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ABSTRACT

The idea that learning music can make a child smarter has gained considerable attention from parents, educators, and
policymakers. Intuitively, learning to play an instrument is mentally challenging and is thought to generalize to nonmusic
improvements. This claim offers promise in using music to enhance mental performance, but before it can be applied to
areas such as education and cognitive remediation, the reliability of musical effects must be established. Early research
indicated that musicians outperformed nonmusicians on a range of psychological abilities beyond music processing.
Alternatively, because better mental ability could also result from other training activities or an individual’s background
characteristics, any conclusions on musical training were still premature. In fact, although some recent studies that provided
musical training to nontrained children did show small mental improvements after a few weeks of training, most
well-designed studies that trained nonexperts failed to find any of the benefits previously seen in expert musicians. In the
current study, children aged 6 to 9 years old were given 3 weeks of music or dance lessons and measured on mental
performance before and after training. To test for training-induced change, performance before and after training was
compared with a nontrained group. To test whether learning music itself caused change, performance in trained groups was
compared with each other, because dance is a similarly challenging skill and shares training features with music. No
training effects were observed on any tested cognitive ability, which questions whether mental enrichment can occur from
short-term training.

SCIENTIFIC ABSTRACT

Musical training is popularly believed to improve children’s cognitive ability. Early research evidence, mostly correla-
tional, suggested that musicians outperform nonmusicians on many cognitive abilities. However, recent experimental
evidence has failed to replicate most benefits, leaving it unclear whether previously demonstrated effects were a direct
result of learning music. Although a few studies have shown some change with as little as a few weeks of training, the
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larger training literature shows that transfer of skills between unrelated areas is extremely rare, especially in properly
controlled studies. The current study used an experimental design to assess the cause (whether music uniquely produces
change) and the effect (which cognitive abilities are impacted) of the link between music and cognition. Six- to 9-year-old
children (n = 75) with no prior training were randomly allocated to 3 weeks of music or dance training. Cognitive
performance before and after training was compared between trained groups, because both training forms share features
of training plus a nontrained control group to isolate training-induced change from normal maturation. No changes were
found on any measured ability (inhibitory control, working memory, task switching, processing speed, receptive vocab-
ulary, and nonverbal intelligence). Findings confirm evidence from the general training literature that training-induced
improvements on cognitive performance are unlikely. Short-term training effects have a much narrower scope than

previous evidence suggests.
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Over the past few decades, the idea that musical training improves
mental functioning has gained popularity in research and public
spheres. Supporting this notion, a body of early research evidence
demonstrated that musicians outperform nonmusicians across psycho-
logical measures. Neuroimaging evidence also found substantial
structural and functional differences in the brains of musicians, such
that musicians were often described as a model for neural plasticity
(Jancke, 2009; Miinte, Altenmiiller, & Jincke, 2002; Rodrigues, Lou-
reiro, & Caramelli, 2010). In contrast to early findings, recent evi-
dence has repeatedly failed to replicate a musician advantage, espe-
cially when using better methodology, leaving it inconclusive as to
whether musical training influences cognition (Mehr, 2015; Sala &
Gobet, 2017b).

If effects did exist, what it is about music that causes benefits
remains an open question. The implied process, whereby learning in
one situation influences performance in another situation, is termed
transfer of skills or generalizability of learning (Royer, Mestre, &
Dufresne, 2005; Singley & Anderson, 1989). Transfer can be concep-
tualized as a similarity continuum, whereby near transfer refers to
change on skills that closely resemble the training domain and far
transfer to skills with little overlap with the training domain (Barnett
& Ceci, 2002). The amount of observed transfer is a function of the
overlap between trained and measured abilities (Lovdén, Béackman,
Lindenberger, Schaefer, & Schmiedek, 2010; Morris, Bransford, &
Franks, 1977; Thorndike & Woodworth, 1901). Demonstrations of
near transfer between related skills are common, whereas far transfer,
such as from skill learning to cognition, is rare (Green & Bavelier,
2008; Noack, Lovdén, Schmiedek, & Lindenberger, 2009; Slagter,
Davidson, & Lutz, 2011).

Musical Training and Cognition

As would be expected, musicians show near transfer to abilities
trained in music—for example, auditory and motor performance
(Schellenberg, 2016). Beyond similar abilities, musicians show far
transfer to extramusical abilities such as linguistic aptitude, mathe-
matics, vocabulary, and visuospatial ability. Improvements on differ-
ent cognitive abilities have been separately demonstrated but could be
combined to propose that music has a general benefit across cognitive
abilities (Schellenberg, 2009).

Early studies found that receiving music lessons enhanced general
intelligence (Schellenberg, 2004, 2006). These studies were used to
support a general benefit of music, with general intelligence as the
candidate underlying the effect. However, subsequent investigations
on intelligence in musicians failed to replicate effects across intelli-

gence tests (verbal and nonverbal intelligence, full-scale 1Q; Mehr,
Schachner, Katz, & Spelke, 2013).

Another proposed ability underlying a general benefit is executive
functions, higher order cognitive abilities for goal-related behavior
such as working memory, inhibition and interference control, task
switching, and planning (Diamond, 2013; Diamond & Lee, 2011;
Miyake et al., 2000). Music may influence executive functions, which
then influence general intelligence, thus mediating a general cognitive
effect (Hannon & Trainor, 2007). Evidence for a mediation is unset-
tled (Degé, Kubicek, & Schwarzer, 2011; cf. Schellenberg, 2011), but
a link between music and separate executive functions has received
some support. Correlational studies have found that expert musicians
have better performance than their nontrained counterparts across
different measures (simple and complex) and subdomains of working
memory (auditory, visuospatial, and the central executive), whereas
others have found it only on certain measures or not at all (Lee, Lu,
& Ko, 2007; cf. Hansen, Wallentin, & Vuust, 2013; Roden, Grube,
Bongard, & Kreutz, 2014; Slevc, Davey, Buschkuehl, & Jaeggi,
2016). Similarly, inhibition benefits have been found on some tasks
but are not always replicated (cf. Bugos, 2010; Janus, Lee, Moreno, &
Bialystok, 2016; Joret, Germeys, & Gidron, 2017; Slevc et al., 2016).
Task switching has demonstrated the most consistent benefits (Degé,
Wehrum, Stark, & Schwarzer, 2011; Hanna-Pladdy & MacKay, 2011;
Isaacs & Trofimovich, 2011; Zuk, Benjamin, Kenyon, & Gaab, 2014).

We suggest a that third candidate for general benefits is processing
speed. Like general intelligence and executive functions, processing
speed is theorized to underlie performance across many cognitive
tasks (Salthouse, 1993, 1996). Like the other abilities, processing
speed improvements have also been found in musicians (Bugos, 2010;
Bugos & Mostafa, 2011; Roden, Konen, et al., 2014). However,
because a musician advantage is not always replicated across studies,
nor across measures in a single study, a general cognitive benefit from
music is unlikely. Further, a cognitive advantage in musicians does
not always translate to real-world improvement on academic success
(Cox & Stephens, 2006; Fitzpatrick, 2006; Isaacs & Tromovich,
2011), as would be expected if a general effect existed.

The Need for Experimental Trials of Musical Training

The majority of music studies share a fundamental limitation: the
use of correlational or quasi-experimental designs that compare mu-
sicians with nontrained individuals. This nonexperimental evidence
does not rule out alternate explanations such as reverse causality (i.e.,
children with better cognition take music) or nonmusical factors that
also impact cognitive performance. Musicians differ from nonmusi-
cians on several background characteristics other than musical train-
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ing—for example, socioeconomic status, genetically inherited cogni-
tive ability, and an academic self-concept, any of which could have
produced purported training effects (Degé, Wehrum, Stark, &
Schwarzer, 2014; Mosing, Madison, Pedersen, & Ullén, 2015).

Many researchers have highlighted the need for rigorously con-
trolled trials to confirm whether musical training itself causes ob-
served benefits (Crnéec, Wilson, & Prior, 2006; Hargreaves & Ak-
sentijevic, 2011; Mehr et al., 2013; Merrett, Peretz, & Wilson, 2013;
Rodrigues et al., 2010; Schellenberg & Winner, 2011; Slevc et al.,
2016; Zuk et al., 2014). The few studies that used an experimental
design provide a different picture than that suggested by nonexperi-
mental evidence. The majority of experimental designs have failed to
consistently replicate better intelligence from musical training (Mehr
et al., 2013). Limited benefits have been experimentally demonstrated
on some cognitive abilities with as little as a few weeks of training
(Janus et al., 2016; Moreno et al., 2011; cf. Mehr et al., 2013).

A recent critical review failed to find conclusive support for ben-
efits of music interventions on child cognitive development (Dumont,
Syurina, Feron, & van Hooren, 2017). A meta-analysis of experimen-
tal evidence in children similarly concluded that musical training does
not reliably impact general cognitive ability, but benefits on individual
abilities were supported (Sala & Gobet, 2017b). The strongest effect
sizes were for measures of memory and intelligence, with a small
effect size on a few other cognitive measures (mathematics, reading,
and visuospatial ability). Importantly, there was an inverse relation-
ship between effect size and methodological quality, highlighting the
value of experimental designs.

Reasons for Transfer of Training Effects From Music

For the cases in which a musician advantage has been documented,
a question that follows is why music elicits changes in cognition.
Existing music research has examined trained groups on extant cog-
nitive measures and anticipated training effects with little discussion
of why music may elicit extramusical effects (Gazzaniga, 2008).
Implicitly or explicitly, researchers have assumed that the improved
cognition observed in musicians results from musical training itself.
Because music is a mentally challenging activity, it is plausible that
the cognitive effort inherent to learning music could extend to cog-
nitive performance outside the musical domain.

Independent streams of research outside the musical training liter-
ature have suggested that other forms of training can also augment
cognition (Green & Bavelier, 2008; Sala & Gobet, 2017a; Slagter et
al., 2011). Although far transfer to cognition is rare for all training
types, activities that successfully demonstrate enhancements are char-
acterized by general features of training such as enhanced mood,
progressive difficulty, maintaining arousal and motivation, and pro-
vision of feedback. In contrast, studies that directly compared training
showed that cognitive benefits from learning music are not always
equaled by other activities such as drama, natural science, speaking a
second language, visual arts, or other leisure activities, even after
being matched on structural and general training features (D’Souza,
Moradzadeh, & Wiseheart, in press; cf. Janus et al., 2016; Moradza-
deh, Blumenthal, & Wiseheart, 2015; Roden, Grube, et al., 2014;
Roden, Konen, et al., 2014; Seinfeld, Figueroa, Ortiz-Gil, & Sanchez-
Vives, 2013). Differential benefits between training types were
found—music had cognitive benefits not seen in drama or visual arts,
whereas other training types had benefits on noncognitive abilities
(social skills in drama and visuospatial ability in visual arts; Moreno
et al.,, 2011; Schellenberg, 2004) that were not seen with music,
suggesting that the effects may be specific to musical training.

Musical training can be divided into fundamental elements specific
to music, such as pitch and timbre (“body, space, time, energy, and

relationship”; Ontario Ministry of Education, 2009, p. 18). Most
researchers have suggested that coordination of these elements pro-
duces benefits. Musicians learn to coordinate these elements simulta-
neously across sensory modalities (auditory, visual, tactile), across
time, and for differing levels of performance (Moreno & Bidelman,
2014; Pearce & Rohrmeier, 2012). Coordinating multimodal demands
is hypothesized to recruit top-down goal-directed cognitive processes
when learning music (Hannon & Trainor, 2007). High levels of
cognitive abilities have been proposed for many aspects of music,
such as to monitor performance and make changes (Kaganovich et al.,
2013), switch between auditory streams (Loehr, Kourtis, Vesper,
Sebanz, & Knoblich, 2013), attend to timing and rate change (Loehr,
Large, & Palmer, 2011), and adjust to other performers (Palmer &
Deutsch, 2013). Similar cognitive transfer has been found from mu-
sical training and training of attention (Neville et al., 2008).

Rhythm entrainment also has been proposed as a mechanism for
moderating the effects of music on cognition, particularly executive
functions (Miendlarzewska & Trost, 2014; Portowitz, Lichtenstein,
Egorova, & Brand, 2009). Rhythm entrainment involves multimodal
coordination but specifically in synchrony to an external beat or
rhythm (Opacic, Stevens, & Tillmann, 2009). Learning to control
movement to timing in music transfers to other domains, such as from
auditory to visual (Aagten-Murphy, Cappagli, & Burr, 2014), and may
transfer to cognitive benefits (Hansen et al., 2013). Both multimodal
coordination and rhythm entrainment characterize musical training
but not other skills they were compared with (e.g., drama, natural
science, visual arts), hence are possible explanations for why musical
training demonstrated benefits. To test the uniqueness of musical
training, the current study compares it with dance, a complex art form
that overlaps with these proposed mechanisms but is separate from the
key elements of music.

Dance Training and Cognition

Like music, dance training has demonstrated near and far trans-
fer to nontrained abilities. Correlational studies found augmented
performance in dancers compared with nondancers on composite
measures of cognition but not on single measures of working
memory, inhibition, or cognitive flexibility (Gondola, 1987; Kat-
tenstroth, Kalisch, Holt, Tegenthoff, & Dinse, 2013; Kattenstroth,
Kolankowska, Kalisch, & Dinse, 2010; Verghese, 2006). Random-
ized controlled trials found that dance training can cause improve-
ments in task switching but not interference control (Coubard,
Duretz, Lefebvre, Lapalus, & Ferrufino, 2011; Kimura & Hozumi,
2012; McKee & Hackney, 2013).

A meta-analysis showed limited evidence that learning to dance is
accompanied by higher nonverbal reasoning skills, including intelli-
gence, but studies were unpublished and of poor quality, so no strong
conclusions can be drawn (Keinidnen, Hetland, & Winner, 2000).
Overall, as with music, there is limited empirical evidence suggesting
cognitive benefits from learning dance. Although a musician benefit
has been demonstrated across children, adults, and older adults, ex-
isting dance studies have only tested elderly participants, making the
generalization to other age groups uncertain.

Like music training research, dance training can be characterized
into fundamental elements specific to dance, such as body and
space (“body, space, time, energy, and relationship”’; Ontario Min-
istry of Education, 2009, p. 18). Although these are different from
the elements trained in music, learning to combine these elements
is similar to music, as it involves simultaneous coordination across
sensory modalities (auditory, visual, tactile), across time and for
differing levels of performance. As with music, coordinating mul-
timodal demands is hypothesized to recruit top-down goal-directed
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cognitive processes, in this case, to organize perception and move-
ment (Bldsing et al., 2012; Dhami, Moreno, & DeSouza, 2015;
Foster, 2013; Olsson, 2012; Strait, Slater, O’Connell, & Kraus,
2015). Synchronizing cognitive and motor activity in dance has
been shown to transfer to the cognitive process of dual-tasking
(Hamacher, Hamacher, Rehfeld, Hokelmann, & Schega, 2015),
which parallels a dual-tasking benefit seen in musicians (Moradza-
deh et al., 2015).

A more specific overlap in training components between dance
and music is rhythm entrainment. Like music, dance involves a
sequenced hierarchical structure arranged in space and time and
entrained to auditory sounds (Opacic et al., 2009; Sevdalis &
Keller, 2011). Auditory and temporal stimuli (music, a beat, or
sounds) are used in dance to cue movements to a rhythm. Impor-
tantly, programs with the exactly same movements as dance but not
in a sequence do not show cognitive effects (Kimura & Hozumi,
2012; Satoh et al., 2014).

On one hand, music and dance can be characterized by different
elements. On the other, they overlap in requiring effort for coordinat-
ing the individual elements (as proposed by mechanisms of multi-
modal coordination and rhythm entrainment). Both forms of training
have also been linked to cognitive benefits. The similarity and differ-
ences between music and dance can be used to test the uniqueness of
previously demonstrated effects of musical training. The current study
investigated two main research questions related to the hypothesis of
a musician advantage—that is, that music training influences cogni-
tion:

1. Music training produces general cognitive benefits: A hy-
pothesized musician advantage assumes that musical train-
ing has a general effect on cognition. Using a large battery of
cognitive tasks, changes in cognitive performance before
and after training may have been demonstrated across all
abilities measured (a general effect), some abilities (a spe-
cific effect), or none (no effect).

2. Music training uniquely influences cognition: A hypothe-
sized musician advantage also assumes that effects of mu-
sical training are uniquely caused by music. By comparing
musical training with dance training and no training in
arts-naive individuals, we could test whether any training
effects were similar to both forms (because of shared fea-
tures of music and dance training) or differential (because of
music-specific features).

The null hypothesis for both questions predicted that trained and
control groups should not differ on any of the cognitive abilities
measured. Any previously observed benefits were because of a lack of
controlled designs and are likely to have been caused by factors other
than training that differentiated trained individuals from untrained
individuals. The body of correlational evidence on cognitive benefits
from music and dance training suggested that some benefits may be
possible, but benefits have been inconsistently demonstrated across
studies. The recent increase in null results from carefully controlled
trials, and the small scope of cognitive transfer in the training litera-
ture also challenge previous correlational evidence to suggest that no
training effects may exist.

Method

Participants

Seventy-five typically developing children aged between 6 and 9
years old from monolingual communities in Ontario, Canada, (Statis-

tics Canada, 2007a, 2007b) took part in the study. All children
assented to participate, and a parent or guardian provided informed
consent. An a priori power analysis' was used to select the sample size
that would provide at least 95% power. Participant characteristics are
presented in Table 1. Training groups did not differ significantly on
any background variables (age, sex, years of mother’s education,
preintervention nonverbal IQ) or on the unit of delivery (training
site/location; all ps > 0.1), so these factors were collapsed in subse-
quent analyses.

Participants were randomly assigned to either music or dance
training groups after stratifying for age, nonverbal intelligence, and
gender. The training groups were not significantly different from each
other on the dependent variables (ps > .250), except on the Flanker
task (p = .020). As a baseline comparison, a passive control group
was collected from the same recruitment locations using the same
exclusion criteria. The control group was not statistically different
from the training groups on any of the dependent variables prior to the
intervention (ps > .250), making it a suitable comparison despite the
lack of random assignment.

Materials and Procedure

Training curriculums were designed using national guidelines to
enable age-appropriate, externally valid, and standardized programs
(Ontario Ministry of Education, 2009). Lesson plans are available in
Files A and B of the online supplemental materials. Each program
focused on teaching the core elements for the training domain (On-
tario Ministry of Education, 2009, p. 18).

The music program taught instruments (ukuleles, steel drums, and
a xylophone) and singing, and the dance program taught movement.
Temporal training was common to both programs. A percussion
instrument was used in both to count timing. Structure was common
to both programs, via duration, harmony, and form in music, and
space, time, and relationship in dance. Motor control was common to
both programs, using instruments in the music program and one’s
body in dance. Sound was also common in both programs, although it
was directly trained in music (development of auditory skills by
focusing on pitch, dynamics and other expressive controls, timbre, and
harmony) and as an ancillary in dance (for movement to a beat and
physical expression informed by the tone of the music). Finally, these
elements were combined in both programs to produce synchronized
movements based on timing and structure (rhythm entrainment),
sound, and expression, and in relationship to other performers.

Programs were administered as a summer day camp for 2 hr a day,
5 days a week, for 3 weeks in dance studios and public schools.
Training included direct instruction and group activities, with a public
performance at the end of the training. Teachers were faculty from
York University’s Faculty of Fine Arts, and all teachers had a grad-
uate degree in their respective arts domain plus previous experience
teaching children. Volunteers assisted with the programs to ensure a
5:1 supervision ratio.

Before and after training (or a gap for the nontrained group),
participants were tested on various cognitive measures. Tasks as-

! Calculated power was to find a within—between interaction in a repeated
measures ANOVA for a medium effect size (f = 0.25; Cohen, 1969, p. 348),
three groups, two measurements per group (pre and post), and a correlation
among measures of 0.7. The required total sample size was 42. A medium
effect size was selected based on previous studies of musical training and
cognition studies in children (Sala & Gobet, 2017b). For a small effect size
(f = 0.1), the required total sample size would be 237 for the same parameters
and a correlation among measures of 0.7 (the minimum reliability of the
measures used), or 150 for the same parameters and a correlation among
measures of 0.81 (the average reliability of the measures used).
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Means (SDs) for Background Characteristics of Participants for the Three Groups

Variable

Music (n = 24)

Dance (n = 26) Control (n = 25)

Age (years)

Gender (number of females)

SES (mother’s education®)

Nonverbal IQ (K-BIT matrices standard score)

7.6 (1.2) 8.1(L.1) 7.6 (1.0)
13 19 12
3.9(1.0) 4.0(.8) 425 (.6)
114 (18) 111 (14) 109 (15)

Note.

SES = socioeconomic status; K-BIT = Kaufman Brief Intelligence Test.

# Mother’s education was measured on the following scale: 1 = no high school, 2 = high school diploma, 3 =
some college, 4 = college diploma, 5 = graduate or professional degree.

sessed executive function (working memory, interference control, task
switching), nonverbal intelligence, receptive vocabulary, and process-
ing speed. Means and standard deviations for all tasks at each time
point are presented in Table 2. Details of task materials, design, and
instructions are in File C of the online supplemental materials. Sup-
plemental files and the data set supporting the conclusions of this
article are available at the Open Science Framework repository,
https://osf.io/5gsjq/.

Analyses

Data preparation. On tasks that recorded response times, iterative
trimming with a three-standard-deviation cutoff was used, by subject and
by condition, to remove outliers. Some participants failed to properly
complete all of the measures at each assessment session, which created
missing cells for some tasks. In total, 14.7% of all values were missing or
determined to be outliers. The reasons for missing values were failure to
complete the task properly, programming or technical issues, and partic-
ipant attrition. Based on these, we believe that data are missing at random,
as missing values for any given variable were unrelated to those of other
variables.

To enhance reliability and avoid bias from listwise deletion of partic-
ipants with missing values, estimates for missing scores were calculated
by multiple imputation. Imputation was conducted using the Markov
Chain Monte Carlo method with 100 iterations, which increased the

Table 2

likelihood of convergence for the estimates. Twenty imputations were
conducted to enhance reliability, which enabled power falloff of less than
1%. Multiple imputation preserves the characteristics of the original data
set, helps produce unbiased parameter estimates by accounting for the
uncertainty in missing values (Schafer, 1999) and preventing a loss of
power (Graham, Olchowski, & Gilreath, 2007), and is suitable for the
current study given the obtained sample size and that less than 20% of
values were missing (Graham, 2009). A pattern frequencies calculation
showed that a pattern in which no missing values were present was the
most prevalent, indicating that the number of missing values was not so
large that imputation would bias data.

Difference scores for change across time were calculated for each
measure by subtracting each participant’s second testing session data
from the first. Difference scores for tasks (with multiple experimental
conditions) were calculated by subtracting one condition one from an-
other. Specifically, incongruent scores were subtracted from congruent
for interference control, and switch from nonswitch for task switching
(Table 3).

Difference scores are appropriate because the cognitive tasks used
have high reliability (see Table 4). Change difference scores are more
appropriate than separate scores at each time point because the dependent
variable of interest is a Time X Treatment interaction (Dimitrov &
Rumrill, 2003; Edwards, 2001; Rogosa & Willett, 1983). Task difference
scores are appropriate because the individual experimental condition met

Mean (SD) Change in Performance for Each Cognitive Task and Group

Music (n = 24) Dance (n = 26)

Control (n = 25)

Construct Measure Task Pre Post Pre Post Pre Post
Receptive vocabulary ~ Verbal ability PPVT 112 (104) 117 (14.3) 111(13.2) 112(11.00 109 (12.4) 110(11.1)
Nonverbal intelligence  Visuospatial ability K-BIT matrices 108 (18.1) 113(21.2) 111 (14.0) 119(10.7) 105(13.9) 109 (16.6)
Short-term memory Auditory span Digit Span Forward 9.0 (1.9) 9.9 (2.1) 9.3 (1.8) 9.9 (1.8) 8.7 (2.6) 9.0(2.4)
Working memory Auditory span Digit Span Backward 6.0 (1.4) 6.5 (1.8) 6.5 (1.7) 6.3 (1.7) 532.2) 5.3(2.6)

Visuospatial span Self-Ordered Pointing Task 4.3 (1.0) 42 (.9 4.6 (.6) 4.2 (.8) 4.0(.9) 4.1 (.6)

Inhibition/interference ~ Response Inhibition Flanker 81.9 (75.8) 60.9 (64.7) 51.3(64.4) 72.5(70.7) 28 (35) 22 (39)
control Semantic interference Stroop 112 (78.1) 95.7(40.2) 109 (79) 110 (62.6) 133 (76) 128 (59.8)
Task switching: Unpredictable switching ~ Color-Shape 818 (464) 574 (240) 750(439) 505(336) 729 (359) 656 (407)
Global switch cost Predictable switching Quantity-Identity 1032 (338) 661 (263) 832(237) 626 (240) 889 (315) 791 (354)
Task switching: Local ~ Unpredictable switching Color—Shape 453 (688) 116 (363) 250 (611) 183 (430) 235(523) 91 (510)
switch cost Predictable switching Quantity-Identity 329 (553) 363 (384) 213(366) 254 (348) 241 (486) 229 (550)
Processing speed” Psychomotor speed” Box Completion 53.5(13.5) 45.8(10.8) 42.2(13.3) 36.7(11.1) 49.2(14.8) 51.2(17.2)
Perceptual speed” Symbol Copy*© 53.6 (13.1) 58.5(15.3) 62.2(18.5) 67.2(20.7) 54.8(17.7) 60.3 (18.6)
Perceptual speed Digit Symbol Substitution ~ 29.9 (10.5) 33.8 (14.0) 36.6 (12.7) 39.4(12.8) 34.4(10.9) 37.9(11.3)

Note.

PPVT = Peabody Picture Vocabulary Test; K-BIT = Kaufman Brief Intelligence Test.
#Tasks are classified using Salthouse’s (1993) concept of processing speed, and its subdivisions into psychomotor and perceptual speed.

> Measures of

psychomotor speed measures involve perception of presented stimuli followed by a simple motor response, for example, rapidly drawing lines in designated
locations on the box completion task or rapidly copying symbol stimuli on the symbol copy task. Perceptual-comparison measures involve an additional component
for the comparison of two or more stimuli, for example, the digit symbol substitution task, in which digit stimuli must be compared to a set of digits and symbols

and the corresponding symbol recorded.

recruits working memory (Cepeda, Blackwell, & Munakata, 2013).

¢ Symbol copy has been classified as a psychomotor task in adults but as a perceptual speed task for children, as it also


http://dx.doi.org/10.1037/arc0000048.supp
http://osf.io/5gsjq/

COGNITIVE EFFECTS OF MUSIC AND DANCE TRAINING 183

Table 3
Effect Size (Cohen’s d) and Bayes Factor (BF,

nclusion.

) for Cognitive Measures

Effect size (d)

Construct Measure Task Music Dance BF, clusion
Receptive vocabulary Verbal ability PPVT .55 15 778
Nonverbal intelligence Visuospatial ability K-BIT matrices A1 31 331
Short-term memory Auditory span Digit Span Forward .30 12 216
Working memory Auditory span Digit Span Backward 37 .10 138

Visuospatial span Self-Ordered Pointing Task .16 44 .004

Inhibition/interference Response inhibition Flanker .33 17 .006
control Semantic interference Stroop 46 24 .007
Task switching: Global Unpredictable switching Color—Shape 77 .23 .033
switch cost Predictable switching Quantity-Identity 22 .05 1.964
Task switching: Local Unpredictable switching Color—Shape 77 .36 265
switch cost Predictable switching Quantity-Identity 57 23 .031
Processing speed Psychomotor speed Box Completion 73 .59 157
Perceptual speed Symbol Copy A1 .05 243

Perceptual speed Digit Symbol Substitution .30 12 213

Note. PPVT = Peabody Picture Vocabulary Test; K-BIT = Kaufman Brief Intelligence Test.

the assumptions of each task (e.g., a congruency difference score dem-
onstrated a significant congruency effect rather than masking differences
on speeded processing) and had a comparable reliability to that of each
condition measured separately.

Null hypothesis significance testing. One-way ANOVAs to
compare training groups (music, dance, or control) on difference
scores were conducted on the multiply imputed data sets and pooled
for each measure (refer to File D of the online supplemental materials
for details of pooling procedure). To verify results, mixed ANOVAs
were also calculated with time as a factor (using pre and post scores).
The Time X Treatment interaction had exactly the same p value as the
one-way ANOVAs with difference scores (post scores subtracted
from pre scores) for all tasks.

Because multiple tests were used, it is possible that there may
have been a Type I error. A Bonferroni correction was used to
adjust the alpha level across all 14 tests, p,gjusea = 0-00357. A
Bonferroni correction is not relevant if we were interested in
separate effects of training for each task (and its underlying con-
struct), although it is relevant for the general null hypothesis of an
effect of our independent variable (music or dance training) across
all dependent measures.

Estimation and Bayesian analyses. To overcome limitations
with null hypothesis significance testing, significance testing was
supplemented with estimation techniques and Bayesian analyses.
Bayes factors were interpreted using a cutoff of BF < 0.33 as
evidence for no difference between the groups (Jarosz & Wiley,
2014), that is, in favor of the null hypothesis. A BF > 3 was
interpreted as evidence for a “substantial” difference (with differ-
ent levels of strength depending on magnitude).

Estimation techniques consisted of effect sizes® and confidence
intervals to describe the magnitude and precision of findings
(Cumming, 2012, 2013, 2014; Nickerson, 2000). Reporting effect
sizes and confidence intervals has been strongly recommended,
even for nonsignificant effects, as these estimation techniques are
more reliable and easier to interpret than significance testing
(Cumming & Finch, 2005; Kline, 2013). Because visually present-
ing pre and post scores biases interpretation as a result of a
correlation between the measurements, confidence interval graphs
were calculated using difference scores for each group (Cumming
& Finch, 2005). Graphs were designed using the ESCI software
(Exploratory Software for Confidence Intervals; Cumming, 2013)
for repeated measures designs. When interpreting graphs, a confi-

dence interval with a mean difference that does not encompass zero
indicates a significant change between pre- and posttesting.

Results

Task Switching

For the quantity-identity task, a measure of predictable task switching,
the results show statistically significant changes in global switch cost for
the experimental groups compared with the control, F(2,72) = 4.84,p =
.031, BF,, cjusion = 1.964. The Bayes Factor indicated inconclusive evi-
dence; hence, even though the p value was significant, evidence does not
exist to support a meaningful interaction. Further, after accounting for the
adjusted p value, the result is no longer significant.

The range of sample mean differences showed faster RTs for the
music and dance groups on global switch cost for the quantity-identity
task (see Figure 1). In contrast, the range for the control group mean
change varied from a decrease to an increase in RTs, indicating that
some participants got worse. Moreover, the entire interval of response
times for the music group showed no overlap with the control group.
There was an overlap between groups on global switch cost for the
color—shape task and on local switch cost for both tasks.

On the color—shape task, the results were not statistically significant
for global switch cost, (2, 70.1) = 0.88, p = .42, BF,, ciusion = 0.033.
For local switch cost, no significant changes were found on the
quantity-identity task, all F's = 0.612, ps > 0.250, BF, . jusion = 0.031,
or the color—shape task, F(2, 70.1) = 2.14, p = .126, BF, . jusion =
0.265.

Processing Speed

On processing speed measures, no significant result was found on
the box completion task, F(2, 70) = 2.61, p = .081, and Bayesian
analyses were inconclusive, BF; j.cion = 0.757. No significant effects
were found in the number of items completed on the symbol copy,
F(2,70.1) = 0.038, p = .96, BF, jusion = 0.243, or symbol coding
tasks, F(2, 70.1) = 0.143, p = .87, BF, .jusion = 0.213. Confidence
intervals on the mean difference show that the groups overlapped
almost completely (see Figure 2).

2 Effect sizes were calculated by comparing each treatment group with the
untrained control group (Sedgwick, 2015a, 2015b).
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Table 4
Published Psychometrics for Cognitive Measures

Internal
consistency Test—retest

(split-half  reliability
Construct Measure Task reliability)  (stability) Reference
Receptive vocabulary Verbal ability PPVT 94 93 Dunn, Dunn, & Lenhard (2015)
Nonverbal intelligence Visuospatial ability K-BIT matrices .88 .83 Kaufman & Kaufman (2004)
Short-term memory Auditory span Digit Span Forward .83* 72 Williams, Weiss, & Rolfhus (2003)
Working memory Auditory span Digit Span Backward .80 .67 Williams et al. (2003)
Visuospatial span SOPT .88° T1f Cragg & Nation (2007); Willoughby & Blair (2011)
Inhibition/interference Response inhibition Flanker 75¢ 928 Zelazo et al. (2013)
control Semantic interference  Stroop .87 Friedman et al. (2006); Xu et al. (2013)
Task switching: Unpredictable switching Color—Shape .88¢ Paap & Sawi (2014)
Global switch cost  Predictable switching Quantity-Identity .83 Xu et al. (2013)
Task switching: Local Unpredictable switching Color—Shape 78 Friedman et al. (2006)
switch cost Predictable switching Quantity-Identity 774 Xu et al. (2013)
Processing speed Psychomotor speed Box Completion 97¢ 78" Fristoe, Salthouse, & Woodard (1997); Salthouse (1994)
Perceptual speed Symbol Copy 95°¢ 93 Salthouse & Meinz (1995); Williams et al. (2003)
Perceptual speed Digit Symbol Substitution .85¢ 97 Conway, Cowan, Bunting, Therriault, & Minkoff

(2002); Salthouse (1994)

Note.
# Fisher’s z transformation.
explicit cue paradigms.
2007). # Test-retest intraclass correlation coefficients.

® Cronbach’s alpha (o).

Working Memory

There were no significant changes in either of the trained groups’
working memory measures, as measured by the digit span forward
task, F(2, 70.1) = 0.611, p = .55, BF, .jusion = 0.216, the digit span
backward task, F(2, 69.6) = 1.39, p = .26, BF, .jusion = 0.138, or the
self-ordered pointing task, F(2, 67.5) = 1.69, p = .193, BF
0.004 (see Figure 3).

inclusion —

Interference Control

The flanker task had significant differences between groups at
baseline (p = .020), so posttest scores were analyzed after entering
pretest scores as a covariate. A significant interaction was found
between group and time, F(1, 73) = 6.42, p = .013, but this result was
not supported by Bayesian analyses, BF; . .on = 0.137, indicating
that the finding is not robust. No effect was found on the Stroop task,
F(2,70) = 0.26, p > .250, BF,, . jusion = 0.007. As demonstrated in the
confidence interval graphs, the range of mean differences for all
groups was centered around zero (see Figure 4).

Nonverbal Intelligence and Receptive Vocabulary

On receptive vocabulary, as measured by the Peabody Picture
Vocabulary Test (PPVT; Dunn, Dunn, & Lenhard, 2015), there was
no significant difference on the vocabulary score, F(2, 69.9) = 2.42,
p = .096, BF, . jusion = 0.778. The 95% confidence intervals indicate
that the range of values for the mean from pre to post on the PPVT
shows a considerably larger increase in task performance for the
music group compared with the dance and the control groups (see
Figure 5). On nonverbal intelligence, as measured by the K-BIT
matrices, there was no evidence for an effect, F(2, 70) = 0.64, p >
.250, BF; = 0.331.

inclusion

Discussion

A central question in psychological science is determining whether
training can produce cognitive benefits. The gold standard in answer-
ing this is evaluation of change using experimental trials. Because of

PPVT = Peabody Picture Vocabulary Test; K-BIT = Kaufman Brief Intelligence Test; SOPT = Self-Ordered Pointing Task.
¢ Spearman-Brown Prophecy correlation.
¢ A similar version of the task (symbol coding; Salthouse, 1994).

" Alternate forms (equivalence testing).

4 Based on Number—Letter task, and Category-Switch task, both
T A version of the task based on the original (Cragg & Nation,

minimal experimental studies until now, research has not been able to
definitively conclude the reliability of a documented cognitive advan-
tage in musicians. The current randomized controlled trial found no
changes on cognitive performance after a short period of music
training compared with dance training or a nontrained group. The
results support increasing existing experimental evidence on the lack
of causal effects from short-term musical training on cognition. The
findings situate effects of music within evidence from the training
literature that far transfer from training to cognition is rare.

The majority of existing music research has used nonexperimental
designs (correlational, longitudinal, or quasi-experimental) and found a
musician advantage on cognition. Conversely, the small number of ex-
perimental studies suggest few to no effects, especially with strong
methodological designs (Sala & Gobet, 2017b). Although nonexperimen-
tal studies have been helpful in exploring the possible range of cognitive
benefits, the field has reached a point at which controlled experiments
such as the current study are useful in clarifying the discrepancy between
nonexperimental and experimental results.

We tested the possibility of a musician advantage in two ways:
whether effects of training were general (i.e., existed across cog-
nitive abilities) and unique to music (in comparison with dance
training and no training). The large task battery tested changes in
a range of cognitive abilities following training. No experimental
support was found on any of the abilities measured (working
memory, interference control, task switching, processing speed,
receptive vocabulary, or nonverbal intelligence) following train-
ing. The lack of improvement across cognitive measures also rules
out the previous theoretical propositions of core cognitive abilities
(executive functions, processing speed) or core training mecha-
nisms (multimodal coordination and rhythm entrainment) as me-
diators for a cognitive benefit. No significant differences were
observed any of the groups measured, indicating no unique bene-
fits from short-term musical training.

Different aspects of the research design were controlled to parse
training effects from alternative factors that influence cognition. Mea-
suring individuals before and after training allowed calculation of the
absolute magnitude of training effects compared with baseline per-
formance. The use of a passive control group isolated causal effects of
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Figure 1. Mean change from pre- to posttraining for each group, with a 95% confidence interval on the mean

difference scores for task switching reaction time on (A) global and (B) local switch cost. Decreases indicate an

improvement in performance.

training from normal development (Sedgwick, 2015a, 2015b). Using
two training groups with matched features served as active controls to
confirm whether the overlapping features have similar effects
(Moreau & Conway, 2013). Self-selection into training and any back-
ground characteristics associated with individuals who are usually
drawn to music or dance were ruled out by using a sample without
previous arts training and randomly assigning them to the type of
training.

Strengths and Limitations of the Current Study

Groups were similar on all dependent variables (except one) and
prognostic factors (IQ, socioeconomic status, age) at baseline;
hence, any changes can be attributed to training rather than pre-
existing differences between groups. A limitation is that the pas-
sive control group was not randomly assigned, and nonrandomized
trials risk allocation bias from unmatched groups because of the
inability to control the balance of prognostic factors between the
treatment groups (Li, 2014). However, the groups were equivalent
at baseline on prognostic factors and can statistically be treated as
random.

The decision to not randomly assign individuals to a passive control
group provided an ethical advantage—it would have been unfair to
provide some recruited individuals but not others with a free arts
program. Even if it were done, the motivation, preferences for a
certain intervention, and experience of receiving an intervention be-
tween active control and passive controls at posttesting would not

have been equal. Using a nonrandomized trial also enabled use of a
community-based trial, whereby complete communities within the
target population were targeted in the study. The community approach
enhances external validity because the study results can be general-
ized to the population that the sample is meant to represent. Con-
versely, the strict inclusion criteria of randomized trials may limit
recruitment to participants who are not as representative of the pop-
ulation, as it involves only participants that are willing to be random-
ized (even to a passive group). A further benefit is that our passive
control group was blinded, as they did not know they were in an
intervention study, and the active controls also did not know the
expected benefits for their group versus the other program.
Although random assignment and repeated measurements help
rule out third-factor explanations for previously demonstrated ef-
fects from nonexperimental evidence, there are several differences
in training between experimental and nonexperimental trials. It is
conceivable that benefits from training exist with other training
parameters (e.g., type or amount of training). The main difference
is that most nonexperimental studies test experts with many years
of training. A longer training duration might produce greater
benefits, but benefits are often largest early in learning and may
even reach an upper limit (Barrett, Ashley, Strait, & Kraus, 2013).
Future longitudinal studies could bridge this gap by tracking the
trajectory of training-related change, although longer programs
face issues of participant dropout and are less feasible to imple-
ment. The chosen duration of several weeks is typical of training
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Figure 2. Mean change from pre- to posttraining for each group, with a 95% confidence interval for (A)
processing speed reaction time and (B) number of boxes completed. Decreases in reaction time (A) indicate an
improvement in performance, and increases in the number of boxes (B) indicate an improvement.

studies (Slagter et al., 2011), and cognitive benefits have been
found even with two sessions (Kimura & Hozumi, 2012).

There is notable heterogeneity in what was actually trained in
published research, which makes it difficult to compare across studies.
Nevertheless, several elements that are core to learning music and
tend to emerge across studies. We focus on these elements (Ontario
Ministry of Education, 2009, p. 18) and hope that our operational
definitions for music and dance provide a foundation for future
investigations. Prospective research on the locus of training effects

can test the extent of similarity between music and dance in the
elements trained and at a cognitive level to identify the “active
ingredients” for each.

Differences in tasks or conceptualizing cognitive constructs
could also explain the inconsistency between our results and past
studies. Executive functions, in particular, are difficult to measure
and classify (Jurado & Rosselli, 2007). Results vary across mea-
sures of a construct and even on the same measure (Bergman
Nutley, Darki, & Klingberg, 2014; George & Coch, 2011; cf. Janus
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Figure 3. Mean change from pre- to posttraining for each group, with a 95% confidence interval for working
memory span. Increases indicate an improvement in performance.
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Figure 4. Mean change from pre- to posttraining for each group with a 95% confidence interval for interference
control reaction time. Decreases indicate an improvement in performance.

et al., 2016). Future studies using multiple tasks per measure are
desirable and have shown a coherent effect of musical training
across multiple measures of the same construct (D’Souza et al., in
press; Moradzadeh et al., 2015).

The ability to detect changes in executive function was limited to
the sample of individuals used. Children with low executive function
performance or low socioeconomic status benefit the most from
cognitive interventions (Diamond, 2012). Because our sample was
from middle- to upper-class neighborhoods, individuals from less
privileged backgrounds may have more room for improvement.
Follow-up research can look into interactions of training with back-
ground variables.

The timing of measurement may have influenced observed ef-
fects. Participants were measured 1 to 2 weeks after training ended,
although in a few cases, follow-up was 3 weeks later because of
practical constraints. Results may have underestimated training
effects and missed any short-term benefits, although a follow-up
analysis accounting for time between training and posttesting
session failed to find any change in the obtained results. The
reliability of measures should also be considered (refer supplemen-
tal material for validity of measures), particularly the short-term
reliability of measures given the brief duration of the study and

possibility of practice effects. The use of a passive control group
with the same short-term window helps isolate practice effects
from additional effects as a result of training.

Insights Into Cognitive Transfer

The current findings offer exploratory insights on the cognitive
impact of dance, a skill form that has been largely neglected in the
cognitive training literature. Previous training research and public
opinions have centered around music cognition, sometimes at the
expense of other art forms. Follow-up studies can isolate and test
the putative effects of music by comparing it with other activities.
Past demonstrations have assessed activities that have minimal
overlap in training elements with music, such as drama, natural
science, and visual arts (Moreno et al., 2011; Roden, Grube, et al.,
2014; Roden, Konen, et al., 2014; Schellenberg, 2004). The current
study attempts a complementary aim of comparing music with a
similar activity. Although it is valuable to use completely different
training activities, it is equally theoretically useful to use similar
ones.

There was a significant improvement on task switching for both
trained groups, although it was found on one task (predictable
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Figure 5. Mean change from pre to post training for each group with a 95% confidence interval for intelligence.
PPVT = Peabody Picture Vocabulary Test; K-BIT = Kaufman Brief Intelligence Test.
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switching) and on one type of task switching (global switch cost).
However, strong causal conclusions are not merited because of the
equivalence of results for both experimental groups and the lack of
a randomly assigned passive control group. Second, the result may
have been the result of a Type I error because the effect was not
robust to better statistical analyses—it was no longer significant
after accounting for multiplicity and lacked support from Bayesian
analyses. Moreover, a similar effect was not found on the other
task (unpredictable switching) for the same type of task switching
(global switch cost), nor on both tasks on another type of task
switching (local switch cost).

Although the results do not provide adequate quantitative support
for any training effects, it is plausible that the observed benefit on
predictable task switching may be more than a statistical artifact,
because there is meaningful overlap between the training content in
music and dance and the tested ability of predictable task switching.
Theories of transfer and evidence from skill learning studies show that
improvements are contingent on an overlap between training para-
digms and tested cognitive abilities (Barnett & Ceci, 2002; Carey et
al., 2015; Diamond, 2012; Green & Bavelier, 2008; Lovdén et al.,
2010; Slagter et al., 2011).

The main overlap between both training forms is multimodal
coordination and rhythm entrainment. Rhythm entrainment is a
core feature of both music and dance and has been explicitly
proposed as the mechanism that supports development of executive
functions for training effects from music and dance (Miendlarze-
wska & Trost, 2014). Processes that comprise rhythm entrainment,
including coordination of movement to temporal patterns, bear
conceptual resemblance to predictable task switching. Rhythm
entrainment involves learning rhythm (patterns in timing and struc-
ture despite changes in sound; Rohrmeier & Rebuschat, 2012;
Tillmann, 2005; Tillmann & McAdams, 2004), then consistently
timing motor responses to the rhythm (Baer, Thibodeau, Gralnick,
Li, & Penhune, 2013; Chen, Penhune, & Zatorre, 2008; Grahn &
Brett, 2007; Slater, Tierney, & Kraus, 2013). Similarly, predictable
task switching involves learning a fixed pattern of responses, in
this case, switching between tasks in an alternate manner, and then
timing responses to that pattern. It is plausible that the training of
synchronizing motor responses to a set pattern in music and dance
generalized to synchronizing motor responses to a fixed task-
change rhythm, but this conclusion is purely speculative without
further research.

The lack of training benefits fit with the small size and scope of
transfer effects in the training literature, in which training-induced
change, particularly far transfer, is the exception rather than the norm
(Green & Bavelier, 2008; Noack et al., 2009; Slagter et al., 2011).
Similarly, the possibility of enhancing intelligence through remedia-
tion and training has been questioned by researchers (e.g., Chooi &
Thompson, 2012). In contrast, lay perspectives on the malleability of
intellectual ability and general cognitive performance tend to be
overwhelmingly hopeful and are partly misguided by miscommuni-
cation of research findings in the popular press (Mehr, 2015). The
narrow scope of transfer of training forms, particularly short-term
training, suggests cautiousness when making recommendations pre-
scribing training.

The topic of improving cognition is increasingly ubiquitous.
Positive findings on transfer from the arts to cognition offer
promising applications and have been used to encourage evidence-
based arguments in favor of arts education for children (Catterall,
2002; cf. Winner & Cooper, 2000). If the value of a training
domain is based on abilities that are not directly related to what
was learned during acquisition (as may be the case with cognition),

a lack of consistent empirical support can make training domains
appear inferior. Future research could test transfer on other abili-
ties that are more relevant to arts training, including noncognitive
abilities such as mood and creativity (Hallam, 2010). Further,
beyond transfer to mental performance (both cognitive and non-
cognitive), we echo previous researchers that the intrinsic value of
music and dance should remain central to the justification of arts
education in school curriculums (Collins, 2014; Gazzaniga, 2008;
Gill & Rickard, 2012).
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