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A DULT MUSICIANS TEND TO OUTPERFORM
nonmusicians in a variety of language and languagerelevant tasks. Moreover, children who take music lessons
will show an increased ability in several types of language skills. However, it is still unclear what the time
course of these developmental effects might be, and
the degree to which young children improve in their
musical abilities. Here, we present the first year of data
from an ongoing longitudinal study, aimed at finding if
measurable improvements in musical and linguistic
abilities can be seen among children taking music classes. We studied 90 children (age 3–6) who were enrolled
to take group classes in a conservatory setting. We measured their musical, language, and perceptual abilities
both at the beginning and the ending of the school year.
Pre vs. post comparisons showed an increase in vocabulary size, pre-reading skills, and singing ability; these
increases were beyond what could be attributed to normal development during the time. We also found that
singing ability was correlated with language skills.
Taken together, these results show that early childhood
music training can lead to associated improvements in
both musical skills and language skills, strengthening
the evidence for a developmental link between these two
abilities.
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M

USIC HAS LONG BEEN CONSIDERED TO BE

closely related to intelligence. Although many
of the hyperbolic claims of the mass media
about Mozart turning babies into ‘‘Einsteins’’ can be
easily dismissed, research from the past two decades has
shown that there does seem to be a convincing link
between music training and certain types of cognitive
abilities. A good number of studies have shown that
musicians (defined as people who have many years of
music training, regardless of their current profession)

perform better at a variety of different tasks that are not
immediately related to music. For example, musicians
outperform nonmusicians at several different subcomponents of executive function (Miyake et al., 2000),
such as task switching (Hanna-Pladdy & MacKay,
2011; Moradzadeh, Blumenthal, & Wiseheart, 2015),
response inhibition (Bialystok & DePape, 2009; Strait,
Kraus, Parbery-Clark, & Ashley, 2010), and working
memory (George & Coch, 2011; Oechslin, Ville, Lazeyras,
Hauert, & James, 2013; Pallesen et al., 2010; Slevc, Davey,
Buschkuehl, & Jaeggi, 2016). These executive functions
have been thought to underlie the posited relationship
between music lessons and IQ (Degé, Kubicek, & Schwarzer, 2011; Schellenberg, 2004, 2006). The cognitive differences between musicians and nonmusicians are reflected
in neurological measurements as well, including structural differences (e.g., Bermudez, Lerch, Evans, &
Zatorre, 2009; Gaser & Schlaug, 2003) and functional and
electrophysiological measurements (George & Coch,
2011; Koelsch, Fritz, Schulze, Alsop, & Schlaug, 2005;
Parbery-Clark, Skoe, & Kraus, 2009; Zuk, Benjamin,
Kenyon, & Gaab, 2014).
However, the relationship between cognitive functions
and music training is not as straightforward as it might
seem. Though most studies published on the matter
show an effect of musical background, many show only
a limited benefit of music training. In particular, the evidence is inconclusive as it relates to many of the farthest
cases of transfer, such as transfer across modalities. Visual
tasks are less likely to show an advantage for musicians
(Ho, Cheung, & Chan, 2003; Parbery-Clark, Strait,
Anderson, Hittner, & Kraus, 2011), though they are
reported in some studies (Oechslin et al., 2013; Schellenberg, 2006). In contrast, musicians seem to have an
advantage when cognitive skills are assessed through the
auditory modality (Bialystok & DePape, 2009; Bidelman,
Hutka, & Moreno, 2013; Chan, Ho, & Cheung, 1998;
Ho et al., 2003; Pallesen et al., 2010; Parbery-Clark
et al., 2011).
MUSIC AND LANGUAGE

However, it is not simply measurements of executive
function that show an advantage for musicians. One
area in particular that seems to show a consistent
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musician advantage is language skills. A considerable
number of studies have shown that musicians outperform nonmusicians in many different subcomponents
of language skill (e.g., Chan et al., 1998; Schellenberg,
2006; Slevc & Miyake, 2006; Thompson, Schellenberg, &
Husain, 2004). In children, music training has been
linked to larger vocabularies (Forgeard, Winner, Norton,
& Schlaug, 2008; Moreno et al., 2011), better expressive
grammar abilities (Gordon, Shivers, et al., 2015), better
comprehension of emotional prosody (Thompson et al.,
2004), second language learning ability (Patscheke, Degé,
& Schwarzer, 2016; Swaminathan & Gopinath, 2013),
and better reading ability (Anvari, Trainor, Woodside,
& Levy, 2002; Goswami, 2011).
Of all of these, the language subcomponent that has
shown the most reliable musician advantage is phonological processing (see Gordon, Fehd, & McCandliss,
2015, for a recent meta-analysis). Many studies with
children have shown music training to be associated with
better phonological processing skills (e.g., Degé &
Schwarzer, 2011; Herrera, Lorenzo, Defior, FernandezSmith, & Costa-Giomi, 2011; Overy, 2003; Tsang &
Conrad, 2011), and a recent study in our lab has shown
a similar finding among adult musicians. Even in children without music training, basic musical skills have
been associated with phonological abilities (Goswami,
Huss, Mead, Fosker, & Verney, 2013; Huss, Verney, Fosker, Mead, & Goswami, 2011; Lamb & Gregory, 1993;
Loui, Kroog, Zuk, Winner, & Schlaug, 2011); there is
some evidence that this may be particularly linked with
pitch or rhythm skills (Anvari et al., 2002; Huss et al., 2011;
Loui et al., 2011; Moritz, Yampolsky, Papadelis, Thomson,
& Wolf, 2013; Woodruff Carr, White-Schwoch, Tierney,
Strait, & Kraus, 2014).
Although the mechanism for this transfer is not completely clear, one likely candidate comes from the
OPERA hypothesis (Patel, 2011, 2014). This hypothesis
suggests that the neural architecture supporting speech
perception overlaps with that supporting musical activities, and that the greater precision required by musical
processing, augmented by other factors inherent to
music, drives neural plasticity that helps improve speech
processing as well. This greater spectrotemporal processing ability can lead to better phonological ability, which
itself can lead to improvements in vocabulary, reading
ability, and other linguistic skills (Tallal & Gaab, 2006).
This line of reasoning is supported by a rich body of
work showing improved spectrotemporal processing
abilities in musicians. Behaviorally, musicians show
increased ability to hear speech in a noisy context (Bidelman & Krishnan, 2010; Parbery-Clark, Skoe, & Kraus,
2009; Parbery-Clark, Skoe, Lam, & Kraus, 2009); this

holds for musicians of all ages, from youth (Anderson,
Skoe, Chandrasekaran, Zecker, & Kraus, 2010) to elderly
adults (Parbery-Clark et al., 2011; Zendel & Alain, 2012).
They also show greater accuracy in perceiving subtle
timing differences (Gaab et al., 2005; Parbery-Clark
et al., 2011) and more accurate pitch perception (Hutchins & Peretz, 2012; Kishon-Rabin, Amir, Vexler, & Zaltz,
2011), including vocal pitch perception (Hutchins &
Peretz, 2012; Hutchins, Roquet, & Peretz, 2012). These
abilities are also reflected in neurological measurements.
The mismatch negativity response to changes in vowels,
for example, is heightened in musically trained children
(Chobert, François, Velay, & Besson, 2014; Chobert,
Marie, François, Schön, & Besson, 2011). The brainstem
frequency-following response, too (Bidelman, Gandour,
& Krishnan, 2011; Bidelman, Krishnan, & Gandour,
2011; Lee, Skoe, Kraus, & Ashley, 2009; Parbery-Clark,
Skoe, & Kraus, 2009), more closely tracks the time and
frequency domain changes in an auditory signal in musicians than nonmusicians. This is believed to be one of the
underlying mechanisms that facilitates musicians’
improved behavioral performance.
These benefits of music training can also be shown to
extend to less-advantaged groups. In a series of studies in
collaboration with the Harmony Project, a program that
provides free music education to children from lowincome communities, Kraus and colleagues have demonstrated that children ages 6–9 who began to learn an
instrument showed increases in both behavioral (speech
in noise) and neurological (brainstem response) measurements (Kraus, Hornickel, Strait, Slater, & Thompson,
2014; Kraus, Slater, et al., 2014; Slater et al., 2015).
Spanish-English bilingual children in this program were
less likely to fall behind age-normalized reading levels
than a matched control group, a common phenomenon
in this group (Slater et al., 2014). Moreover, their results
indicated that higher levels of engagement in the music
training were associated with both neurological and
behavioral improvements (Kraus, Hornickel, et al., 2014).
Children with language difficulties, too, may be aided
by music training. Both dyslexia and SLI have been
argued to arise from core auditory deficits in spectrotemporal processing (see Goswami, 2011, for a review),
the same ability that is generally increased in musicians.
Dyslexia is often coincident with musical impairments,
such as poor rhythmic entrainment (Huss et al., 2011;
Thomson, Fryer, Maltby, & Goswami, 2006; Thomson
& Goswami, 2008; Wolff, 2002). Musical interventions
have been shown to help dyslexics in some cases (Bhide,
Power, & Goswami, 2013; Habib et al., 2016; Overy,
2003), though the existence of musicians with dyslexia
(Bishop-Liebler, Welch, Huss, Thomson, & Goswami,
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2014; Zuk et al., 2017) indicates that music training
alone is not sufficient to overcome dyslexia. These dyslexic musicians were, however, found to have better core
auditory abilities and slightly better phonological abilities than a control group of dyslexics without music
training.
STARTING EARLY

Given this musician advantage for language and
language-relevant processing, a natural question to ask
is when does this advantage begin? How much training
is required to see this benefit? In addition, musicians
start their studies at different ages—many start well
before school age—while other equally accomplished
musicians do not begin their training until much later
in adolescence. Is there a difference between early- and
late-trained musicians? Some research has tried to
address these questions.
Several studies show evidence that neurological structural differences between musicians and nonmusicians
are mediated by the duration of the musicians’ training
(Bermudez et al., 2009; Elbert, Pantev, Wienbruch, Rockstroh, & Taub, 1995; Foster & Zatorre, 2010; Schlaug,
Jäncke, Huang, Staiger, & Steinmetz, 1995). Moreover,
these structural and performance differences have also
been linked to the age of training onset: Early-trained
musicians outperform late-trained musicians in musicrelevant tasks (such as synchronization), even after controlling for total duration of training (Bailey & Penhune,
2010; Bailey, Zatorre, & Penhune, 2013; Steele, Bailey,
Zatorre, & Penhune, 2013). Absolute pitch (AP, commonly referred to as perfect pitch), too, shows a strong
effect of age of training onset, with the large majority of
AP possessors having begun their training before the age
of 6, and those beginning earlier being more likely to
develop the ability (Baharloo, Johnston, Service, Gitschier, & Freimer, 1998; Takeuchi & Hulse, 1993).
This early music training also seems to affect the
development of language skills. A meta-analysis of 13
studies showed a significant, positive effect of music
training on the development of phonological awareness
skills in children age 4-9 (Gordon, Fehd, & McCandliss,
2015). A model based on this analysis concluded that
approximately 40 hours of training were needed to
show significant effects of music training (though the
authors urged caution in its interpretation, due to small
sample sizes). Thus, it seems likely that music training
can affect language skills from the very beginning.
These experiments give some useful clues as to the
timeline of language-relevant benefits from music training. However, one of the more compelling ways to study
this issue would be to use a longitudinal design, tracking
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young children’s linguistic and musical skills as they
progress through several years of study. Longitudinal
designs pose certain problems for researchers, however.
In addition to the cost and the difficulty of maintaining
consistent training and contact across years, it can be
difficult to find experimental tests and materials that are
appropriate for a wide age group, to enable comparisons. Another major problem is the controls for testing.
Most studies of the effects of music training include
a control group that either receives an alternative type
of training, or no contact. This allows the researchers to
compare the two groups, as a control for normal development. The control group is asked to not participate in
extracurricular musical activities during this time. However, in a longitudinal study, this becomes problematic.
The desires and situations of children and their caregivers can change dramatically over the course of several years, and to maintain a large group of children
who are directed to not take music classes over the
course of 3-5 years seems ethically problematic. In addition, dropout rates can be high over the course of even
one year of such a study, and the number and types of
families that drop out from a control group would likely
be quite different from those dropping from the music
training group.
AIMS AND LONGITUDINAL DESIGN

In this study, we aim to find if measurable improvements in musical and linguistic abilities can be seen
among children taking music classes. The current manuscript examines the first year of results from our ongoing longitudinal study, where we examine the change
over the course of one school year. We hypothesize that
during this timeframe, we should see measurable benefits to musical abilities (tapping and singing accuracy),
and small but measurable benefits to linguistic abilities.
These improvements should be independent of aging, as
would be shown by improvement to the standardized
scores when available, and a lack of interaction with age
for those tests without standardized scores. We also
hypothesize that there should be a relationship between
some musical abilities and language related skills.
This current study is part of a larger longitudinal
study that attempts to deal with many of the problems
inherent to these types of studies. Several of the logistical problems of a longitudinal design are eased due to
working with a prestigious conservatory. The Royal
Conservatory has been operating early childhood music
education since the 1920s, and is the most well-known
conservatory in Canada, located in downtown Toronto.
The total enrollment in the conservatory’s early childhood music education program is typically over 300
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children, making it much easier to find willing participants. These classes maintain a consistent curriculum
(and also lead into individualized music lessons later on,
for many children), effectively controlling the types of
training received, and many children continue in the
same course of study from preschool up through kindergarten. Thus, there is a willing and stable base of
children and families motivated to continue music classes for several years.
The lack of a control group is more problematic,
though. Our current study deals with this in multiple
ways. First, we are implementing a relatively new type of
design in which incoming participants are used as controls for those who have been in the program for longer.
We term this the ‘‘cascade design,’’ and it is possible
because our programs have new students beginning at
various ages; there is no regimented starting age. Thus,
in the longer term, newly starting 4-year-old children
(for example) can act as controls for 4-year-old children
who have been in the program for the prior year. Those
same children can then serve as a test group during the
next year for incoming 5-year-old children, as well as be
compared to the 5-year-old children who have been in
the program for two years, and so on. While this design
does not guarantee equal numbers in each condition,
and does not serve as a true experimental design, it does
provide relatively similar demographic groups to compare between, while avoiding the problems of having
a long-term control group forbidden from music
classes.
Over the shorter term, the other major way we deal
with this problem is through the use of agestandardized tests. Some of the tests we use provide
age-standardized scores, based on the abilities of the
general population. These are normalized to have
a mean of 100 and a standard deviation of 15 at all age
levels, allowing comparison across different ages. Using
this, then, we can provide some control for the differences between different age groups in our study, and
more importantly, for the aging of individual participants during our study, including the aging between pre
and post testing sessions. Again, this does not control
for 100% of the changes across the time periods, but it
does help control for normal aging-related development
considerably.
For those tests that do not have age-standardized
scores (e.g., our in-house musical tests), we use statistical controls to help parse out the variance due to normal
aging-related development and those due to other factors. Showing better performance in the post test among
3-year-old children than in the pre-test among 4-yearold children, for example, can help indicate that the

former’s improvement might not have been due to
aging alone.
Method

In this study, we tested children ages 3–6 who were
enrolled in group music classes. Tests of vocabulary,
phonological processing, speech perception in noise,
singing ability, and tapping ability were conducted at
the beginning and the end of a school year.
PARTICIPANTS

Participants were recruited from the population of families from the greater Toronto area who had already
enrolled for Smart Start classes (The Royal Conservatory’s early childhood music education program). These
classes are divided by age group (roughly equivalent to
the school year); children in classes for ages 3-6 were
eligible for the research study. One-hundred-five children (21% of the total eligible population) signed up for
the study. Of these, 90 were included in the final sample
(41 female, 49 male), with 23 in the 3-year-old group, 38
in the 4-year-old group, 19 in the 5-year-old group, and
10 in the 6-year-old group. The main reasons for noninclusion were not showing up for the post test (13 children) and non-compliance of the child (2 children, both
refused to wear headphones). Of these exclusions, 9
were from the youngest age group, and 4 from the second youngest age group. Children were not excluded
from the analysis for performance or language issues,
however. The mean age of included children was
4.55 years (range ¼ 3.09–6.83 years) at the pre-session,
and 5.13 years (range ¼ 3.68–7.43 years) at the postsession. Of the 90 total children, 54 were reported by
their primary caregiver as having at least one parent with
a prior musical background, 44 had taken a prior Smart
Start class, and 15 were concurrently learning an instrument. In addition, 17 were reported as speaking a primary
language other than English in the home. These children
began learning English at a mean age of 22 months and
were fluent in English at the time of data collection, as
reported by their caregivers (all 17 were rated as ‘‘good’’
or ‘‘very good’’ in their understanding of English).
No caregivers indicated any hearing problems with
their children. Informed consent was obtained from all
parents.
As compensation for their time, families were given
10% of the program’s enrollment fee (a value of approximately $50) and a certificate of recognition with their
child’s name on it. The children were given a small toy
at the end of each session.
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TESTS AND MEASUREMENTS

All children in this study participated in group music
education classes, held at The Royal Conservatory’s
downtown Toronto facility. These classes lasted eight
months (from September until May), with normal
breaks for holidays; there were a total of 28 classes.
Individual attendance records were not kept by the teachers, but other records indicate that attendance tended
to be high, near 75%, with the majority of those who did
not attend regularly dropping out altogether. These classes used the Smart Start curriculum, a new curriculum
developed in-house. This curriculum, applicable for
children ages 0–6, is intended to incorporate current
understandings of cognitive psychology into the activity
design. Each activity was constructed by subject-matter
specialists in music or other arts and reviewed and edited by the Royal Conservatory’s early childhood music
specialist (Catherine West). Curriculum activities were
designed to teach specific musical skill while incorporating the use of one or more cognitive domains, which
included attention, memory, perception, and cognitive
flexibility. Subsequent to this, each activity was reviewed
by a trained cognitive neuroscientist (the author), in
order to ensure that it did in fact target the appropriate
cognitive domain in an (age-appropriately) challenging
way. The purpose of this curriculum is to ensure that the
classes maximize students’ engagement and current
abilities. Importantly, lessons were not designed to teach
the children specific cognitive skills, but rather to
engage these skills through music; the primary goal of
each class remained effective music training.
Each Smart Start teacher (N ¼ 10) was given training
to help understand and incorporate this curriculum into
their lesson planning. This training consisted of 10–30
hours of theoretical and practical work, plus an extra
6–10 hours of in-class training. The teachers, all of whom
were experienced music teachers, created their own classes, each with its own structure, but were required to
follow the principles of the new curriculum, and were
encouraged to use specific activities from the curriculum
books. The musical goals of these classes included awareness of basic musical concepts (such as beat, rhythm,
pitch height, form, etc.), the development of the singing
voice, greater comfort in moving to music, and experience with pitch and non-pitched percussion instruments.
Older classes extended these goals to include imitation
and adaptation of musical excepts and use of rudimentary music notation. These goals were supported by
a variety of activities, including group and solo singing,
movement activities, listening activities, activities with
instruments, and musical games, as well as by free play
time for independent, non-guided musical exploration.

Children in this study participated in a battery of five
tests. Three of these were commercially available tests
designed to test language-related abilities: the Peabody
Picture Vocabulary Test, Fourth Edition (PPVT; Dunn &
Dunn, 2007), the Comprehensive Test of Phonological
Processing, Second Edition (CTOPP; Wagner, Torgesen,
Rashotte, & Pearson, 2012), and a speech discrimination
in noise (SIN) test derived from the Auditory Skills
Assessment (ASA; Geffner & Goldman, 2010). The other
two were musical tests, designed in house: a tapping
synchronization-continuation task and a singing task.
The PPVT is a commonly used measurement of
receptive vocabulary ability. It is designed for use among
participants age 2.5 years and up, and generally takes
6–10 minutes to complete. Participants hear a spoken
word and point to the picture (among a group of four)
that best depicts that word. The results of the test are
standardized, to take account of developmental changes.
Average performance at each six-month age interval is
normalized to 100, with a standard deviation of 15. This
normalization is the result of testing with a large, nationally representative (US) sample, accounting for gender,
socio-economic status, ethnicity, and geographic region.
In the 3–6 age range, each six-month cohort was normed
with a sample of 100–125 children; test-retest reliability
in these age ranges was measured at .91–.94, indicating
a highly reliable measurement. An independent test of an
earlier version of the PPVT with a slightly older sample
showed good stability over a longer term (11 months),
with test-retest correlation at .84 and no significant differences between the two administrations (Bracken &
Murray, 1984). This indicates that children’s normalized
scores do not tend to change significantly in retesting
absent interventions.
The CTOPP is a multi-component test designed to
measure different aspects of phonological abilities. Participants engage in tasks including phoneme isolation,
non-word repetition, rapid letter naming, and others; the
full test typically takes about 20–25 minutes to complete.
The participants in our study were guided through the
nine subtests of the CTOPP, which are administered
orally by the experimenter and answered orally by the
child. In the test as administered to children under age 6,
raw scores are combined and standardized to yield four
primary outcomes: Phonological Awareness, Phonological Memory, Rapid Symbolic Naming ability, and Rapid
Non-Symbolic Naming ability, each of which are scaled
to account for developmental changes. As in the PPVT,
average performance at each age interval is normalized to
100, with a standard deviation of 15. This normalization
also comes from a large representative (US) sample,
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accounting for gender, socio-economic status, ethnicity,
and geographic region. In the 3–6 age range, each 1 year
cohort was normed with a sample of 119–136 children;
test-retest reliability for composite scores in these age
ranges was measured at .80–.93, again indicating that
children’s normalized scores do not tend to change significantly in retesting.
To assess more basic perceptual issues in speech perception, we administered a modified version of the
Speech Discrimination in Noise subtest, taken from the
ASA. This test worked similarly to the PPVT, with children hearing a spoken word and choosing the matching
picture from a set of four. Here, the words were chosen
to be commonly known words, but were presented in
noise (multi-talker babble). In addition, the alternate
choices often differed by only one phoneme (e.g., a picture of a fan as an alternate choice for ‘‘van’’). This test
included ten total items. Although designed for children
aged 3.5–7 years old, our pilot tests indicated that this
subtest was too easy for most children. To improve the
test, we amplified the dB level of the multi-talker background babble to create three different ambient noise
levels. Children were initially tested at the loudest ambient noise level. If a child missed more than three of first
five items, they would restart on the middle level, and
again on the softest (original) level if still unable to
successfully complete the task. The total number of correct answers in the final level and the ending level were
recorded as scores; these were not standardized across
age groups. The test typically took between 3–5 minutes
to complete.
In the singing task, the child was asked to sing the
alphabet song. This was chosen because it is widely
known (even among children who do not yet know their
alphabet per se) and has a limited range, but is not
explicitly taught in the Smart Start classes. If children
did not know the alphabet song, they were asked to sing
‘‘Mary Had a Little Lamb’’ or ‘‘Baa Baa Black Sheep’’
(which have nearly identical melodic structures). Children who did not know any of these songs were allowed
to sing any other song they wished (including but not
limited to ‘‘Happy Birthday’’ and the main theme from
‘‘Star Wars’’); these, however were excluded from further analysis. Children were prompted by the experimenter playing the first seven notes of the song on the
piano in the key of C, but were not required to sing in
that key. This task lasted a total of 2–3 minutes.
Finally, in the tapping synchronization-continuation
task, the child heard a metronomic beat, and was asked
to tap on the table along with the beat, and then continue
after the pacing beat finished. The stimulus file played
a metronomic click with no volume variation and an

inter-onset interval (IOI) of 500 ms (120 bps). There
were 16 total clicks, with the final click 7.5 seconds after
the first. They were asked to start tapping with the track
as soon as they could, and keep tapping on the table in
the continuation phase until cued to stop by the experimenter, who would signal this after 16 subsequent taps
(generally, 8 further seconds). Children were given one
practice trial, so that they would not be surprised when
the click track ended. This task also lasted a total of 2–3
minutes.
PROCEDURE

All tests were administered by trained research assistants in a one-on-one basis in a private room. Visual
stimuli were presented either on a laptop computer or
through booklets. Auditory stimuli were presented over
Sony MDR-G45LP or LilGadgets 151120 Connectþ
headphones and two M-Audio Studiophile AV 40 external speakers (tapping synchronization-continuation
task only). Tapping and singing responses were
recorded with a Sennheiser MKE-2 microphone, placed
on a desk near the child. The entire procedure took
about 45–60 minutes, and was administered in one sitting. The same battery of tests was administered in the
same order (PPVT, SIN, CTOPP, singing, tapping) during both pre and post sessions. Prior to or during their
child’s pre-test session, parents also filled out a questionnaire about their family’s musical and language background, and the short version of the Inventory of
Children‘s Individual Differences to assess their child’s
personality based on the big 5 personality traits (Openness, Conscientiousness, Extraversion, Agreeableness,
Neuroticism); this was done to check whether individual differences in personality might mediate links
between cognitive and musical abilities, as suggested
by Corrigall, Schellenberg, and Misura (2013).
DESIGN AND ANALYSIS

Standardized scores were used as primary outcome
measurements for the PPVT and the CTOPP, one from
the PPVT and four (described above) from the CTOPP.
These are each designed to have a mean of 100 and
a standard deviation of 15, across the general population, for each age (calculated to the month for PPVT,
and to six month intervals for the CTOPP). The SIN
score was calculated as the number of correct responses,
plus ten for each lower level avoided (this assumes that
lower levels would be answered correctly; the range of
possible scores is 0–30). This score is not standardized.
The age standardizations of the PPVT and CTOPP
account for the expected changes from normal aging,
and the test-retest reliabilities suggest that a cohort of
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children will tend to retain the same mean standardized
score over the time between our pre and post testing
sessions (though their raw, non-standardized scores will
tend to increase). Thus, no correlation with age is
expected for the PPVT and CTOPP scores, whereas it
may be expected for the SIN score and the musical
measurements, which are not age-standardized in this
way.
The singing task was evaluated for pitch accuracy
only, from children who sang the alphabet song or
a song with the same melody. We used Melodyne (Celemony Software GmbH, Munich Germany) to evaluate
the pitch of each sung note, over the first phrase of the
song (sixteen notes, up to ‘‘p’’). Because of normal
blending between syllables in this song (which is characteristic of both children and adults, as in ‘‘elemeno’’
for ‘‘L-M-N-O’’), we treated repeated pitches as one
note, yielding eight total notes. The seven intervals
formed by this were evaluated and compared to the
ideal melodic intervals, which yields an error measurement for each sung interval. Our primary measurement
of pitch accuracy was the mean absolute value of each
interval error (so that positive and negative errors do
not cancel each other out). As supplementary measures,
we also calculated the total number of mistuned intervals (defined as greater than 50 cents of error; see
Hutchins & Peretz, 2012; Pfordresher & Mantell,
2014) and the total number of contour errors (a sung
interval in the wrong direction; i.e., moving up in pitch
where the melody should be moving down, or vice versa).
Note that these measurements are independent of key; if
the child chose to sing in a different key, these measurements do not consider that an error. In instances where
the pitch of the opening phrase could not be evaluated
(typically because the child sang along with the piano),
the final phrase was used instead, as it has an identical
melodic structure. The same phrase was used in both pre
and post measurements, whenever possible.
To evaluate the tapping task, we applied Audacity’s
(Audacity Team, Version 2.0.4) automatic sound finder
algorithm to locate tapping onsets from the recordings.
These tapping onsets were adjusted by hand when necessary. We used the onsets to calculate the IOI between
each tap. We used the IOIs to calculate the mean IOI
error during the synchronization and during the continuation phases as our primary measurements, and the
standard deviation of the IOI and the mean asynchrony
(during the synchronization phase only) as our supplementary measurements. To account for discrepancies in
the total number of taps in each phase, the time to
entrain to the rhythm, and tempo drift in the continuation phase, we used only the eight IOIs immediately
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before the end of the synchronization phase, and eight
in the continuation phase. The three IOIs immediately
following the end of the metronome were not used, as
pilot testing indicated that some children were disrupted by this change, especially amongst the younger
age groups.
Children who did not complete a task in either pre or
post sessions were only omitted from analyses of that
task, and not others; most children completed all tasks.
Four children did not complete the tapping task, and 15
did not complete the singing task. In addition, 36 children were outside of the standardized age range for the
CTOPP at either pre or post testing sessions; we extrapolated from CTOPP scoring principles to apply standardization to age ranges not covered by the test, and this
showed no major differences in outcomes compared with
the exclusion of these data.
Results

Our primary outcomes were evaluated with paired
samples t-tests, comparing pre vs. post sessions. For
those measurements that were not standardized, a follow-up analysis included age group as an independent
variable. We applied a Bonferroni correction to the
paired samples t-tests to account for the nine independent observations,1 lowering the critical threshold to
.006.
Table 1 shows the results for the nine main variables
of interest. There were significant effects of Session in
PPVT scores, Rapid Symbolic Naming, Rapid NonSymbolic Naming, and mean singing error. All of these
effects showed significantly better performance in the
post session than in the pre session. The test scores of
the children in our sample indicated improvements in
vocabulary ability, improvements in the ability to name
letters, numbers, pictures, and colors, and improvement
in the ability to sing in tune. Importantly, all of these
improvements but singing ability are from agestandardized measurements, indicating that the improvements are relative to age-normed abilities. A follow-up
mixed measures ANOVA on the singing error measurements included Session as a within-subjects variable and
Age Group as a between-subjects variable. This analysis
found a significant main effect of Session, F(1, 71) ¼
11.39, p ¼ .001, Z2p ¼ .14, but no main effect of age
group and no interaction. This result (shown in Figure 1)
indicates that normal development is likely not
1
Measurements such as mean interval error and number of mistuned
intervals, for example, are not independent of each other, but both show
interesting views of the child’s performance.
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TABLE 1. Means (Standard Deviations) and Statistical Analyses for the Nine Main Measurements, Comparing Pre and Post Tests

Task
PPVT
CTOPP
CTOPP
CTOPP
CTOPP
ASA
Singing
Tapping
Tapping

DV

Mean at Pre (SD)

Mean at Post (SD)

t

df

p

Cohen’s d

Vocabulary Score
Phonological Awareness Score
Phonological Memory Score
Rapid Symbolic Naming Score
Rapid Non-Symbolic Naming Score
Speech in Noise Score
Mean Interval Error (cents)
Rate Error- Synchronization (ms)
Rate Error- Continuation (ms)

109.4 (14.4)
112.2 (10.5)
114.7 (14.5)
101.6 (17.4)
93.0 (16.6)
21.9 (6.8)
91.7 (67.8)
35 (39.0)
62 (54.0)

113.0 (13.3)
111.4 (13.2)
116.2 (14.3)
108.1 (12.6)
98.3 (18.5)
21.9 (6.3)
63.6 (48.7)
29 (38.0)
56 (51.0)

3.55
0.73
0.93
3.82
3.05
0.07
3.21
1.01
0.72

89
89
89
79
88
89
74
84
84

.001
.47
.36
< .001
.003
.95
.002
.32
.47

0.38
0.08
0.10
0.44
0.32
0.01
0.38
0.11
0.08

Note: Boldface indicates a significant difference between pre and post.

FIGURE 1. The mean interval error in cents for the singing task at pre
and post tests for children in each age group, with standard error bars.
Higher values indicate less accurate singing.

responsible for the improvement in singing abilities.
Another set of supplementary analyses used mixed measures ANOVAs comparing PPVT and CTOPP scores of
children who spoke a primary language other than
English at home to those who did not, across both sessions. Children whose primary home language was
English scored higher on the PPVT than those whose
primary home language was not English, F(1, 88) ¼
18.58, p < .001, Z2p ¼ .17. However, no other main effects
of home language were found, nor was any interaction
found between home language and Session.
Supplementary measurements of production data
showed largely the same patterns as the main results.
None of the tapping measurements showed significance,
indicating that the lack of improvement in tapping
accuracy was not compensated for by improvements
in variability or asynchrony. In the singing measurements, a significant improvement was found in the
number of mistuned intervals, t(74) ¼ 2.83, p ¼ .006,
Cohen’s d ¼ 0.33, indicating that the decreases in interval error likely led to perceptible improvements in tuning. However, no main effects were found in the number

of contour errors. This is likely due to the overall low
prevalence of contours errors in the first place.
As a metric for reliability, we also examined the correlations between pre and post measurements for each
of our primary measurements. All measurements from
the PPVT, CTOPP and the SIN measurement were
highly reliable, with significant pre-post correlations.
The singing accuracy data proved somewhat reliable,
with a (non-significant) correlation of r(75) ¼ .184 (supplemented by a marginally significant correlation of
r(75) ¼ .194, p < .10, for the number of mistuned intervals measurement). The tapping data proved less reliable,
with a pre-post correlation of r(85) ¼ .011 for the tapping
accuracy with the metronome and r(85) ¼ .17 for tapping accuracy after the metronome.
To examine the relationships between the different
measured variables, we ran a set of correlations between
the nine dependent measures, as well as age and the five
personality measurements. To capture pre and post
together, we used their mean value [(pre þ post) / 2].
While the personality measurements showed strong
intercorrelations, they did not prove to correlate significantly with the other variables (with the sole exception
being a significant correlation between extraversion and
the tapping accuracy after the metronome, r(82) ¼ .25,
p ¼ .025; thus, these were omitted from the table. The
correlation matrix is shown in Table 2.
In this sample, the age of the participant was correlated with performance on the SIN and on both primary
tapping measurements. These correlations, in conjunction with the lack of correlations between pre and post
measurements, indicate that age, rather than experience
or training, was the primary driver of ability on these
two tasks. SIN performance and both tapping measurements were also correlated with each other. Many of the
components of the CTOPP were intercorrelated, and
were correlated with the PPVT as well. This is not surprising, as they each measure different components of
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TABLE 2. Correlation Matrix for the Nine Main Measurements and Age

Rapid
NonRapid
Phonological Phonological Symbolic Symbolic
Naming Naming
Age PPVT Awareness
Memory
Age
PPVT
Phonological
Awareness
Phonological
Memory
Rapid Symbolic
Naming
Rapid NonSymbolic Naming
Speech in
Noise
Singing
Error
Tapping Error
(Synch)
Tapping Error
(Cont)

–

.05
ns
–

.02
ns
.37
p ¼ .001
–

.19
ns
.48
p < .001
.46
p < .001
–

.09
ns
.15
ns
.47
p < .001
.39
p < .001
–

Speech
in
Noise

Singing
Error

Tapping
Error
(Synch)

Tapping
Error
(Cont)

.25
.52
.08
.34
.26
p ¼ .02 p < .001
ns
p ¼ .001 p ¼ .02
.14
.34
.07
.19
.01
ns
p ¼ .001
ns
ns
ns
.17
.10
.24
.13
.02
ns
ns
p ¼ .04
ns
ns
.16
.47
.18
.20
.27
ns
p < .001
ns
ns
p ¼ .01
.59
.24
.41
.20
.19
p < .001 p ¼ .03 p < .001
ns
ns
–
.19
.10
.00
.18
ns
ns
ns
ns
–
.02
.30
.33
ns
p ¼ .005 p ¼ .002
–
.22
.04
ns
ns
–
.42
p < .001
–

Note: The measurements used are an average of pre and post. Boldface indicates a significant correlation.

linguistic abilities. More interestingly, singing ability
was correlated with two components of the CTOPP:
Phonological Awareness and Rapid Symbolic Naming,
which may indicate some overlap between singing and
speech abilities.
A follow-up correlation analysis was run with the
same variables, but partialed out the effects of age. This
pattern of significance remained the same as in the
previous analysis, with the exception that the correlation between tapping error in the synchronization phase
(but not the continuation phase) is no longer significant
when age is partialled out, r(82) ¼ .23, p ¼ .03.
Discussion

Overall, the data show a clear pattern of improvement
in the PPVT, CTOPP, and singing tasks, and no effects
in the SIN or tapping tasks. Comparing pre to post
measurements, we found improvements in measurements of receptive vocabulary, rapid symbolic and
non-symbolic naming abilities, and singing accuracy.
Each of these, with the exception of singing ability, are
normalized measurements taken from age-standardized
tests, making it unlikely that they reflect improvement

solely through normal aging. Furthermore, the lack of
correlation with age in these tasks (with the exception of
the Rapid Non-Symbolic Naming task) underlines the
lack of role that age seems to play here. Rather, this
improvement seems to be associated with the intervening seven months of music classes. Although the test
design does not prove a causal relationship between
music classes and this improvement, it does provide
evidence that is consistent with this hypothesis. It is also
worth noting that the families participating in this study
are generally of higher-than-average socio-economic
status. While this may make the design slightly more
conservative in nature due to the fact that higher socioeconomic status is likely to lead to higher language
abilities, and thus less room for improvement between
sessions, there is also the greater likelihood that these
children may have participated in other extracurricular
activities, which may also promote development of
these abilities.
The singing data provides another clue that there may
be a link between music classes and improvements in
language ability. While it is not an age-standardized test
like the CTOPP or PPVT, the results from the singing
test showed that normal development or aging is not
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primarily responsible for the decrease in singing error;
in fact, for our sample, there was no difference in singing ability associated with age. Unlike the language
tasks, singing is a skill that is explicitly practiced in all
of the Smart Start classes; children both listen to singing
and produce it in group and solo contexts in most classes. Thus it is not entirely surprising that children taking
music classes would have improved in this ability. As the
test song was not explicitly practiced in the music classes, this likely reflects a general improvement in pitch
accuracy in singing, rather than learning of a particular
song. However, in most studies of music and language
in young children, explicit musical ability, and in particular increases of musical ability, are not measured.
Our results showed strong improvements in singing
ability across the board; the 33% reduction in singing
errors puts the children well above the singing abilities
of many adults (Hutchins & Peretz, 2012; Pfordresher &
Brown, 2007). This indicates that the music classes succeeded in their primary goal of improving musical abilities, and may be taken as corroborative evidence that
training, especially at a young age, can improve singing
abilities in the general population.
Furthermore, the overall singing error was correlated
with phonological awareness scores and rapid symbolic
naming ability, indicating a possible source of the transfer
between music and language abilities. The link between
singing and language abilities has been seen in adult
musicians (see, for example, Christiner & Reiterer, 2013,
2015; Ludke, Ferreira, & Overy, 2014); by measuring
musical abilities in children, this study shows evidence
for a developmental link between the two in early childhood. The close overlap between the mechanisms used to
produce singing and speech may facilitate the transfer
between the two abilities. In particular, singing requires
the production of phonetic information with precise timing, and the improvement in vocal-motor control
required to support singing (see Hutchins & Moreno,
2013; Hutchins & Peretz, 2012, for an extended discussion) may carry over to linguistic tasks as well (as well as
vice-versa). The speeded production required by in the
rapid symbolic naming task may be particularly associated with this motor-control aspect of singing. Based on
these data, further studies of the link between these two
specific abilities are warranted, and would help to clarify
the overall relationship between speech and language.
While it is possible that the use of the alphabet song as
the test song could be posited as a reason for the correlation we found, we consider this to be unlikely for three
major reasons. First, although rapid symbolic naming
involves naming written letters, it is equally composed
of naming written numbers, which are not part of the

song. Second, the part of the alphabet song which was
analyzed also included many excerpts from the final
phrase (‘‘Now I know my ABCs . . . ’’), which is not
a recital of letters. Finally, and most importantly, error
in the singing task had nothing to do with letter naming
accuracy, but was based on pitch alone. Lyric errors were
not coded, and it was not even necessary to know the
words to sing the pitches accurately. While most children
did know the song relatively well, many produced letters
out of order or omitted letters, and some even sang
‘‘Twinkle Twinkle Little Star’’ in its place; none of these
were considered to be errors, and no visual cues to the
lyrics were presented during the singing test. Thus, we
conclude that this result is more reflective of a general
transfer between music and phonological skills, rather
than an artifact of the chosen song.
Previous research has shown associations between
music lessons and phonological abilities, and a metaanalysis of 13 studies has demonstrated a significant, if
small, effect of music lessons on phonological awareness
(Gordon, Fehd, & McCandliss, 2015). Our results show
an improvement in some aspects of phonological ability,
but no effect in phonological awareness. Two forces may
be at play here. First, the children participating in this
study already score well above the standardized average
in the CTOPP’s Phonological Awareness and Phonological Memory (but not in Rapid Symbolic or NonSymbolic Naming) scales, even before the music classes,
leaving less room for improvement in these categories;
this is likely because our participant families are often
of a higher socio-economic status than the average.
Second, Gordon, Fehd, and McCandliss’s (2015)
meta-analysis indicated that approximately 40 hours
of music instruction were needed to show an effect on
phonological awareness scores. The children in this
study took a total of 28 hours of lessons. Thus is may
be that even this year of study was not a long enough
time frame to find noticeable effects on this particular
skill. Part of our motivation to continue this as an ongoing longitudinal study is to examine the time course of
this potential skill development in depth. With more
data, we will be able to pull apart several of these effects.
TAPPING

The other surprising non-effect in this study is the lack
of an improvement in the tapping task. Tapping is a fundamental musical activity, and the children in our study
practiced tapping, patting, and other beat-keeping activities as part of each class. In addition, singing, the other
major musical skill we measured, showed a significant
improvement, making it unlikely that the courses were
simply ineffective at teaching music. Tapping, and more
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generally, rhythmic ability, has been closely linked to
many of the language-related improvements shown in
other studies (Huss et al., 2011; Moritz et al., 2013;
Woodruff Carr et al., 2014), and has been shown to be
deficient in dyslexics (Huss et al., 2011; Thomson et al.,
2006; Thomson & Goswami, 2008; Wolff, 2002). Furthermore, the temporal processing required for coordinated tapping seems to be specifically related to rapid
automatized naming tasks such as the CTOPP’s rapid
symbolic and non-symbolic naming tasks (Tallal, Miller,
& Fitch, 1995; Wolf, Bowers, & Biddle, 2000). The lack
of tapping improvement could be related to non-effects
in other areas as well as the lack of a correlation between
tapping measures and our linguistic measures, even
where they might otherwise be expected. Rather, what
we find is a relationship between singing and these
measures, which may be indicative of relatively more
focus on this aspect of musicality in the classes. As discussed earlier, singing also requires precise timing of
motor control, and this may be a better proxy for this
factor in this quite young cohort.
In this case, however, the problem seems to lie with the
task used to measure tapping. In this study, children were
asked to synchronize with a metronome, and continue at
the same pace for several seconds afterwards. The results
from this task proved to be unreliable in the sense that
there was no correlation between pre and post session
measurements in our synchronization measurements;
this trend was evident with several different task metrics,
making it unlikely that the measurement itself was
to blame. The variance from this task may have overwhelmed any possible measurable effects. This variance
may have been caused by children’s relative unfamiliarity
with this type of task, compared to something like singing. Tapping to a metronome may in fact be more difficult than tapping to a song, due to the relative paucity of
rhythmic information. In addition, the correlation
between age and tapping ability, in addition to development of rhythmic abilities, may also indicate a confusion
with the instructions; this was also evidenced by the
number of children who failed to continue tapping in the
continuation phase, after the metronome had stopped.
Finally, there is evidence that children have a preferred
tapping rate. This is measured by the spontaneous tapping rate, without an external pacing stimulus. For children in this age range, the preferred tapping rate tends
to be about 400 ms IOI (Drake, Jones, & Baruch, 2000;
Provasi & Bobin-Bègue, 2003). Our pacing stimulus was
somewhat slower than this, at 500 ms IOI (120 beats per
second), which is closer to the preferred tapping rate of
children with music training (Drake et al., 2000). If
children in this study are strongly influenced by their
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preferred tapping rate, this may overwhelm the effect of
any ability to synchronize.
One way to remedy this problem is to present multiple tempi, both faster and slower than the preferred
tempo. This would allow us to measure not only the
overall tapping error, but also the effect of the pacing
signal. Some children may not be accurate at any tempo,
but will nevertheless be influenced by the pacing signal,
which may be a precursor to more general tapping accuracy. Given that dyslexics and children with SLI, too, can
show interactions between their rhythmic deficits and
the pacing tempo used (Corriveau & Goswami, 2009;
Wolff, Michel, Ovrut, & Drake, 1990), this may also
shed more light on the connection between rhythmic
and phonological abilities in childhood. We plan to
implement this change in future testing sessions.
Another possible problem may come from the relatively sparse musical information present in the metronomic pacing signal—the children have typically trained
beat-keeping behaviors in a more robust musical environment, and may not yet be able to transfer this ability
to the task as presented. A comparison between the children’s abilities in sparse and rich musical contexts may
help to shed light on this possible explanation as well.
Overall, the results from this first year of our longitudinal study are in line with expectations. We show an
improvement in some musical skills and some
language-related skills over the course of a year of musical study, and a correlation between the two abilities. In
the coming years, we will continue to monitor the same
cohort of children as they progress through their classes,
in order to learn more about the time course of musical
and language ability development.
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