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Abstract

Music and language engage similar processing mechanisms, including auditory processing
and higher cognitive functions, recruiting partially overlapping brain structures. It has
been argued that both are related in child development and that linguistic functions
can be positively influenced by music training above 4-years-old. In this randomized
control study, with a test-training-retest methodology, 44 children (3-4 years old) were
assessed with a phonological awareness test, prior and after an intervention period of a
school year with weekly music classes (experimental group, n =23) or visual arts classes
(control group, n=21) in kindergarten. In the preassessment there were no significant
differences between groups. When comparing pre- and postassessment, results showed
significant differences in both groups, but music classes’ students outperformed the control
group, showing larger differences between the beginning and the end of the intervention.
Improvement in both groups is expected due to general developmental reasons. However,
the fact that children receiving music classes show greater improvement indicates that
music lessons have influenced phonological awareness. Our results support the hypothesis
that music training may promote language abilities, specifically phonological awareness,
prior to the ages previously studied.
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In the last years, the relation between music and language development has attracted
great attention in various research fields, and in particular in linguistics. According
to Gerry, Unrau, and Trainor (2012) active music participation seems to influence
child development at as soon as 6 months of age, as participating in classes with
appropriate pedagogical methodologies improves social and communicative devel-
opment between infants and their parents. Later in development, music training
and/or music abilities have been found to predict literacy outcomes (phonological
awareness [word, syllabic] and phonemic awareness, reading precursors, reading,
and reading in dyslexia; Anvari, Trainor, Woodside, & Levy, 2002; Corrigall &
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Trainor, 2011). Phonological awareness in turn has been shown to be a predictor of
subsequent literacy abilities, including reading and writing (Cardoso-Martins, 1991;
Oney & Durgunoglu, 1997). Thus, music training may have a role to play in pro-
moting child development and/or language rehabilitation (Frangois, Chobert,
Besson, & Schon, 2013).

Working phonological skills as early as age 3 might be important, given that the
relation between these abilities and reading disabilities is well established. Dyslexia
and developmental language disorder are usually considered different disorders that
co-occur frequently (Catts, Adlof, Hogan, & Weismer, 2005). Music potential in
developing phonological awareness may also help in the rehabilitation of dyslexia.
Because dyslexia has a large impact on the child’s academic performance and
psychosocial outcome (Bishop & Snowling, 2004; Clegg, Hollis, Mawhood, &
Rutter, 2005), and leads to difficulties at school as well as through adulthood
(Lyon, 1998), it is most relevant exploring the role of music in the enhancement
of language skills in dyslexic individuals as well.

Until now, most of the studies investigated this effect in children above 4 years
old. In the investigation involving a test-training-retest methodology, the training
period consisted most often in an intensive training. Although results from this type
of research indicate significant effects of music in children’s subsequent abilities, the
sort of intensive training involved is difficult to provide to children at these ages in
large scale, for instance, as part of the state schools curricula. The aim of the present
study is to contribute to understanding the relation between music training and
phonological development before the ages already studied, with typical music
classes that were not specifically designed to promote phonological awareness
abilities, with no intensive training, in a kindergarten context.

It is possible that language-particular features also play a part in the way music
interacts with phonological awareness. In the experiment we report here, the
children tested are native speakers of European Portuguese (EP), a language where
the effect of music in phonological awareness promotion was never investigated, to
the best of our knowledge. Some of the most salient phonological properties are
given below.

EP is an intonational language, with word-level stress, massive reduction of
unstressed vowels, and very frequent unstressed vowel deletion, resulting in
enhanced word stress. EP shows many phonological cues to the prosodic word level,
but no clear phonological evidence for the foot level; lexical syllables are rather
simple, typically maximally of the form consonant-consonant-vowel-consonant
(CCVCQ). Postlexically, the status of syllables is less clear, due to schwa deletions that
may originate sequences of six consonants and more; resyllabification applies across
words, within the intonational phrase; and there is sparse pitch accent distribution,
with obligatory pitch accents only in intonational phrase nuclear position
(Collischonn & Wetzels, 2016; Frota, 2000, 2014; Mateus & D’Andrade, 2000).
EP thus presents a rich and specific combination of prosodic properties, and music
training may help children to improve their auditory acuity and better access at least
some of the prosodic information that is relevant in the language. Given its specific
prosodic profile, it is possible that the impact of music training in phonologic aware-
ness and development in EP exhibits some differences relative to other languages.
Variation in the effect of music training across languages is naturally an important
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topic of research, and the present investigation is also expected to contribute to the
knowledge in this area.

Music and language are related in terms of function, type of stimuli, structure
(Lehrdahl & Jackendoff, 1983), and the use of vocal apparatus at the human
production level (Anvari et al., 2002). Their component elements are different,
but they may require the same basic learning processes (Saffran, Johnson, Aslin
& Newport, 1999), enabling the extraction from a sequence of acoustically
variable signals a small number of categories that are meaningful (Degé &
Schwarzer, 2011). Durational and pitch modifications present in language (as
prosodic elements) and in music (in melody and rhythm) are used to mark group
boundaries. In music processing, in order to organize sound sequences into relevant
patterns, listeners use metric, rhythmic, melodic, and harmonic information—there
are larger and smaller pitch and rhythmic units, organized in hierarchical structures
(Krumhansl, 2000; Radocy, LeBlanc, & Boyle, 1990). In language development, in
order to segment the speech signal, the infant uses properties such as stress,
prominence, and rhythm, intonation, and prosodic boundaries, which signal the
significant categories and units organized in hierarchical structures (Bion,
Benavides-Varela, & Nespor, 2011; Frota, Cruz, Matos, & Vigario, 2016).

As said above, studying music influence on phonological awareness development
is of particular interest because of the potential role of the former in promoting
phonological awareness and of the latter in subsequent linguistic-related abilities,
such as reading and writing. Phonological awareness can be defined as the explicit
awareness of the sound structure of words in oral language (Freitas, Alves, & Costa,
2007; Herrera, Lorenzo, Defior, Fernandez-Smith, & Costa-Giomi, 2011; Sim-Sim,
2006; Wagner et al.,, 1997), referring to the understanding, detection, and manipu-
lation of a language sound system (Freitas et al, 2007; Patscheke, Degé, &
Schwarzer, 2016; Sim-Sim, 2006). This sensitivity to the sound structure of language
includes the ability to analyze and manipulate language at the word level (large
phonological units) and at the phoneme level (small phonological units; Patscheke
et al., 2016). Phonemic awareness ability refers to the sensitivity to the sound of
the smallest independently perceivable units of language: the phonemes (Herrera
et al., 2011). Beyond this, there is also the intrasyllabic awareness, which refers to
the ability to manipulate sound sequences larger than the phoneme, but smaller than
the syllable: the syllable onset and rhyme (Afonso, 2015; Sim-Sim, 2006).

Phonological awareness is involved in tasks like isolating individual words from
the speech flow (Patscheke et al., 2016); rhymes evocation (Rios, 2009; Santos,
2012), identifying words that rhyme; blending syllables; counting the syllables
within a word; identifying words that have a common syllable (Lathroum, 2011);
the segmentation of syllables into onset and rhyme (Alves, Castro, & Correia,
2009; Rios, 2009); blending sounds (Lathroum, 2011); sound segmentation, elision,
or matching (Yopp, 1992); correcting speech errors; or discriminating words in
terms of a different sound (Lathroum, 2011). The child must recognize these
linguistic sound categories in spite of variations in pitch, tempo, speaker, and
context (Anvari et al., 2002). During kindergarten, children develop phonological
awareness skills, although some aspects seem to be acquired informally, when com-
paring and discriminating words that sound similar (Lathroum, 2011). According to
Lane and Pullen (2004), rhyming is one of the first skills that is acquired, and
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children are able to identify words that sound similar or different before they are
able to manipulate sounds within words. Metrical rhyme implies detecting the
similarities between two words from the stressed vowel or diphthong to the end
of the word (Afonso, 2015). Identifying words that rhyme has been considered
the easiest operation within phonological awareness tasks, emerging in children
3 to 3;5years old, and gradually developing until children reach 5years of age
(Rios, 2009; Santos, 2012).

Mastering phonological awareness skills is of key importance in writing and
reading acquisition, as transforming print symbolic information into linguistic
mental representations is based on children’s prior language experience, in partic-
ular, their attention to the components of words (Gordon, Fehd & McCandliss,
2015; Wright & Jacobs, 2003), and on their ability to recognize and manipulate
the phonological segments of spoken words (Peynircioglu, Durgunoglu, &
Uney-Kusefoglu, 2002).

Neural mechanisms responsible for phonological awareness can also explain
individual differences in literacy learning (Schlaggar & McCandliss, 2007).
Children’s understanding of how the written symbols map onto the sounds that
compose words is better when the child has fully developed phonological awareness
abilities, and auditory sensitivity to the spoken phonemic units is an advantage in
learning the orthographic-to-phonological mapping system, being considered a
prerequisite to reading (Goswami, 1990) and a predictor of this subsequent ability
(Cardoso-Martins, 1991; Oney & Durgunoglu, 1997).

The relation between music and phonological awareness has been studied in the
last years. Experiencing and acquiring a given spoken language impacts on phono-
logical awareness skills. For example, when comparing phonological differences
between similar words to learn their meanings, the child must be able to compare
sounds across words, developing phonological sensitivity over this learning process.
Peynircioglu et al. (2002) claim that if this happens, some different auditory
experiences may also enhance phonological awareness skills: if music and speech
processing involve similar skills in sound discrimination, temporal sequencing,
attention, and working memory, getting the child exposed not only to speech
but also to music may help developing auditory skills that might contribute to
improve speech perception and enhance phonological awareness (Lathroum,
2011). In both speech and music, children must discriminate and process sounds
that are extracted from perceived acoustic signals varying over time. Auditory
temporal processing, important in both areas, is key, for instance, to children’s
discrimination of similar-sounding consonants, which is essential in phonological
awareness and the learning of reading and writing (Lathroum, 2011).

The fact that music and language share the same auditory domain, the organization
of discrete perceptual elements into structured sequences (Patel, 2003), the need for
segmentation of sound streams in smaller units (Lathroum, 2011), and common proc-
essing mechanisms (McMullen & Saffran, 2004; Patel, 2008) may help to understand
the relation between music and language development (Degé & Schwarzer, 2011).

Music training may increase general auditory sensitivity that transfers to the
ability to perceive phonological structure (Butzlaff, 2000; Degé & Schwarzer,
2011; Patel, 2008, 2011). Recent research has shown that phonological awareness
is related to music aptitude, and also to music training (Degé, Kubicek, &
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Ages References

1

1. 3-6 Gromko (2005)

Phonemic 4:6-5:6  Lamb & Gregory (1993)
awareness 4-7 Peynircioglu, Durgunoglu &
Kusefoglu (2002)
o 2. Bas Anvari et al. (2002)
5. 9. 5 Degé & Schwarzer (2011);
: - . Frangois et al. (2013)
Reading Phonological 56 Lathroum (2011)
(Dyslexia) awareness Moritz (2007)
-~ Music - 3-4 Woodroof Carr et al. (2014)
S influences S 3. fa-s Anvari et al. (2002)
3 4 Degé, Kubicek, & Schawrzer
o — (2015)
- - 6 Degé & Schawrzer (2012)
4:6-5:6 Lamb &Gregory (1993)
2 3. 3-4 Woodruf Carr et al. (2014)
Reading Reading 4 fe-9 Zuk et al, (2013)
precursors 5 7 Overy (2003);
N \ . 10 Forgeard, Schlaug, Norton,
o S | Rosam & lyengar (2008)

Figure 1. Skills already studied about music influence in language development, with reference to the
authors and the ages comprehended in each study.

Schwarzer, 2015). Besides that, a bulk of studies on the influence of musicality/
musical training in language development have shown effects of music on phono-
logical awareness (word, syllabic, and phonemic awareness), reading precursors
(which includes the first skill), reading, and reading in dyslexia, as is depicted in
Figure 1. In some work, the relation between music and linguistic skills is measured
without music training, by measuring individual differences in music aptitude
(Anvari et al., 2002; Degé et al., 2015; Degé & Schwarzer, 2012; Forgeard et al.,
2008; Lamb & Gregory, 1993; Lathroum, 2011; Peynircioglu et al, 2002;
Rubinson, 2009; Woodruff Carr, White-Schwoch, Tierney, Strait, & Kraus, 2014;
Zuk, Andrade, Andrade, Gardiner, & Gaab, 2013); other studies rely on a test-train-
ing-retest methodology, being closer to the demonstration of a causal relation effect
(Degé & Schwarzer, 2011; Frangois et al., 2013; Herrera et al., 2011; Moreno et al.,
2009; Moreno, Friesen, & Bialstok, 2011).

According to Anvari et al. (2002), pitch processing is significantly positively
correlated with phonological (syllabic and phonemic) awareness. Degé and
Schwarzer (2012) showed positive associations between phonological (syllabic
and phonemic) awareness and musical perception and reproduction skills.
Lathroum (2011) also found that music perception has a significant contribution
to phonological awareness, showing that, taken together, music perception, visual
spatial skills, and age predict phonological awareness development. Woodruff
Carr et al. (2014) studied the relation between beat synchronization and prereading
skills in 3-year-olds, investigating the hypothesis that beat synchronization predicts
neural speech encoding and reading readiness in American monolingual pre-
schoolers between 3 and 4 years old. The authors found that preschoolers who
can synchronize are better in prereading skills, indicating a neural network common
to these tasks.

Moritz (2007) found that (a) phonological segmentation subskills, as well as
rhyming ability, were significantly related to rhythm pattern production and
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discrimination abilities and (b) children with intensive music training showed
disproportionate improvement in rhyming skills. In this study, musical rhythm
subskills were assessed at the beginning and at the end of the school year, in a
kindergarten in North America, comparing students from two different schools
with different amounts of music training (Kodaly daily classes versus weekly classes
that were not based on Kodaly’s methodology).

In a meta-analysis that included 13 studies (N =901) where the authors tested
the direct transfer hypothesis, including music training versus control groups,
pre- versus postcomparison measures, and indication that reading was held
constant across groups, meaning that intervention and control groups should have
equivalent amounts of reading instruction (Gordon et al., 2015). Participants in this
meta-analysis were speakers of different languages belonging to distinct rhythmic
classes, including EP. In this study, Gordon et al. (2015) concluded that music
training leads to gains in phonological awareness; in other words, the improvement
of rhyming skills tended to grow stronger with increased hours of music training. In
addition, in only 5 of the included studies, music influence on reading fluency was
studied, and no significant transfer effect was found for these measures. This
controversial finding may be related to the fact that 2 of these studies included
children with reading disabilities.

With a randomized control study, Bolduc (2009) compared children in a
program specifically designed to increase preschoolers’ interest in reading and
writing by using musical activities with a control group with music lessons guided
by the Menistére de I'Education du Quebec music program. The experimental group
developed better phonological awareness skills when compared to the control
group. In this study, Canadian children (French speakers, mean age 5 years,
1 month [5;1 years] old) had daily lessons, during 60 min, for 15 weeks. Degé
and Schwarzer (2011) concluded that children submitted to a phonological skills
and a music program showed significant improvement from pre- to postassessment,
in large phonological units. In this randomized control study the authors divided
the sample (5 to 6 years old) in 3 groups that were submitted to (a) a music program,
(b) a phonological awareness program, and (c) a sports training program, 10 min,
daily basis classes for 20 weeks.

Herrera et al. (2011) showed that (a) a 1st experimental group with phonological
awareness training and a 2nd that associated music and phonological awareness
outperformed the control group (with no training) in the rhyme task; and (b) in
syllabic tapping both experimental groups outperformed the control group. The
authors directed a stratified randomization procedure to understand the effects
of phonological and musical training on Spanish- and Tamazight-speaking children
reading readiness (mean age 4;6years old). Training period was of 8 weeks
(2 hr/week classes), plus a second period of training, 6 months after the first phase,
where the procedure was repeated. Herrera et al. (2011) and Patscheke et al. (2016)
found the same general results, although not designing a music program specifically
for promoting phonological awareness skills. In these studies, a significant increase
was found in phonological awareness of large phonological units (a) in a music
trained group and (b) in a phonological skills trained group, when compared with
a control group with sports training. The authors examined these effects in 4- to
6-year-old children of immigrant Kurdish, Russian, Asian, and American families
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who were in Germany at least for 5 years and who reported a poor German language
level. The training was implemented three times a week, in 20-min sessions, during
14 weeks.

Moreno et al. (2011) found no significant differences between the experimental
group with music classes and the control group with visual arts classes, in rhyming
assessment. The authors studied the effect of music training in promoting pre-
literacy skills in 4- to 6-year-old children, in Canadian English speakers, randomly
assigned to music classes (experimental group) or visual arts classes (control group).
Children had a training period of twice a day classes, during 45 min, for a total of 40
classes. Pre- and postassessment consisted of a phonological awareness test (thyme
comprehension and production) and a visual auditory learning test. No significant
differences between groups were found in the rhyming assessment.

Studies that relate music aptitude and language abilities may indicate a relation-
ship between music and language, but they do not prove a causal relation effect. This
means that potential effects of self-selection, environmental, or genetic character-
istics can influence linguistics skills in people with higher music abilities (musicians
or not; Gordon et al., 2015). In the randomization procedure, by contrast, children
are randomly distributed to form the experimental and control groups, which is not
guided by prior aptitude or motivation. For this reason, data from longitudinal
randomized control studies, like the present one, with test-training-retest methods,
may provide new insights into what has already been established concerning the
relation between music and language on the basis of music aptitude.

In our study, we randomized the sample into an experimental group with music
classes and a control group with visual arts classes, and assessed the children before
and after the training period (music vs. alternative training). Our aim is to study
music influence in phonological awareness at ages prior to those already investi-
gated, specifically, in 3-year-olds. We also want to know if this influence emerges
with regular music classes, in kindergartens regular days (once a week, for 45 min),
during a preschool year, having no specific design to promoting phonological
awareness skills.

Methodology
Participants

Subject selection criteria included the following: monolingual children whose native
language was EP; children aged between 3;0 and 3;11 years old; and participation in
70% of the classes (criteria used in Patscheke et al., 2016). Children with language
disorder were not included in this study. Likewise, children with a history of referral
to or enrollment in speech-language therapy were excluded, as well as children
diagnosed with cognitive or other associated conditions. In order to control for
these exclusion criteria, a questionnaire characterizing the child (first language,
enrollment in speech and language therapy, and presence of sensorial, motor, or
mental disorder) was completed by kindergarten teachers.

The collection of data was done in two successive school years. From the initial
group of 53 children, 9 were excluded. One child was transferred to a different kin-
dergarten, 2 children were not Portuguese native speakers, 1 child did not attend
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70% of the classes, and 5 children were removed from the analysis because their
score in the phonological awareness test was beyond 2 SD from the mean, being
treated as outliers. Those 5 children were assessed with all the subtests applied
of the Conf-IRA test (Castro, Alves, Correia & Soares, 2018), being excluded after
the assessment period. The children in the same kindergarten that were excluded
from the study still attended the classes, but their data was not analyzed in the post-
assessment. The dropout rate was 16.98% (9 out of 53 children). The final sample
included 44 children (25 female) with a mean age of 3;6 years old. All participants
were from two different kindergartens in the same city: Aveiro. The experimental
group had weekly music classes, 45 min/class (n =23, 15 female, mean age = 3;5
years old), and the control group (n =21, 10 female, mean age = 3;6 years old)
had weekly visual arts classes, 45 min/class. Children assignment to each class
was done randomly, at the beginning of the school year, after the recruitment stage.
The children were randomized in Random.org (1st years’ timestamp: 2015-10-15
15:31:12 UTC; 2nd years’ timestamp: 2016-10-31 16:18:26 UTC). They came from
the same demographical region and shared the same socioeconomic background.

Procedures

Data collection was authorized by the Direcdo-Geral da Educagio (DGE) from
Portuguese Ministry of Education and Science (Reference 0504200001, July 28,
2015). Parental informed consent was obtained for each child, and the data was
analyzed anonymously. Children were assessed with the phonological awareness test
Conf-IRA (Castro et al., 2018) at the beginning and at the end of the school year,
before and after the training period. This training period comprises 30 lessons of
45 min each, each occurring once a week. All children were assessed in individual
sessions (in a 30- to 40-min session) at school, in a quiet room, with consent from
the parents, the school board, and the teachers. The software SPSS Version 25 and
Microsoft Excel 2013 were used for statistical analysis.

Dependent measures

Pre- and postassessment included phonological awareness skills, assessed with
Conf-IRA-Phonological Awareness Screening and Assessment Instrument
(Castro et al., 2018). This phonological awareness test comprises 18 tasks evaluating
lexical, syllabic, intrasyllabic, and phonemic awareness in words and pseudowords
with all syllabic structures existing in EP. Being the most complete test that we know
of for EP children at this ages, this was the chosen test to assess our sample. It is
being validated and standardized to Portuguese children between 3 and 9 years old.
In the present study, taking into account children ages and our specific research
goals, 11 tasks were applied, but only 5 are analyzed: syllabification of words
(the child sees a picture and listens to a word that (s)he has to segment in syllables,
using his/her fingers to divide and count: e.g., the word galo “roaster” must be
segmented into “ga” and “lo”); syllabification of pseudowords (the child listens
to a pseudoword and has to segment it into syllables using his/her fingers to divide
and count: e.g., the pseudoword lofa must be segmented into “lo/fa”); combining
syllables into words (the child listens to three syllables separated by a 1-s interval,
and at the end (s)he has to put them together, forming an existing word, as in
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ba _li _ za = baliza “goal”); combining syllables into pseudowords (the child listens
to syllables presented with a 1-s interval, and at the end (s)he has to put them
together, creating a nonexisting but possible word: ti _ fa _ ro = “tfaro”); and
rhyme identification (in multiple-choice items with pictures, the child has to choose
among three pictures the one that corresponds to the word that rhymes with the
name referring to a picture previously presented-in this task metrical rhyme coin-
cides with syllabic rhyme: e.g., pictures of a cat, a spoon, and a dog are presented,
referred to in Portuguese by the words gato, colher, or cdo, respectively; the child has
to select the last one when a picture previously presented corresponds to coragdo
“heart”). Six subtests were removed from our study because they had floor effects
for both groups tested, probably being too difficult for all the children in our age
group: lexical awareness (segmentation of phrases into words); final syllable omis-
sion (the child looks at a picture and listens to a word that turns into a different
word when the last syllable is omitted); initial syllable omission (the child sees a
picture and listens to a word that turns into a different word when the first syllable
is omitted); syllable inversion (the child looks to a picture, listens to a two-syllable
word, and changes the order of the syllables to find a different word); first phoneme
identification (the child has to identify which of three words does not begin with the
same sound as the other two); and last phoneme identification (the child has to
identify which of three words does not end with the same sound as the other two).

Design

Recruitment and data collection happened in two successive school years. After
preassessment, children had training classes for a school year. Music and visual arts
groups were balanced in number of students. The programs were implemented by
trained teachers: each class had two teachers, and the same two teachers were train-
ing children in music and visual arts classes. In the first year, both teachers were
blind to our research goals. For personal reasons, both professionals had to stop
collaborating with this research at the end of the first school year. In the second
year, following the first year’s methodology, two different trained teachers gave
the classes. One of them was blind to our research goals, the second was the first
author of this manuscript. Similar to the first year, in the second year the same
teachers were engaged in both music and visual arts classes. The four instructors
had substantial experience in working with young children. Children in each class
(experimental and control groups) were recruited from eight different classes in two
kindergartens, and both participating kindergartens had a music and a visual arts
group. This procedure aimed to control for the work done by different teachers and
to rule out possible kindergarten effects. The children did not receive other music or
visual arts lessons during this period. The training programs were matched in
duration, themes (e.g., autumn, winter, animals, and Disney) and materials (all
materials were used for both classes: autumn leaves, balloons, journal, and rolls
of toilet paper, among others).

In the present study, a number of procedures were introduced to control for
external variables: (a) kindergarten teachers and parents were blind to the aim of
the study in the interest of controlling parental and teachers expectations and
possible related changes in their action that might influence children’s results;
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Table 1. Means, standard deviations, and frequencies for the control variables of
age and gender

Music group Visual arts group
Control variable M (SD) M (SD)
Age in months 41.26 (3.53) 42.05 (3.85)
Gender 8m/15f 11m/10f

(b) only one of the four teachers giving the music and visual arts classes was aware of
the research goals, whereas the remaining three were blind to the aim of the study;
(¢) children had no other forms of music and visual arts classes during the experi-
mental period, making it safe to draw conclusions about the training and its effects
on phonological awareness development; and (d) for the evaluation process, and in
order to ensure interjudge reliability, 12.24% of the sample was revised by an exter-
nal therapist, blind to the purpose of the study. This speech and language therapist
also listened to the audiotape of Conf-IRA assessment from six randomly selected
children, making the quotation of the tests. Interjudge reliability was analyzed
through the percentage of accordance for the total score of Conf-IRA, between
two speech therapists and the result was 97.99%.

Control variables

Differences in gender and age between the music group and the visual art group
were compared, as well as the number of children per classroom in each activity
class (see Table 1). Male/female ratio was balanced in the visual arts group
(47.62% females and 52.38% males) and also very similar in the music group
(65.22% females and 34.78% males). The difference in gender distribution in the
music group was originated by the randomization process. There were no significant
differences between the groups in terms of age (p > .05). See Table 1 for means and
standard deviations.

Music lessons

In the music lessons children were trained for 45 min, once a week, in a quiet room
that offered good conditions for the different tasks. A typical session comprised a
short welcome (a good morning song or a short talk), a variety of exercises, and a
farewell song. The musical work contained activities of listening to and exploring
songs from varying genres and styles; joint singing without the lyrics (most of the
time); joint drumming; melodic and rhythmic exercises based on musical learning
theory (Gordon, 2000); playful familiarization with intervals in occidental music
and music using Greek musical modes; improvisation, pitch, intensity, timbre,
and rhythmic discrimination exercises; pitch, intensity, timbre and rhythmic pro-
duction exercises; and moving/dancing along with classical music. Lessons included
live instruments or their own voice, familiarization with different instruments, and
instrument discrimination exercises, playing with their own body and objects of
their day life (e.g., autumn leaves, toys, journals, balloons, and rolls of toilet paper).
According to Rodrigues, Rodrigues, Pereira, Rodrigues, and Lopes (2016), using
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chants (melodies without the words) and songs (melodies with the words) is impor-
tant, but using chants with syllables like pa-pa-pa or lai-lai-lai is crucial, because it
makes it easier for the child and the adult to pay attention to the musical aspects,
and not to the semantic domain of the vocalizations. Solfege was not part of the
music program for these classes.

Visual arts lessons

In the visual arts lessons, children were also trained for 45 min, once a week, in a
quiet room with appropriate conditions for the different tasks. Here, visual arts
classes comprehended a great variety of arts, including painting (famous artists
and everyday life painting), cinema, architecture, and sculpture. A typical session
comprised a short welcome (a good morning movement or statue, or a short talk),
a variety of exercises, and a farewell moment. Exercises included the visualization of
a small presentation projected on the classroom wall about the life and work of an
artist; talks about famous artists, their lives and work, and the colors, shapes, and
materials they used; painting and modeling using different materials (e.g., pencils,
pens, brushes, hands, gouaches, or pastel pencils; journal with glue, plasticine, or
clay); and drawing or constructing with usual and unusual materials (e.g., pencils,
glitter, salt, autumn leaves, journals, balloons, or rolls of toilet paper).

Analysis

A mixed effects analysis of variance was run to look for the influence of training
activity and time, or the interaction between them, in our sample. Levene’s test
was used to look for the homogeneity of variances. Sample normality distribution
was inspected in order to determine whether parametric tests (¢ test for independent
samples) or nonparametric tests (Mann-Whitney test) had to be run when looking
for differences between the experimental and the control group in the moments
before and after the training period. Taking into account that music training was
expected to positively affect phonological awareness development, one-tailed signif-
icant values are reported. This analysis refers to Conf-IRA total score, as well to the
individual tasks applied: in each task, 1 point is given to the correct answers; total
score is the sum of the 5 individual tasks applied. In both cases, data always concern
the averages over all participants. For understanding the development inside each
group between the pre- and the postassessment, ¢ tests for dependent samples
(parametric) or Wilcoxon tests (nonparametric) were applied.

Results

Phonological awareness results

Phonological awareness total score

The Conf-IRA results obtained at preassessment in music trained children had a
mean score of 5.35 (SD=4.30) and at postassessment a mean score of 13.43
(SD =5.03). For the visual arts trained children, the Conf-IRA results obtained
at preassessment had a mean score of 7.0 (SD = 3.52) and at the postassessment
a mean score of 9.71 (SD = 4.01; see Figure 2).
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Figure 2. Phonological awareness total scores pre- and postassessment in the music and visual arts
groups.

From the analysis of the results of Conf-IRA total score (dependent variable), it
is possible to see that the activity by itself (independent variable) had no impact
on phonological awareness skills, showing a small effect on the test results,
F (1, 42) =121, p> .05, r=.17. However, if we consider the interaction between
time and training activity, there were significant differences between groups,
F (1, 42) =9.28, p < .01, r = 42, showing that the type of training activity influ-
enced the development of phonological awareness, with a medium size effect.
The homogeneity of variances was tested, showing nonsignificant results in the
Levene’s test (p > .05). A mixed-effects analysis of variance was conducted to look
for possible effects of time and training activity, and the interaction between them.

The results of phonological awareness pre- and postassessment of music and
visual arts groups are displayed in Figure 2. As can be seen, the results in the
preassessment tests were not significantly different between the groups
(U=298.00, p>.05). In the postassessment, by contrast, there were significant
differences between them, t (42) =2.70, p < .01, with the music group students
showing significantly greater improvement in phonological awareness tasks,
considering the total scores.

To analyze the data, normality in both groups was tested with the Shapiro-Wilk
test, in order to decide between parametric or nonparametric statistical analysis.
Given that the music group in the preassessment does not show a normal distribu-
tion (p <.05), a nonparametric test (Mann-Whitney) was run for the statistical
analysis. In the postassessment both groups showed a normal distribution, given
that p> .05 at both times, and thus a parametric analysis was run with an
independent-samples ¢ test.

Results reveal that the significant interaction that was found between time and
training activity happens because music students develop significantly more than
visual art students (p <.05) in the assessment done after the training period. As
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Figure 3. Phonological awareness subtests results at preassessment in the music and visual arts groups.

shown in Figure 2, visual arts students began with a higher result (although the
difference was not statistically significant) and also developed their phonological
awareness skills, but music students outperformed the children trained in
visual arts.

Children trained in music revealed significant differences (Z = 227.00, p < .001)
between the results before and after the training period, showing great improvement
in phonological awareness skills from the preassessment to the postassessment. Pre-
and postassessment results were compared in the experimental group, who had
music classes. Normality Shapiro-Wilk tests revealed no normal distribution in
pre- and postassessment (p < .05), so a nonparametric analysis was run to seek
for differences between the two times: the Wilcoxon test.

In the analysis of the results from the children trained in visual arts, a significant
difference was also found, ¢ (20) = —2.57, p < .05. Children in this group showed an
improvement in phonological awareness from the beginning to the end of the school
year (see Figure 2). Normality Shapiro-Wilk tests revealed a normal distribution in
pre- and postassessment (p > .05), so a dependent-samples ¢ test was used in order
to understand the development between pre- and postassessment in the con-
trol group.

Pre- and postassessment comparison: Phonological awareness individual tasks

Five of the 18 tasks of Conf-IRA were analyzed. When comparing partial scores in
the preassessment, there were no significant differences between groups in any task
(see Figure 3).

By contrast, significant differences were found between groups in the postas-
sessment, with the group receiving music training showing a significant
improvement in the subsequent phonological awareness tasks (see Figure 4):
syllabification of words (U=169.00, p <.05) and pseudowords (U= 130.00,
p < .01); combining syllables into words (U = 154.00, p < .05) and pseudowords
(U=162.00, p < .05). Rhyme identification (task 5) revealed an inversion in the
direction of the results expected, as visual arts students showed better results in
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Figure 4. Phonological awareness subtests results at postassessment in the music and visual arts groups.

these tasks, but the difference between the two groups was not significant
(U=278.00, p > .05). Shapiro-Wilk normality tests (p < .05) led us to analyze
the data with nonparametric statistical analyses, with a Mann-Whitney test for
independent samples.

Discussion

The aim of this study was to investigate the effect of a school year of weekly music
classes in phonological awareness skills of 3-year-old children, prior to the ages
studied so far in EP, or in other languages (see online-only Supplemental
Material Table S.2). A systematic phonological awareness assessment was made
considering a variety of tasks that is not frequently seen in other studies. The results
indicate that the music classes, with the intensity delivered (one lesson of 45 min per
week, during 30 weeks), led to a greater development of phonological awareness
skills, when compared with the visual arts training (subject to intensity of lessons).
In this study there were no intensive classes, with the purpose of seeking for music
and language relations in typical classes, following a methodology that is achievable
in everyday kindergarten routines. We also did not work phonological awareness
explicitly, even removing the words, lyrics, and rhymes of the songs used in classes.

Phonological awareness total score

Looking at pre- and postassessment results, we can see that both groups significantly
developed phonological awareness skills (music group p < .001; visual arts group
p < .05). However, music students outperformed visual arts students in the
postassessment, and there was a significant difference between both groups in
the posttraining assessment. These results are in line with Anvari et al. (2002),
who concluded that 4- and 5-year-olds’ music perception ability is related to
phonological awareness skills (including phonological and phonemic levels), as well
as with Lathroum (2011), who showed that music perception predicts phonological
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awareness development in 5- and 6-year-old children. Woodruff Carr et al. (2014)
also found that beat-synchronization is correlated with prereading skills in 3- and
4-year-olds (which includes, among others, phonological awareness skills), and
Degé et al. (2015) found associations between music production and phonological
awareness skills in 4-year-olds. Degé and Schwarzer (2012) found in addition
significant positive associations between the total score of phonological awareness
test and the overall scores of music perception and production.

With a test-training-retest methodology, using a control group with a nonre-
lated training, we can assume that music was the reason for the larger development
of phonological awareness skills found. This indicates that there is a possible causal
relation between music and phonological awareness development. These results
corroborate Patscheke et al. (2016), who found significant differences between chil-
dren with music and phonological awareness training (1st and 2nd experimental
groups), and the control group that was exposed to sports training, with music
trained children showing a larger effect size in the phonological awareness results.
In their meta-analysis study, Gordon et al. (2015) also concluded that music training
has a positive effect on phonological awareness development above the age of 4.
Bolduc (2009) found significant differences between the experimental group and
the control group in phonological awareness skills as well, but here the experimental
group followed a specific program that joined music and phonological awareness
stimuli, whereas the control group followed a music program only. Although we
did not design a specific program to develop phonological awareness skills among
with music, we found significant differences in phonological awareness develop-
ment. The findings of our study suggest that regular music classes positively
influence language development (specifically phonological awareness), even when
using a methodology that is not focused specifically in linguistic work.

Phonological awareness partial scores

Our partial results on the phonological awareness tasks indicate significant
differences at the level of phonological units larger than the segment: syllabification
of words (p < .05), syllabification of pseudowords (p < .01), combining syllables
into words (p <.05), and combining syllables into pseudowords (p < .05). These
analyses are purely exploratory, and p values should be interpreted carefully.

Music trained children when compared to visual arts students had significantly
higher scores in syllabification of words and pseudowords. This is in line with the
data in Moritz (2007), who compared syllable segmentation (among other phono-
logical awareness skills) and rhythmic skills in kindergartners, and in Herrera et al.
(2011), who studied the influence of a phonological awareness program and a music
program in syllabic tapping (mean age = 4;6), and who concluded that children
with musical training in both experimental groups outperformed the control group,
with no musical training. However, in these studies it was impossible to exclude the
effect of extra-attention in the experimental groups. In the present study, by
contrast, the only factor that seems to have played a role in the large significant
difference in word and pseudoword segmentation tasks was the fact that children
were exposed to training lessons specifically in music.
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Significant differences in combining syllables into words and pseudowords were
also found in our study. This reveals that music students developed better abilities to
analyze and manipulate language at the syllable level. According to Lathroum
(2011), blending seems to have a strong rhythmic component, and this may be
one of the reasons for the influence found.

No significant results were obtained in rhyme identification in the experimental
group. This may seem surprising because it goes against what was found by Herrera
et al. (2011), for 4- to 6-year-old children. In contrast, in the meta-analysis study
developed by Gordon et al. (2015), it was shown that rhyme skills results tended to
grow stronger with increased hours of training, an observation also reported in
Moritz (2007). This leads us to hypothesize that with an intensive training or longer
period of intervention, it could be possible to have differences between both groups.
Other methodological differences may also explain the discrepancies between our
results and those in the literature cited. An indication that this may be the case
is the fact that our results are similar to those reported in another study that
followed a method largely similar to ours, namely, Moreno et al. (2011). In this
study, no significant differences on rhyming assessment were found either, and,
although employing an intensive training methodology, using a computerized
program and using musical staff like note to sound mapping, different from what
we did in our study, the music training program was similar to the one we used,
including training of rhythm, melody, pitch, and voice. The authors do not report,
however, if they use the lyrics of the songs, which in our case did not in general
happened. This fact can also influence our results, and may indicate that together
with the structural rhythmic, melodic, and harmonic music constituents, the
semantic part of the songs has an important effect on rhyming ability.

Conclusion

The results of this study support the hypothesis that music has an effect on the
development of phonological (syllabic) awareness in toddlerhood, as early as 3 years
of age.

Our results show significant differences in the development of large phonological
units awareness in music students when compared to visual arts students: music
trained children had greater development in word segmentation into syllables, pseu-
dowords segmentation into syllables, syllabic synthesis of words, and syllabic syn-
thesis of pseudowords.

In the total score of the Conf-IRA test, it is possible to see that all students devel-
oped between the pre- and the postassessment, but music students showed signifi-
cantly greater improvement than the control group, subject to visual arts lessons.

The present study has some methodological limitations that should be acknowl-
edged. First, children’s motivation was not measured. This could be important to ensure
that there was no difference between the experimental and control groups in this respect
(Degé & Schwarzer, 2011; Patscheke et al., 2016); however, no dropout happened
because of demotivation, suggesting that all children in both groups were equally
motivated. Second, the first author was one of the teachers conducting the training
in the second year, being aware of the aim of the study and the training type received
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(Moreno et al,, 2011). Under these conditions, teaching can be unconsciously biased,
even when, as in this case, the ethical principles of objectivity, rigor, and honesty were
respected as much as possible (Bolduc, 2009). The elimination of outliers and the exclu-
sion of some subtests might be also considered a limitation.

Some of the studies reviewed in this paper are music-based interventions
specifically designed to promote specific reading skills, and some have an intensive
periodicity that would be difficult to implement in our schools and daily lives. In the
present study, the effect of music on phonological awareness development was
proved to happen after regular music classes, with lessons that are likely to be
applied by common music teachers in a kindergarten context. This observation
has potential implications for the state policies regarding kindergarten education
curricula, as this may be an effective and simple way to promote better academic
achievements.

This study showed that music promotes phonological awareness at a very early
stage in the development of several phonological awareness skills. As it is known
that these skills are relevant for the learning of writing and reading (Anthony &
Francis, 2005; Gordon et al., 2015; Wright & Jacobs, 2003), our results suggest that
generalized music lessons in kindergarten might positively contribute to the
learning of writing and reading in the first school years.
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