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Music is a complex activity with great cognitive potential. A specific type of research involves the use of focal
music-based interventions implemented only once before, during, or after a task to improve cognitive perfor-
mance. In the present research, we employed music-based interventions to explore their effects as a memory
modulator. We conducted two studies: Study 1, to evaluate neutral verbal memory, and Study 2 to evaluate
neutral visual memory. Volunteers, aged 18-40, participated in this investigation (124 musicians and 111 non-
musicians). After the acquisition of verbal or visual information, the volunteers were exposed to music impro-
visation, music imitation, or a rest condition for 3 min. We evaluated memory through free recall and recognition
tasks, with immediate and deferred measures. We found a significant improvement in memory among partici-
pants involved in music improvisation, who remembered more verbal and visual information than the imitation
and rest condition groups, especially in the deferred measures. We found no differences according to the musical
experience. Our results reinforce the idea that music improvisation intervention modulates different types of
memory.

Introduction

Music is characterized as a complex activity that integrates visual
and auditory stimuli, kinesthetic control, recognition of patterns, and
memory processes, all of which generate a distinctive stimulation of our
brain (Herrero & Carriedo, 2018). Cognitive science of music has made
great advances in the last years by investigating how music modulates
our brain architecture with its consequent repercussion in cognitive
functions (Justel & Diaz Abrahan, 2012; Zuk & Gaab, 2018). Nonethe-
less, it is still an emerging science that needs more specificity (Dumont,
Syurina, Feron, & van Hooren, 2017; Talamini, Altoe, Carretti, & Grassi,
2018). Some studies have indicated that music may modulate our
cognitive functions (Benz, Sellaro, Hommel, & Colzato, 2016; Fauvel
et al.,, 2014; Hanna-Pladdy & Gajewski, 2012; Wang, Ossher, &

Reuter-Lorenz, 2015). However, music is such a broad concept that it is
necessary to specify what is meant by music as a modulator of cognition.
Undoubtedly, music cognition is an extremely valuable function that
should be explored intensely because music produces great joy and
motivation in people, generating high adherence, and could therefore be
employed as a tool in educational and clinical settings and in the pro-
motion and promotion of health (Ballarini, Martinez, Pérez, Moncada, &
Viola, 2013; Strong & Midden, 2018; Thaut & Hoemberg, 2014).
Regarding specificity, our team compared the effect of improvisation
versus imitation of a rhythmic pattern (Diaz Abrahan, Shifres, & Justel,
2019; Diaz Abrahan, Shifres, & Justel, 2018; Diaz Abrahan, Shifres, &
Justel, 2020). In improvisation, the participants generated something
novel and creative in groups, while in the imitation condition, they
reproduced a rhythmic pattern. In both interventions, sound and music
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were present, the participants used instruments, and their voices and
bodies were part of the musical process. Our results indicated that
participating in musical improvisation and in musical imitation had
different effects. Specifically, we found that those participants who
performed an improvisation after acquiring visual information
improved their mnesic performance, evaluated immediately and a week
later, while those who imitated the pattern had a decrement in their
memory, i.e. musical improvisation enhanced and musical imitation
diminished memory. One possible explanation for these results is related
to cognitive involvement, that is, the cognitive functions that are acti-
vated in each musical task. While musical improvisation includes crea-
tivity and the induction of positive emotional states, in reproduction the
cognitive demands necessary to synchronize with external rhythms,
such as divided attention and working memory to fit the pattern, could
disrupt the process of memory formation. These results were found in
young and older adults, especially in memory with emotional content.
Other memory systems could be of interest to researchers in the field of
neuropsychology and neuroscience.

As for the concept of musical improvisation that we used (Abrahan &
Justel, 2015) was associated with the music therapy perspective of
improvisation, in which music improvisation is considered a musical
experience that is flexible enough to adapt to people with and without
musical skills (Diaz Abrahan et al., 2018). During these musical expe-
riences, different sounds, melodies, and rhythms are created and com-
bined spontaneously with the resources available, according to the
possibilities of the subject in musical interaction with other people
(Bruscia, 1998, 1999). In this sense, music improvisation is not only
performed by musicians; it is also a real-time ability that all people own
(Wigram, 2004).

In this study, we evaluated the possible effect of music on memory,
investigating music from two different perspectives. On the one hand,
we compared the performance of musicians with that of non-musicians
since extensive research indicates that these two populations differ in
their structure and brain function. In other words, the anatomical
changes involved in becoming a musician impact the cognitive function
of the subject. On the other hand, we compared the effect of a focal,
acute intervention on memory, regardless of whether the subject was a
musician or not. Specifically, we evaluated both the effect of long-term
music training and the effect of a focal, acute intervention.

Some studies have evaluated the effect of music training on behav-
ioral tasks and divided them into near- and far-transfer effects (Sala &
Gobet, 2017). The near-transfer concept is employed when the abilities
affected by music training are closely related to the musical area, e.g. the
recognition of melodic contour (Fujioka, Trainor, Ross, Kakigi, & Pan-
tev, 2004). Far-transfer is employed when the benefits of music training
go beyond the musical area, e.g. music training impacts mathematical
knowledge (Vaughn, 2000). In the near-transfer domain, the results of
some studies were overwhelming, and musicians outperformed
non-musicians (Parbery-Clark, Strait, Anderson, Hittner, & Kraus, 2011;
Zendel & Alain, 2012). In the far-transfer domain, the results were not as
clear (Rodrigues, Loureiro, & Caramelli, 2013; Sala & Gobet, 2017).
Some studies found that musicians performed better than non-musicians
(Bugos, Perlstein, McCrae, Brophy, & Bedenbaugh, 2007; Talamini
et al., 2018) but other studies found no such difference (Fauvel et al.,
2014; Strong & Midden, 2018). Besides, the bulk of the research has
focused on the learning and recall of verbal information (Franklin et al.,
2008; Ho, Cheung, & Chan, 2003), with few antecedents in the visual
domain (Jakobson, Lewycky, Kilgour, & Stoesz, 2008). In addition, few
studies evaluated the effect of musical activities in the general popula-
tion, and they focused on music perception, not on music production,
although some research indicated that music production is more effec-
tive than music perception as far as modulation of functions is concerned
(Fancourt, Ockelford, & Belai, 2014).

We present two studies in which the effect of music improvisation
was compared with imitation and rest conditions in a verbal (Study 1)
and a visual (Study 2) memory task. These interventions were
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implemented in musician and non-musician samples. According to our
previous studies, we expected music improvisation to improve memory
of both verbal and visual information. Regarding musicianship, we ex-
pected musicians to have a better mnemonic performance than non-
musicians.

Study 1: verbal memory
Participants

One-hundred and eight volunteers (61.4 % female participants) be-
tween the ages of 18 and 40 (M = 29.4; SD = .7) participated in this
study. Fifty-three were musicians (M) with more than five years of
formal music training (schools, institutes, music conservatories). Fifty-
five were considered non-musicians (NM). An a priori power analysis
suggested that N = 78 would be adequate to provide .60 power (Faul,
Erdfelder, Lang, & Buchner, 2007). The participants were recruited from
online announcements, educational institutions, and music bands.
Participant exclusion criteria included visual or hearing impairment,
amusia, or any music-related pathology, cognitive impairment, and
depression. Each participant signed a written informed consent form and
completed a questionnaire where socio-demographic and musical
expertise information was requested. The studies were anonymous and
complied with the Helsinki Declaration, Convention of the Council of
Europe on Human Rights and Biomedicine.

Verbal memory evaluation

The Rey Auditory Verbal Learning Test (RAVLT) was used to eval-
uate verbal memory (Dalmas, 1993; Rey, 1941, 1964; Ryan & Geisser,
1986). RAVLT is a widely-used, reliable, and valid assessment of audi-
tory verbal learning and memory (Tierney, Snow, Reid, Zorzitto, &
Fisher, 1987), which was validated for the Argentinian population
(Burin, Drake, & Harris, 2013; Burin, Ramenzoni, & Arizaga, 2003).
RAVLT reliability varied from 0.70 for List A to 0.38 for recall of List B.
Moderate test-retest reliability of 0.55 was found a year after the first
test administration (Tierney et al., 1987). The test consists in a list of 15
semantically unrelated words (e.g. perro [dog], hermano [brother],
martillo [hammer]). The list was reproduced in wma format, with a Flip
3 JBL speaker, at an inter-word-interval of 7 s for the acquisition task
and 5 s for the recognition task. At the beginning of the study, partici-
pants listened to the list of words once (acquisition phase).

Two tasks were used to evaluate memory: free recall and recognition
(immediately and after a week). In free recall, participants were asked to
write (pencil and paper task) the words that they remembered. After the
free recall task, the participants did the recognition task, in which they
were asked to identify the 15 target words from a pool of 30 words. False
recognitions were subtracted from the total recognition score to obtain
the recognition index.

Instrumental setting

For the musical experiences (improvisation or imitation), partici-
pants were allowed to choose percussion instruments (e.g. drums, ma-
racas, bells, woodblocks, shakers, tambourine) or melodic/harmonic
instruments (e.g. guitar, melodica, xylophone, flute). These instruments
were used in the study because they were easy to handle.

Interventions

Music improvisation (MUS)

The first author (a music therapist) performed a rhythmic pattern
repeatedly for three minutes as a base for an improvised performance by
the participants playing their instruments. This pattern was performed
with a percussion instrument at a medium volume (Fig. 1; Diaz Abrahan
et al., 2018, 2019). Participants chose any instrument and improvised



V.D. Abrahan et al.

Fig. 1. Rhythmic base-pattern.
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Note. Rhythmic base-pattern presented by the researcher to guide the music reproduction and improvisation that participants were asked to perform with a set of
basic instruments. Adapted from Music improvisation modulates emotional memory by Diaz Abrahan et al. (2018). Psychology of Music, 9, page 3.

musical patterns with it or their voices or bodies, spontaneously creating
some musical feature according to the context provided by the base
pattern. Such a rhythmical baseline was introduced to guide
non-musician participants because pilot studies had shown that, without
such guidance, participants could not follow the improvisation
directions.

Imitation (IMI)

The same researcher who conducted the musical improvisation
performed the same rhythmic pattern repeatedly for three minutes as a
model to be imitated by the participants with their instruments. This
pattern was performed with the same percussion instrument as that used
in the improvisation at a medium volume. In this intervention, the
participants imitated the pattern for three minutes (Gilbertson, 2013).
The instructions included imitating the pattern heard as faithfully as
possible, avoiding variations or new musical materials. This interven-
tion was meant to control for possible effects of movements, music
perception, and musical instruments, among others, that could explain
the results.

Rest (REST)

The participants remained silent for three minutes. They were asked
not to use cell phones, write in their notebooks, or have conversations
with other participants. The aim of this intervention was to take into
account a passive control condition.

Experimental design

Because there were three interventions (MUS, IMI, REST) and the
participants had different musical expertise (M and NM), a 3(Interven-
tion) x 2(Training) experimental design was run, with six groups with
the following number of subjects: (1) M/MUS: musicians’ improvisation
group (n = 21); (2) M/IMI: musicians’ imitation group (n = 15); (3) M/
REST: musicians who remained silent (n = 17); (4) NM/MUS: non-mu-
sicians’ improvisation group (n = 19); (5) NM/IMIL: non-musicians’
imitation group (n = 16); (6) NM/REST: non-musicians who remained
silent (n = 20). Participants were randomly and blindly assigned to the
different groups, and they were always tested in groups, with a mini-
mum of four and a maximum of ten participants. This number of par-
ticipants per group was implemented to control the involvement of the
subjects and corroborate that each one participated in the music
performance.

Procedure

The study was divided into two sessions with a one-week inter-ses-
sion interval. The first session consisted of four immediately consecutive
phases.

In the first phase (information phase, about 15 min), the participants
signed the informed consent form and completed the socio-demographic
and musical expertise questionnaire.

In the second phase (acquisition, 9 min), the participants listened to
the list of words from the RAVLT once. This task was individual.

In the third phase (treatment phase, about 3 min), the participants
were exposed to the interventions (music improvisation, imitation, or
rest). The following directions were given during the music improvisa-
tion intervention: “We will listen to a rhythmic base, from which you have to

create something musical as a group. This rhythmic base will help you to start
the improvisation at any time you want. You can use instruments, your voice,
or your body. It is important to listen not only to the base but also to your own
group”. In the imitation intervention, the following directions were
given: “We will listen to a rhythmic base and, anytime you want, you can
start to imitate me. You can use instruments, your voice, or your body”. In
the rest condition, the following directions were given: “Please remain
silent and do not do anything for a few minutes”. Before starting, the
researcher corroborated that all the participants had understood the
instructions. Then, the participants freely chose the musical instrument
that they wanted to play (MUS and IMI conditions), and they performed
the improvisation or imitation task in groups for three minutes while the
REST group remained silent for three minutes.

Soon afterward, in the fourth phase (test phase, about 11 min), a two-
task test was run. Participants were given paper and pencil to write
down as many words as they could remember from the RAVLT (Imme-
diate Free Recall task). Then, the 15 words from the RAVLT were mixed
with 15 new words and the participants were asked to indicate, using a
printed spreadsheet, whether they had seen the item before or not
(Immediate Recognition task).

The second session (11 min) was held a week later, when the two-
task test was run again (Deferred Free Recall task and Deferred Recogni-
tion task; see Fig. 2 for a schematic design of the procedure).

Data analysis

Age, years of formal education, and years of musical education were
analyzed independently via univariate analysis of variance (ANOVA),
where Intervention (Improvisation versus Imitation versus Rest) and
Training (Musicians versus Non-musicians) were the between-factors.

The dependent variable for free recall was the number of words
recalled by each participant, while in the recognition task the dependent
variable was the number of words correctly recognized. Free recall and
recognition (immediate and deferred) were analyzed independently
with an analysis of co-variance of 2 factors. The between factors were
Intervention (Music Improvisation versus Imitation versus Rest) and
Training (musicians versus non-musicians). An ANCOVA was employed
because academic education was a relevant variable (see more details in
sample characteristics).

Post-hoc least-significant difference (LSD) pairwise comparisons
were conducted to analyze significant main effects and significant in-
teractions. The partial Eta square (n°p) was utilized to estimate effect
size. The alpha value was set at 0.05, and the SPSS software package was
used to compute descriptive and inferential statistics.

Results

Sample characteristics

There were no differences between groups in age p > .05. However,
there were differences depending on musical education F(1,
101) = 158.33, p < .0001, n’p = .611, validating the sample selection
(musicians had more expertise than non-musicians). Further, there were
differences in academic education related to the Training factor F(1,
98) = 15.98, p < .0001, n°p = .14, i.e., the musicians had a higher ac-
ademic level than the non-musicians. For this reason, academic educa-
tion was used as a co-variable in the statistical analysis. Table 1 shows
the demographic and musical information.
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First Session/Day 1

‘

Information Phase
Informed Consent + Questionnaire

Acquisition Phase
Listen to RAVLT or Copy the FCR

- Test Phase
Intervention Phase — Immediate Free recall +
Improvisation, Imitation, or Rest Recognition

| One week Interval between sessions |

| Second Session/Day 2 |

)

N

Test Phase
Deferred Free recall + Recognition

Fig. 2. Scheme of the experimental procedure.

Table 1
Demographic and musical information.

Groups Age Education Musical Educ.
M/MUS 28.24 £ 1.55 20.05 £ 1.15 14.14 + 1.48
M/IMI 32.4 + 2.87 19.21 £+ 1.17 11.5 +1.26
M/REST 28.29 +1.72 17.12 + .69 10.47 + 1.58
NM/MUS 29.37 £ 1.5 16 +.74 1.74 + .39
NM/IMI 29.41 + 2 15.07 &+ .4 .76 + .33
NM/REST 29.55 + 1.3 16.5 £+ .67 7+ .24

Note: M = Media; SD = Standard deviation. M/MUS: Musicians who performed
musical improvisation; M/IMI: Musicians who imitated a rhythmic pattern; M/
REST: Musicians who remained silent; NM/MUS: Non-musicians who performed
musical improvisation; NM/IMI: Non-musicians who imitated a rhythmic
pattern; NM/REST: Non-musicians who remained silent.

For musicians, the average musical expertise was 12.23 + .86 years
(range: 5-32 years), and all participants were musically active when the
study was performed. Regarding instrument specialization, 71.42 %
played string instruments (guitar, violin, bass, and piano), 14.28 %
played wind instruments (e.g. traverse flute), while the remaining 14.28
% was equally divided into percussion instruments and vocal technique.
Regarding the musical style of specialization, 26.33 % reported experi-
ence in classical music, 24.48 % rock, 16.32 % folk, and 10.2 % musical
styles related to improvisation (e.g. jazz). Non-musicians had less than
1.05 £ .19 years of musical experience (range: 0—4 years). Of those who
reported minimum musical experience, 52.63 % were acquainted with

string instruments (mostly guitar), while the remaining 36.84 % had
some experience singing in a choir or used the voice as their instrument.

Immediate measures

After the participants were exposed to the interventions, they were
asked to write the words that they remembered from the RAVLT (free
recall task). The results are depicted in Fig. 3. The ANCOVA indicated a
significant difference in the double interaction of Intervention x
Training F(2, 104) = 4.43, p = .014, n°p = .084. The Post-hoc indicated
that in the IMI group, musicians remembered more words than non-
musicians. Further, non-musicians who imitated the pattern remem-
bered fewer words than the other two groups. None of the other analyses
yielded significant differences p > .05. After the free recall task, the
participants did the recognition task. There were no significant differ-
ences in this task p > .05 (data not shown).

Deferred measures

After seven days, deferred memory was evaluated. One hundred
volunteers participated in the deferred measures because nine volun-
teers were absent. The final sample for the deferred measures was as
follows: M/MUS (n = 19); M/IMI (n = 15); M/REST (n = 15); NM/MUS
(n =17); NM/IMI (n = 15); NM/REST (n = 19). Initially, the free recall
task was evaluated (Fig. 4A). The ANCOVA indicated a significant effect
of Intervention F(1, 90) = 10.9, p < .0001, n?p = .195. The Post-hoc
showed that participants who improvised remembered more words than
participants who imitated the rhythmic pattern or remained silent, while

Fig. 3. Immediate verbal memory.

Note. Immediate Free Recall. Words that the participants
remembered after they were exposed to the interventions. M/
MUS: Musicians who performed musical improvisation; M/IMI:
Musicians who imitated a rhythmic pattern; M/REST: Musi-
cians who remained silent; NM/MUS: Non-musicians who
performed musical improvisation; NM/IMI: Non-musicians
who imitated a rhythmic pattern; NM/REST: Non-musicians
who remained silent. The vertical lines indicate the standard
error.
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Fig. 4. Deferred verbal memory.

Note. A. Deferred Free Recall. Number of words that partici-
pants remembered seven days after they were exposed to the
interventions. B. Deferred Recognition. Number of words that
participants recognized after seven days. M/MUS: Musicians

T 10 f who performed musical improvisation; M/IMI: Musicians who
= imitated a rhythmic pattern; M/REST: Musicians who
b4 s} {_ remained silent; NM/MUS: Non-musicians who performed
ﬁ musical improvisation; NM/IMI: Non-musicians who imitated a
e rhythmic pattern; NM/REST: Non-musicians who remained
§ 61 %% silent. The vertical lines indicate the standard error.
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the REST group remembered more words than the IMI group.

The second deferred memory evaluation was the recognition task.
The ANCOVA indicated a significant effect of Intervention F(2,
90) = 3.95, p = .023, n’p = .08. The Post-hoc indicated that participants
who performed an improvisation or remained silent recognized more
words than the group who performed the imitation (Fig. 4B).

Study 2: visual memory
Participants

One-hundred and twenty-nine volunteers, aged between 18 and 50
(M = 26.5; SD = .6), who were naive, participated in this study (55.8 %
female). Seventy-one were musicians (M) with more than 5 years of
formal music training (schools, institutes, music conservatories) and 58
were non-musicians (NM). The recruitment and exclusion criteria were
the same as those in Study 1. Each participant signed a written informed
consent form and completed a questionnaire where socio-demographic
and musical expertise information was requested.

Visual memory evaluation

The material for the neutral memory task was the Rey Complex
Figure (RCF; Meyers & Meyers, 1995). RCF is a widely-used, reliable,
and valid assessment of visuospatial construction and nonverbal mem-
ory learning and memory (Deckersbach et al.,, 2000), which was

validated for general Spanish-speaking (Hartman & Potter, 1998;
Mitrushina & Chervinsky, 1990; Palomo et al., 2013) and Argentinian
populations (Burin et al., 2003, 2013). This is a figure with 18 different
items that compose a larger image.

At the beginning of the study, participants were asked to observe the
RCF and copy it with pencil and paper (acquisition phase). To evaluate
this task, each participant’s drawing was compared with the original 18
items of the RCF. According to the figure itself and the placement of the
elements, 36 was the maximum possible score (see more details in data
analysis).

Two tasks were used for memory evaluation (free recall and recog-
nition). In free recall, participants were asked to draw the RCF from
memory. Each participant’s drawing was compared with the original 18
items of the RCF (36 was the maximum possible score; see more details
in data analysis). In the recognition task, participants looked at 24 items,
and they were asked to decide which ones were part of the RCF and
which were new. False recognitions were subtracted from the total
recognition score to obtain the recognition index.

Instrumental setting and interventions
The musical setting was the same as that used in Study 1.
Interventions

Interventions were the same as those used in Study 1.
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Experimental design

Because there were three interventions (MUS, IMI, REST) and the
participants had different musical expertise (M and NM), a 3(Interven-
tion) x 2(Training) experimental design was run, with six groups with
the following number of subjects: M/MUS: musicians’ improvisation
group (n = 28); M/IMI: musicians’ imitation group (n = 22); M/REST:
musicians who remained silent (n = 21); NM/MUS: non-musicians’
improvisation group (n = 22); NM/IMI: non-musicians’ imitation group
(n = 19); NM/REST: non-musicians who remained silent (n = 17). The
participants were randomly and blindly assigned to the different groups,
and they were always tested in groups, with a minimum of four and a
maximum of 10 participants. This number of participants per group was
implemented to control the involvement of the subjects and corroborate
that each one participates in the music performance.

Procedure

The study was divided into two sessions with a one-week inter-ses-
sion interval (See Fig. 2). The first session was exactly the same as that in
Study 1. In the second phase (acquisition, 9 min), the participants
watched the RCF, and they were asked to copy it (they were supplied
with pencil and paper).

The third phase was exactly the same as that in Study 1. Soon af-
terward, in the fourth phase (test phase, about 11 min), a two-task test
was run. Participants were given paper and pencil to draw the RCF
(Immediate Free Recall task) from memory. Then 12 target items from the
RCF were mixed with 12 new items and participants were asked to
indicate whether they had seen the item before or not (Immediate
Recognition task).

The second session (11 min) was held a week later, when the two-
task test was run again (Deferred Free Recall task and Deferred Recogni-
tion task; see Fig. 2 for a schematic design of the procedure).

Analysis

Age, years of academic education, and years of musical education
were analyzed independently via univariate analysis of variance
(ANOVA), where Intervention (Improvisation versus Imitation versus
Rest) and Training (Musicians versus Non-musicians) were the between-
factors.

Copy and free recall (immediate and deferred) of the RCF were
evaluated as follows: Each of the 18 components of the RCF was eval-
uated according to whether it was well-drawn and correctly placed (2
points), well-drawn but incorrectly placed (1 point), badly-drawn but
correctly placed (1 point), badly-drawn but recognizable (0.5 points),
badly-drawn and incorrectly placed (0 points). The maximum final score
was 36. Because there were differences regarding the age and academic
education of the participants (data shown in the Results section), copy,
recall, and recognition (immediate and deferred) were independently
analyzed via ANCOVA with Intervention (Improvisation versus Imita-
tion versus Rest) and Training (Musicians versus Non-musicians) as the
between-factors, and Education and Age as the co-variables.

Post-hoc least-significant difference (LSD) pairwise comparisons
were conducted to analyze significant main effects and significant in-
teractions. The partial Eta square (n°p) was utilized to estimate effect
size. The alpha value was set at 0.05, and the SPSS software package was
used to compute descriptive and inferential statistics.

Results

Sample characteristics

Regarding years of music education, a significant effect of Training
was found F(1, 127) = 138.66, p < .0001, nzp = .534, thus validating the
sample selection because musicians had more years of musical education
than non-musicians. There was a main effect for Intervention F(1,
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122) = 4.23, p = .017, 1°p = .065, and Intervention x Training inter-
action F(2, 122) = 3.49, p = .034, nzp = .08 related to the Age of the
volunteers. A posteriori analysis indicated that musicians in the groups
MUS and REST were older than non-musicians. Regarding years of ac-
ademic education, there were main effects of the factors Training F(1
119) = 15.25, p < .0001, 1°p = .114, and Intervention F(2 119) = 3.98, p
=.021, n?p = .063. Musicians had more academic education than non-
musicians, and volunteers in the Imitation condition had more academic
education than the other two conditions. Because of the differences
found in the socio-demographic information, Age and Academic Edu-
cation were used as co-variables in the analyses (Table 2).

For musicians, the average musical expertise was 10.85 =+ .7 years
(range: 5-32), and all were musically active when the study was per-
formed. As regards instrument specialization, 73.61 % played string
instruments (guitar, violin, bass, and piano), 8.33 % played wind in-
struments (e.g. traverse flute) while 18 % used their voice as an in-
strument or played percussion instruments. Non-musicians had musical
expertise of .94 + .2 (range: 0-4), 94.44 % were familiar with string
instruments (guitar mostly), and the remaining 5.56 % played percus-
sion instruments.

Copy of the RCF
There were no differences between groups in the copy of the RFC.

Immediate measures

After being exposed to the different musical interventions, the par-
ticipants were instructed to draw from memory the RCF that they had
seen in the acquisition phase (free recall test, Fig. 5A). The ANCOVA
yielded a main effect of Intervention F(2, 105) = 4.32, p = .016,
n’p = .082. The Post-hoc indicated that the MUS and REST groups
remembered more items of the RCF than the IMI group.

Recognition was the second task employed to evaluate memory. The
results are depicted in Fig. 5B. The ANCOVA indicated a main effect of
Intervention F(2, 105) = 4.32, p = .016, nzp = .08, while the Post-hoc
showed that participants that performed a musical improvisation or
remained silent had a better recognition score than the group that
imitated the rhythmic pattern.

Deferred measures

A week later, the free recall and recognition tasks were re-evaluated.
One hundred and ten volunteers participated in the deferred measures,
since 19 volunteers were absent. The final sample was as follows: M/
MUS (n = 23); M/IMI (n = 20); M/REST (n = 21); NM/MUS (n = 19);
NM/IMI (n = 17); NM/REST (n = 16). Fig. 6A illustrates the results of
the free recall test. The ANCOVA indicated a main effect of Intervention
F(2, 105) = 7.02, p < .001, n2p = .13, and the Post-Hoc showed that
participants who improvised remembered more items of the RCF than
the groups who imitated a rhythmic pattern or remained silent.
Regarding the deferred recognition (Fig. 6B), the ANCOVA yielded a
main effect of Intervention F(2, 99) = 3.48, p = .035, nzp =.067,and a
posteriori analysis indicated that MUS groups recognized more items

Table 2
Demographic and music information.

Groups Age Education Musical Educ.
M/MUS 28.21 +1.39 17.07 +.7 10.75 + 1.46
M/IMI 27.38 +1.43 19 + 1.05 11.86 + 1.07
M/REST 26.43 + 1.44 16.44 + .64 9.95 + 1.05
NM/MUS 24.09 +1.53 14.91 + .38 91 + .24
NM/IMI 29.84 +1.34 16.05 £ .45 17 £.12
NM/REST 2212 +1.2 14.88 + .32 1.53 £.37

Note: M = Media; SD = Standard deviation. M/MUS: Musicians who performed
musical improvisation; M/IMI: Musicians who imitated a rhythmic pattern; M/
REST: Musicians who remained silent; NM/MUS: Non-musicians who performed
musical improvisation; NM/IMI: Non-musicians who imitated a rhythmic
pattern; NM/REST: Non-musicians who remained silent.
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Fig. 5. Immediate visual memory.
Note. A. Immediate Free Recall: Score obtained according to
the accuracy and location of the figure drawn from memory. B.
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than IMI groups.
Discussion

The goal of these studies was to evaluate the effect of musical
improvisation in the verbal and visual memory of musicians and non-
musicians. We expected musical improvisation to enhance visual and
verbal memory, in comparison to control conditions. We also expected
musicians to perform better than non-musicians. The first prediction was
corroborated but the second was not.

Specifically, we found that musical improvisation, in comparison
with the imitation condition, enhanced the immediate recall and
recognition of visual information and improved the deferred recall and
recognition of verbal and visual material. Compared to the rest condi-
tion, musical improvisation enhanced verbal and visual memory in the
deferred but not the immediate measures. This result was found for
musicians and non-musicians alike. In improvisation as well as in
imitation conditions, music was present, the participants listened to a
rhythmic pattern, played instruments, used their bodies or voices, but
the participants who improvised music showed better memory than the
participants who imitated a rhythmic pattern. These results shed light on
the specificity of musical cognition.

A possible explanation for this finding is that the improvisation
condition, as opposed to the imitation of a pattern, involved a creative
process, where the participants were instructed to create something
musical as a group. Neuroscience considers musical improvisation an

example of complex creative behavior, conceived as an original and
novel process that requires divergent thinking. This means that impro-
visation involves the search for creative and different alternatives or
possibilities for the resolution of a problem (Biasutti, 2017). The
cognitive involvement, that is, the functions that are activated when
someone is improvising music, is wide and it involves attention, working
memory, autobiographical memory, executive functions, among others
(Bengtsson, Csikszentmihdlyi, & Ullén, 2007; de Manzano & Ullén,
2012).

An alternative and complementary explanation is that the imitation
condition may contribute to creating an interference effect. The re-
strictions, especially attentional ones, associated with replication,
repetition of a pattern, adjustments in intensity, and synchronization
efforts could diminish cognitive resources and lead to mnemonic dete-
rioration (Diaz Abrahan et al., 2019; Miendlarzewska & Trost, 2014).
The subjects who were imitating a rhythmic pattern may have been
concerned about faithfully replicating or sharply adjusting to the model.
Free improvisation involves other types of adjustment, which might
demand different cognitive resources that do not interfere with memory
but rather enhance it (Diaz Abrahan et al., 2018; Limb & Braun, 2008).

An important point for discussion, although it is not related to our
main hypotheses, is the Rest condition. We found that Rest enhanced
immediate visual memory and deferred verbal memory, in comparison
to the imitation condition. This result was not completely unexpected
since we had found similar results (Diaz Abrahan et al., 2018) and recent
literature also supports the effect of rest on cognition (Humiston &
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Fig. 6. Deferred visual memory.
Note. A. Deferred Free Recall: Score obtained according to the
accuracy and location of the figure drawn from memory after

30 1
seven days. B. Deferred Recognition. Number of components
7 recognized in a set of 24 figures, after seven days. M/MUS:
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Wamsley, 2018; Wamsley, 2019). Over the last years, researchers have
started to compare the effect of resting quietly in comparison to
continuing with daily life after acquiring different types of information
(episodic or procedural). This comparison originated in sleep literature,
where sleep was compared with daily life but not with rest (Albert,
Robertson, Mehta, & Miall, 2009; Tambini, Ketz, & Davachi, 2010).
Brokaw et al. (2016) conducted a study where the participants acquired
information and then rested or performed a distractor task, and the re-
sults indicated that rest enhanced memory almost as much as sleep did.
The authors attributed their results to the interference caused by the
mental effort in the distractor task. In the rest condition, the participants
were not focused on anything in particular but rather mind-wandering
while those in the control condition were focused on the performance
of the distractor task. As stated in their discussion, the researchers
explained “Stimulus-oriented mental effort interferes with consolidation,
whereas inwardly-focused mental activity does not. (...) The brain has
entered an offline state conducive to consolidation” (p. 23). This explana-
tion is also suitable for the results found in our work because in the
imitation condition the participants were focused on faithfully repli-
cating the music pattern while in the improvisation condition they were
not focused on strict requirements but rather playing together and
creating something novel. This playful, light-hearted quality of our
improvisation task could be associated with the mind-wandering state
described by Brokaw et al. In addition, according to the study by Limb
and Braun (2008), spontaneous improvisation, beyond any degree of
musical complexity, is characterized by widespread deactivation of the
lateral prefrontal cortex together with focal activation of the medial
prefrontal cortex. This is associated with autobiographical narrative

and, therefore, one could argue that improvisation is a way of expressing
episodic memory. It should be highlighted that even though we found an
effect of rest in comparison to imitation, the improvisation intervention
was more effective than the rest condition.

We found an effect of musical improvisation in the immediate and
deferred tests, with stronger results in deferred outcomes, where
improvisation was more effective than rest and reproduction. The results
are concordant with the multifactor theory, according to which there are
two different effects, one related to the immediate recall and another
related to the deferred measures. Immediate memory benefits are
thought to result from attentional mechanisms whereas delayed memory
benefits are believed to result from post-encoding consolidation (Patil,
Murty, Dunsmoor, Phelps, & Davachi, 2016).

We found no effect of musicianship. Some studies indicated that
musicians have better mnemonic performance than non-musicians,
especially in the verbal area (Chan, Ho, & Cheung, 1998; Cheung,
Chan, Liu, Law, & Wong, 2017). These results could be interpreted as
better performance in strategies or better use of rehearsal mechanisms
and, therefore, of executive functioning rather than memory perfor-
mance (Cheung et al., 2017; Franklin et al., 2008; Ho et al., 2003). Be-
sides, other studies found no effect of musicianship on memory (Franklin
et al., 2008; Hembold, Rammsayer, & Altenmuller, 2005). It is undeni-
able that musicians have different structural and brain functioning but
these differences do not always impact cognition as expected and do not
impact all cognitive functions (Wang & Schlaug, 2010; Strong &
Midden, 2018). Nevertheless, the absence of a main effect for music
training was a result found in our previous research in verbal (Diaz
Abrahan & Justel, 2019) and visual emotional memory (Diaz Abrahan
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et al., 2018), except for one study with older musicians, where neutral
visual memory was evaluated among musicians with mean music
training of 17 years. By contrast, when we compared musicians with
non-musicians, our sample did not have enough training to impact
memory (Rodrigues et al., 2013, Cheung et al., 2017). Therefore, future
research could study musicians with more years of music training.

Limitations and future directions

As expressed in the preceding paragraphs, one limitation of our study
was the amount of training of our samples. In addition, our memory
tasks may have been too simple and differences between groups could be
observed in more challenging tests (Mandikal Vasuki, Sharma, Demuth,
& Arciuli, 2016; Rodrigues et al., 2013).

Furthermore, many variables are involved in music training. Two of
them are the number of hours played per week and the age at which the
musician started taking music lessons (formal and informal). Consid-
ering these variables in the performance of memory could be an inter-
esting point for future research.

Regarding musicianship, we focused on episodic memory (neutral, in
this manuscript and previous studies, Diaz Abrahan et al., 2019; also
emotional in Diaz Abrahan et al., 2018, 2019), but no studies have
investigated the effect of music training on procedural memories or
other implicit memories, with a far-transfer focus, which is a research
gap. For this reason, future studies could compare the effect of music
training on other types of memories. It would also be interesting to study
different degrees of expertise (e.g. amateur versus professional musi-
cians), and different types of expertise (wind instrumentalists compared
to singers) since these different musical environments could lead to
different brain changes and, therefore, different behavioral outcomes.
Concerning the focal intervention, music improvisation could be studied
in a different sample, such as adolescents or children, on whom, to the
best of our knowledge, the effect of music improvisation has not been
studied yet. Moreover, the effect of musical improvisation on other types
of memory could be a topic of research, especially in non-musicians
since most studies have evaluated musicians. Finally, further research
could measure how long the effects of musical improvisation last.

Conclusions

This work intended to add specificity to the study of music as a
modulator of cognition. We found that musical improvisation improves
verbal and visual memory performance, in immediate and deferred
measures, in musicians and non-musicians alike. Musical improvisation
could be employed in different clinical or educational settings because
this simple, safe, and enjoyable intervention modulates memory.
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