaging
techniques and monitoring of psychophysiological arousal
(Tamminen et al., 2017), we may deepen our knowledge
of the mechanisms through which a musical presentation
influences cognitive and brain functions and behavior (cf.
Ferreri & Verga, 2016).

To our knowledge, the existing research on AD has
focused on episodic memory functioning. Furthermore,
there was a lack of studies in MCI. However, Rainey and
Larsen (2002) suggested to examine also the role of work-
ing memory, hypothesizing that music can be best used to
provide an additional structure for people with a limited
working memory capacity (as can be the case in MCI and
AD) to improve the ability to transfer information to epi-
sodic memory. Therefore, there is a need for future studies
on effects of musical mnemonics on working (and episodic)
memory functioning in persons with MCI and AD.

Finally, good measurement instruments need to be devel-
oped to allow for more systematic comparison of the degree
of musical expertise since this is a probable moderating fac-
tor in the degree of benefit of a musical mnemonic. Several
validated questionnaires are available that not only look at
formal training, but also take musical engagement, exposure,
or responsiveness into account (e.g., Chin & Rickard, 2012;
Mas-Herrero et al., 2013; Miillensiefen et al., 2014).
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Box 2 Suggested Reporting Guidelines
for Research on Musical Mnhemonics

To better specify underlying mechanisms of musical
mnemonics, future researchers are recommended to
report precisely on the musical stimulus embedding and
testing procedure, participant characteristics and musical
and verbal stimuli used, specifically:

Musical Stimulus Embedding and Testing Procedure:

® Presentation paradigm (i.e., sung vs. spoken/rhythmically
spoken, or other)

e Learning phase (encoding): social setting (individual vs.
group), active (i.e., singing) or passive (i.e., listening)
rehearsal conditions, live or recorded presentation, spe-
cific modality (auditory, visually, combined or other),
imposed or self-created mnemonic

e Tasks specifics: e.g., number of repetitions, amount of
rehearsal time, potential control for confounders (e.g.,
equation of duration of sung and spoken stimuli)

e Testing phase (maintenance and retrieval): if possible use
standardized outcome measures (to promote the inclusion
of the study results in future meta-analysis), specify mem-
ory measure (active immediate or (long-term) delayed
recall, passive recognition, or both), duration of retention
delay, modality (spoken, sung, written, multiple choice)
and modality congruence between learning and testing
(same or different from learning phase, choice/no choice),
and practice specifics (e.g., amount of rehearsal, cues)

Participant Characteristics

e Demographic variables (e.g., age, cognitive ability, other
clinical characteristics)
® Musical background (ideally using validated questionnaires)

Musical and Verbal Stimulus Material

@ Music/Verbal: Materials used for memorization (i.e.,
level of complexity, tones vs. chords, words vs. text, etc.).
If self-composed or created for the study: provide musical
scores or text as supplementary materials

e Music/Verbal: Degree of familiarity (unfamiliar, familiar/
familiarized)

e Music/Verbal: Potential pairing of semantics to acoustical
characteristics of a tune

e Music: Whether valence, emotional pleasantness, or
genre was accounted for

e Verbal: Potential relevance of verbal stimulus for daily
living (for memory-impaired persons)

® Verbal: If relevant, serial position of important information

@ Springer

Clinical Implications

Based on the above, we can conclude that musical mne-
monics may be beneficial in AD and represent a low-cost
strategy for improving recall of a limited amount of infor-
mation in persons with mild to moderate (and even severe)
AD (Oostendorp & Montel, 2014; Ratovohery et al., 2019).
Future interventions should be designed personalizing the
musical stimulus (e.g., genre, emotional valence, pleasant-
ness, familiarity) to individual aspects (e.g., age, cognitive
capacity, musical expertise, responsivity, and preferences),
in order to maximize the potential of compensating for mem-
ory problems in everyday life of persons with MCI or AD.

Factors such as the relevance of the lyrics for daily liv-
ing (Moussard et al., 2014), pairing the semantics to the
acoustical characteristics of a tune (Moussard et al., 2014),
enough rehearsal time to initially learn new information
(Moore et al., 2008), the number of repetitions, the place of
the important information at the beginning or end (Silverman
& Schwartzberg, 2019), the degree of participation at encod-
ing, familiarity of the music, and self-creating of a mnemonic
(Moore et al., 2008) are all important to keep in mind when
designing a musical mnemonic together with the patient.
Interestingly, evidence from a word learning paradigm with
background music rather than a sung presentation suggests
that social aspects of the learning setting have an independent
contribution to learning outcomes from musical aspects, sug-
gesting that both are relevant to consider in clinical settings
(Verga et al., 2015).

Conclusion

We report an overall beneficial effect of musical mnemonics
(i.e., sung presentation of verbal information at encoding),
although results of individual studies are mixed. Building
on existing theoretical work, we formulated a model of
the cognitive processes activated by musical mnemonics
depending on stimulus complexity and personal aspects of
persons with and without cognitive impairment. Aspects that
appear promising include familiarity with the musical mate-
rial and musical expertise in the participants, which require
more extensive investigation. Consequently, more systematic
research is needed to identify which musical aspects, pos-
sible mechanisms, and mediating or moderating factors play
a contributing role in the application of musical mnemonics
in MCI and AD.
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