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a  b  s  t  r  a  c  t

Studies  suggest  that musical  training  enhances  spatial-temporal  reasoning  and  leads  to
greater learning  of  mathematical  concepts.  The  aim of  this  prospective  study  was to  verify
the efficacy  of a Non-Instrumental  Musical  Training  (NIMT)  on the  Numerical  Cognition
systems  in  children  with  low  achievement  in  math.  For  this  purpose,  we  examined,  with
a cluster  analysis,  whether  children  with  low  scores  on Numerical  Cognition  would  be
grouped  in  the  same  cluster  at pre and  post-NIMT.  Participants  were  primary  school  chil-
dren  divided  into  two  groups  according  to  their  scores  on  an Arithmetic  test.  Results  with  a
specialized  battery  of Numerical  Cognition  revealed  improvements  for Cluster  2  (children
with low  achievement  in  math)  especially  for number  production  capacity  compared  to
normative  data.  Besides,  the number  of children  with  low  scores  in  Numerical  Cognition
decreased  at  post-NIMT.  These  findings  suggest  that  NIMT  enhances  Numerical  Cognition
and seems  to  be  a useful  tool  for rehabilitation  of  children  with  low  achievement  in  math.

© 2016  Elsevier  Ltd.  All rights  reserved.

What this paper adds?

This study focused on a very important topic that has theoretical and practical implications for Mathematical Learning
disabilities (i.e. whether there might be an effect of musical training on numerical cognition). Specifically, the authors aimed
to show beneficial effects of a (non-instrumental) musical training on children’s performance on numerical tasks. And results
showed that children who exhibited deficits in numerical tasks at pre-test showed fewer deficits at post-test, precisely for
Number Production following Musical training.

1. Introduction

Numerical Cognition, such as number-processing and calculation, is indispensable for daily life. According to McCloskey,
Caramazza, and Basili (1985) number-processing can be divided into two components: number comprehension, which

involves the understanding of numeric symbols, and number production that includes reading, writing, and counting num-
bers. By contrast, calculus is a system necessary to perform mathematical operations using symbols or words (addition,
subtraction, multiplication, and division).
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In terms of neurodevelopment, the five systems of Numerical Cognition gradually increase in a dynamic way: (i) the
ardinal system, which is an innate system for concrete numerical representation and subitizing;  (ii) the linguistic system,
hich associates a verbal code for numbers of objects or events; (iii) the Arabic system, which establishes a relationship

etween numbers and digits in Arabic form and supports the development of numeric symbolization; (iv) the visuospatial
ystem, which aids the development of the mental number line along with formal education and the passage of time,
nd finally; (v) the ordinal system, which upon acquisition becomes the central system of numeric representation and
athematical thinking (Von Aster & Shalev, 2007). On the other hand, the presence of numeracy deficits classified as Low
chievement in Math (LA) or Developmental Dyscalculia (DD) on the childhood may  have deleterious impact on schooling
nd future professional careers.

DD is a disorder of arithmetical skills (F81.2) (ICD-10 – WHO, 2004) characterized by difficulties in performing basic oper-
tions such as addition, subtraction, multiplication and division. DD is not attributable to educational failures, intellectual
isability or sensory problems (WHO, 2004). Primary DD can be understood as a heterogenic Numerical Cognition disor-
er whose effects can be observed at the behavioral, cognitive, and neuronal levels, whereas Secondary DD also generates
umeric and arithmetic dysfunctions, which are related to non-numeric cognitive deficits or to comorbidity with disorders
uch as ADHD, dyslexia, and anxiety (Kaufmann et al., 2013). Moreover, it is important to observe substantial variations on
riteria for DD before this categorization (Butterworth, 2010; Murphy, Mazzocco, Hanich, & Early, 2007; Landerl, Bevan, &
utterworth, 2004; Wilson & Dehaene, 2007).

Despite the fact that DD occurs in approximately 5% to 6.5% of school-age children (Gross-Tsur, Manor, & Shalev, 1996;
aufmann & von Aster, 2012), there are few studies focused on its diagnosis and rehabilitation in Brazil (see Kranz and
ealy, 2013; for review), where it seems to have a slightly higher prevalence (Bastos, Cecato, Martins, Grecca, & Pierini,
016). European studies have investigated the effects of interventions on the persistence of DD in children of primary school
Kucian et al., 2011; Praet & Desoete, 2014; Re, Pedron, Tressoldi, & Lucangeli, 2014; for review see Cohen Kadosh, Dowker,
eine, Kaufmann, & Kucian, 2013). These studies showed that children with DD may  improve some Numerical Cognition
bilities through adapted training (Praet & Desoete, 2014; Re et al., 2014).

As for assessing the effects of rehabilitation in children with numeracy disorders, the study design usually compares a
linical group and a non-clinical group performing the procedure. For instance, Ashkenazi and Henik (2012) assessed nine
hildren diagnosed with developmental dyscalculia and other nine age- and sex-matched controls with no disabilities. All
f them participated in an attentional training which enhanced the performance in addition problems in both the DD  and
ontrol groups. Kucian et al. (2011) developed a 5-week computer-based math training for children with DD aged 8–10
ears and showed that the training improved spatial representation of the mental number line. Although these findings
re promising, the effects of a virtual environment on the development of numeracy skills in children with DD depends on
ffective teaching strategies and the monitoring of teachers to use it as an individual approach (Moeller, Fischer, Nuerk, &
ress, 2015).

There is evidence to suggest that music can increase higher brain functions required for mathematics, chess, science,
nd engineering (Davis, 2000). Schellenberg (2006) demonstrated associations between music lessons and academic perfor-
ance such as mathematics, reading, and spelling in children aged 6–11 years. Moreover, Thornton (2013) compared test

cores of 6.966 students in reading and math skills, and found significantly higher scores for students involved in musical
lasses (e.g. school band, choir, and orchestra) contrasting with students not engaged in music classes.

Willis (2016) found a significant connection between music education and student achievement in math, for those stu-
ents who were provided music education at school. In fact, processing music and solving algebra problems trigger similar
rain pathways in the prefrontal cortex and the parietal lobe (Schmithorst & Holland, 2004). Moreover, music training could
ontribute to improve activations in encephalic areas such as planum temporale and the left dorso-lateral prefrontal cortex,
reas which are considered important during mental arithmetics (Desmet et al., 2012).

Substantial evidence suggests that when children are enrolled in musical training, they exercise cortical neurons involved
n music but they also refine circuits implicated in Numerical Cognition and spatial reasoning, which, consequently, develops
he capacity to handle complex reasoning tasks (Wenger & Wenger, 1990; Cheek & Smith, 1998; Grandin, Shaw, & Peterson,
998). Importantly, spatial reasoning is subsidized in transforming and relating mental images in space and time, symmetries
f the inherent cortical firing patterns used to compare physical and mental images, and natural temporal sequences of
hose inherent cortical patterns (Gentner, 2001). Correlational studies indicated that spatial ability is related to math ability
hroughout development since early elementary grades (Cheng & Mix, 2014). Research also attested that quantities are
epresented in spatial formats (i.e., the mental number line and object files) beginning in early childhood and persisting into
dulthood (Landerl, 2013).

The Miendlarzweska and Trost’s (2013) review suggests that the improvement in math scores after music training could
e due to near and far transfer effect skills. Indeed, it produces an increase in children’s listening skills (as auditory discrimi-
ation) and verbal short-term memory (Forgeard, Winner, Norton, & Schlaug, 2008; Moreno et al., 2011), executive functions
Hannon & Trainor, 2007; Zuk, Benjamin, Kenyon, & Gaab, 2014), and WM (Ribeiro & Santos, 2012). Besides, musical training
ould be used as a tool to produce fast and permanent changes in cognitive abilities and has demonstrated an enhancement

n visuospatial ability (Costa-Giomi, 1999; Rauscher et al., 1997; Ribeiro & Santos, 2012; Ruscher & Zupan, 2000; Rauscher

 Shaw, 1998; Yang, Lu, Gong, & Yao, 2016).
Nutley, Darki, and Klingberg (2013) found music training to be related to greater performance on tests of reasoning,

rocessing speed, WM,  and numeracy ability, and there was a significant positive association between musical training and
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math performance at pre- and post-tests. There is a significant correspondence between musical training during childhood
(4–6 years) and the later development of skills that involve the spatial visualization of information, such as geometry and
mathematics resolution (Bilharz, Bruhn, & Olson, 2000).

Considering the amount of practicing necessary, it seems that musical training boosts cognitive functions hastily. For
instance, after four months of music training children performed better temporal-spatial tasks, i.e., activities that require
both the use of spatial images and the temporal ordering of objects (Rauscher & Zupan 2000). In another study Esteki (2013)
assessed cognitive abilities before and after 16 sessions of music training in 13 girls (7–9 years). Although details concerning
the musical training method and math skills measured were not provided, the results showed increased scores in verbal,
non-verbal, and general IQ, attention rate and numerical scores. Moreover, brain mapping showed that musical training
improved verbal memory, which was associated with cortical reorganization in the left temporal region.

Regarding the technique, most studies used instrumental training (Costa-Giomi, 1999; Graziano, Peterson, & Shaw, 1999;
Rauscher & Zupan, 2000), which involves repetition, feedback, and often gradual adjustment of difficulty (Klingberg, 2010),
which will recruit, at the beginning of training, sensorimotor and auditory systems for automatization of responses (Herholz
& Zatorre, 2012). Moreover, it is founded in a traditional methodology of musical education in which contents are connected
according to the level of difficulty based on an automated training on practicing a musical instrument (Camargo, 2007).

On the other hand, Non-instrumental musical training (NIMT) is reasoned as a multimodal training with an explicit
methodology since it comprises teaching strategies to recognize musical properties, making children conscious of the mate-
rial, not just repeating a sequence of auditory/motor movements on a particular instrument, such as the piano (Klingberg,
2010; Ribeiro & Santos, 2015). As an outcome, NIMT promotes multi-sensory brain stimulation (Proverbio, Calbi, Manfredi,
& Zani, 2014), related to visual, auditory, and sensorimotor modalities causing an improvement of audio-visual integration
due to the musical activities (Ribeiro & Santos, 2012).

The NIMT is based on ecological resources such as singing, solfeggio, and rhythmic and melodic techniques (Ribeiro &
Santos, 2012; Ribeiro, 2013) with interpretative techniques. It is ecological in the sense that musical classes use methods and
materials which approximate children to the real-world resources (Shadish, Cook, & Campbell, 2002). Besides, children from
developing countries such as Brazil usually have limited musical educational background, and/or no financial resources to
buy musical instruments or to pay a private music teacher. At the same time, the government schools lack financial resources
to acquire musical instruments. Moreover, NIMT may  be an interesting option for rehabilitation since it stimulates cognitive
functions in a ludic way (Ribeiro & Santos, 2015), i.e., without tapping directly into the traditional context of math learning
(Ribeiro, Tonoli, & Santos, in Press). In addition, NIMT may  be helpful to handle mathematical anxiety, which is commonly
found in individuals with DD (Rubinsten & Tannock, 2010).

Furthermore, the NIMT is built on active musical learning methodologies, such as Williams, Suzuki, Dalcroze Eurhythmics,
and Suzuki methods, which combine music, movement and speech into lessons to make it analogous to a setting where
children play (Goulart, 2000). Studies have claimed that melodic and rhythmic brain activations are dissociated, for example,
the dorsal visual stream for melodic processing and the ventral visual stream for rhythmic activities (Bengtsson & Ullén,
2006; Peretz & Kolinsky, 1993; Warren, 1999). It is also important to point that almost all the studies cited above used
instrumental musical training (Nutley et al., 2013; Rauscher & Zupan, 2000) and some of them even specified the musical
training used (Esteki, 2013).

The main purpose of this study was to determine the efficacy of a NIMT in children with deficits in numeracy skills. The
authors hypothesized that there would be an increase in Numerical Cognition capacity after NIMT, especially in number
comprehension and number production for children with low achievement in math and some of them will be grouped in a
cluster with children without deficits in post-NIMT.

2. Method

2.1. Participants and procedure

Two-hundred-and-twenty-three Brazilian children, all primary students (112 boys, 8 year-olds) were screened for writ-
ing, arithmetic, and reading skills by the School Achievement Test (Stein 1994). They were enrolled in four public schools in
the countryside of São Paulo State, Brazil. All participants were native Portuguese speakers and non-bilingual.

Twenty-six children that had no deficit or delay in any subtest of the School Achievement Test were included in the
sample (EA – Expected Achievement in Math; 5 females). Twenty out 197 children (LA- Low Achievement in Math; 6 females)
that had lower-than-average scores on the arithmetic subtest of the School Achievement Test when compared to normative
data from second graders. These children with low math scores (cut-off <9 in the arithmetic subtest of School Achievement
Test; Stein, 1994) were placed in the group 2. One of the established criteria for DD diagnosis is children to present results
in arithmetic tests two grades lower than the expected school age, in the case of School Achievement test it was assumed
by the cut- off <9 (Gross-Tsur et al., 1996). Moreover, DD diagnosis was confirmed by Zareki-R scores, in which children

performed 1.5 Standard deviation below the mean age of normative data (Rotzer et al., 2009).

Groups were equivalents in abstract reasoning assessed by the Raven’s Colored Progressive Matrices (CPM – Angelini,
Alves, Custódio, Duarte, & Duarte, 1999), executive function evaluated by the Wisconsin Card Sorting Test (WCST; Cunha
et al., 2005), and in math-related anxiety investigated by Math Anxiety Scale (Carmo & Figueiredo, 2005). The discrepancy
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Table  1
Means (and Standard Deviation) of Demographic Characteristics by Groups.

EA (n = 26) LA (n = 20) t

Age 100.58 (3.19) 99.60 (3.75) −0.95
CPM  79.81 (11.87) 62.95 (20.45) 3.51***

School Achievement Test
Writing 22.81 (2.76) 21.95 (2.14) 1.15
Arithmetic 10.08 (2.40) 5.70 (1.66) 6.97***

Reading 63.62 (3.14) 61.00 (2.54) 3.73***

Total 96.50 (4.90) 89.15 (4.80) 5.09***

WCST 93.23 (14.39) 91.20 (16.89) 0.44
MathAS 31.54 (19.72) 42.60 (21.13) −1.83
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ote: EA − Expected Achievement in Math; LA- Low Achievement in Math; n = number of participants; CPM: Raven’s Colored Progressive Matrices; WCST:
isconsin Card Sorting Test; MathAS: Math Anxiety Scale. *p<0.05; **P<0.01.

*** P<0.001.

bserved is that the LA presented statistically differences for verbal and visuospatial short-term memory and visuospatial
orking memory (AWMA, Alloway, 2007) (Table 1).

Socioeconomic status was assessed by the Brazilian Association of Marketing Research Institutes Scale that stratifies the
ocioeconomic status into five classes, from A/richest to E/poorest (ABEP, 2008). In the present study socioeconomic status for
oth groups was classified as C/middle class, corresponding to 4–10 minimum monthly wages. Exclusion criteria were based
n parent and teacher reports prior NIMT. Exclusion criteria for both groups were: presence of emotional disturbances, motor
ifficulties, speech or hearing impairments, or diagnosis of a neurological or psychiatric disorder. Parents gave informed
onsent.

Selected participants were enrolled in government schools evaluated with 6.2 out of 10 points at Basic Education Devel-
pment of Brazil, which corresponds to a good standard in education.

The study was approved by the ethics committee of UNESP, São Paulo State University.
After the screening phase participants were tested for Numerical Cognition using the Zareki-R. All children completed

he pre-NIMT assessment before being assigned to the NIMT. A cluster analysis was  performed with the results of the total of
he scores of the Zareki-R to observe if the children would be clustered in the same group defined by school achievement test
cores. The cluster analysis was justified as cluster subgroups that have similar response patterns can be useful in targeting
ppropriate treatment and studying typologies of diseases (Chaudhary & Sharma, 2012). Both groups received 14 sessions
f NIMT once a week, with each session being 60 min  in duration, for the half of the subjects first 7 sessions were melodic
ctivities and the others 7 sessions were rhythmic activities.

All neurocognitive assessments were conducted by a psychologist blind to the intervention status of the children and the
IMT was tutored by a music teacher who was unaware of the diagnosis of the children. In order to guarantee the fidelity of

he implementation week meetings were made with the music teacher which in turn made reports about each lesson during
he all period of the NIMT. Children were assessed in their own  schools in a quiet room. Working memory and numerical
ognition were assessed in a single session of 60-min in average, with resting periods across the assessment, the order of
ubtests was not fixed and verbal tasks were alternated with nonverbal ones. Tests were the same as those used at pre- and
ost-test. The entire study (screening, NIMT and both pre- and post-tests – neurocognitive assessments) was  carried out in
he same schooling year.

.2. Non instrumental musical training

The complete method was divided in melodic and rhythmic activities (detailed description below) just for technical
easons (Bengtsson & Ullén, 2006; Peretz & Kolinsky, 1993; Warren, 1999). Children were assigned in one of five mixed
roups (4 groups with N = 9 and one group with N = 10). The selection of the mixed groups and the initial allocation onto
hythmic or melodic activities were random and balanced to each group. All topics were approached using practical activities
ather than theoretical activities. There were seven sessions of each part of the method, and half of each group started by
he melodic part methodology. The selection of the mixed groups and the initial part were assigned by pseudo-random
ssignment, since was respected children school periods, in which the training was performed in the opposite period.
roups were small to keep active participation and were formed based on schooling periods.

.2.1. Melodic activities
1st Class: Discussed the notion of sound and silence, and provided the appreciation of sounds in different environments,

uch as the sounds of the class and outside the classroom.

2nd Class: Discriminated treble, midrange and bass sounds through the recognition of animal sounds and their differen-

iation.
3rd Class: Showed diverse musical instruments and timbre.
4th Class: Introduced the concept of intensity through songs and differentiations between utterances.
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5th Class: Exemplified the distinction between weak and strong sounds; stimulated the perception between intensities
by listening to different musical styles.

6th Class: Presented representations of sounds through drawings and perception of musical styles.
7th Class: Introduced the concept of melody and harmony using different instruments and different notes.

2.2.2. Rhythmic activities
1rt Class: Presented rhythmic variations through pulse, body sounds and discrimination of musical progress.
2nd Class: Developed the perception between long and short sounds using musical games (with different pieces of paper

that the children would interpret as long or short with sounds), body percussion and drawings.
3rd Class: Presented a description of the pulse and musical accent.
4th Class: Developed conceptions of pulse, rhythm and the use of different timbres and rhythms with own body.
5th Class: Showed properties of sounds such as duration and rhythmic association with movements.
6th Class: Stimulated the creation of rhythms and intensity.
7th Class: Discriminated the variations between binary, ternary and quaternary compasses.

2.3. Measures

Participants were screened for school achievements and evaluated in terms of intelligence quotient (IQ), socio-economic
background. Further measures were administered to determine any systematic differences in these variables prior to the
intervention:

Anamnesis (Santos, 2002): Consists of a set of questions to assess children general development in specific dimensions;
social, educational, psychological and health. This was  used as a screening measure for exclusion criteria, which were:
presence of school failure, neurological, psychiatric or psychological disorders, and chronic use of psychoactive substances.

Brazilian Association of Marketing Research Institutes Scale (ABEP, 2008): A scale to assess the socioeconomic status of the
child’s family.

Raven’s Colored Progressive Matrices (Angelini et al., 1999): A measure of nonverbal abstract reasoning.
School Achievement Test – (Stein, 1994): It is composed of three subtests: (1) Writing: In which the experimenter reads a

maximum of 34 words and children are required to write them; (2) Reading: Is present a paper with 70 words in that the
child is asked to read; and (3) Arithmetic: This subtest is composed by oral calculation and written calculation items. Each
item presents a range of calculations in ascending order of difficulty, which are presented to children regardless of their
school ages.

Wisconsin Card Sorting Test – WCST (Heaton et al., 2005): Assesses the ability to develop and maintain an appropriate
strategy for problem solving by changing stimulus conditions order to reach a future target.

Math Anxiety Scale – MathAS (Carmo & Figueiredo, 2005): 25 situation phrases that involve math and assess the level of
anxiety in students.

Automated Working Memory Assessment – AWMA (Alloway, 2007): Twelve tests divided into the following four concep-
tual categories: verbal short-term memory- digit recall, word recall and non-word recall subtests; visuospatial short-term
memory- dot matrix; mazes memory and block recall subtests; verbal working memory- listening recall, counting recall and
backwards digits subtests; visuospatial working memory- Odd-one Out; Mister X and span spatial subtests. The description
of each subtest is presented in Alloway and Passolunghi (2011), Ribeiro and Santos (2012).

2.3.1. Numerical cognition
Zareki-R (Von Aster & Dellatolas, 2006) is an international specialized battery test that assesses the Numerical Cogni-

tion of school-age children. The total score is composed of the sum of the subtests, except Memory of Digits. The Zareki-R
has 11 subtests specialized in Numerical Cognition: two  of them assess Number Sense (counting dots and perceptive esti-
mation subtests); Number Production (counting backwards, dictation of numbers and reading numbers subtests); Number
Comprehension (oral comparison, written comparison and contextual estimation subtests); Calculation (mental calculation
and problem solving scores) and mental number line (Positioning Numbers). Normative data for Brazilian children in each
subtest and description of each subtest is presented in Santos et al. (2012).

2.3.2. Post-NIMT self-report evaluation
This instrument was designed especially for this study to assess if children could identify increasing with six topics related

to School general learning, grades, memory, mood, attention, and finally about the importance of the musical training
for them. Through six different questions: (1) Did you notice improvement in your school learning?; (2) Did you notice

improvement in your grades?; (3) Did you notice changes in your memory?; (4) Did you notice modifications in your
mood?; (5) Did you notice alterations in your attention?; And (6) Did the musical training mean something to you?. The
parameter utilized to accounting in Fig. 4 was the children say yes or no, to each questions, in which yes responses were
classified in terms of percentage of response for enhancement in the categories (Ribeiro, 2013).



F.S. Ribeiro, F.H. Santos / Research in Developmental Disabilities 62 (2017) 26–39 31

Table  2
Means (and Standard Deviation) scores obtained by groups on Zareki-R subtests and AWMA  composites at Baseline.

Tests Cluster 1 (n = 26) Cluster 2 (n = 20) t d

Zareki-R
Counting Dots 2.81 (0.94) 2.90 (0.79) −0.35 0.10
Counting Backwards 2.77 (1.24) 1.35 (1.04) 4.12*** 1.24#

Dictation of Numbers 13.42 (3.01) 7.80 (3.35) 5.98*** 1.76#

Mental Calculation 24.73 (6.90) 8.75 (6.22) 8.12*** 2.43#

Reading Numbers 14.42 (2.23) 10.05 (3.73) 4.94*** 1.42#

Positioning Numbers 14.98 (3.14) 9.55 (4.62) 4.74*** 1.37#

Oral Comparison 13.27 (2.13) 10.35 (3.30) 3.64*** 1.05#

Perceptive Estimation 7.54 (1.99) 5.60 (2.48) 2.95** 0.86#

Contextual Estimation 10.77 (3.88) 7.20 (3.58) 3.20** 0.96#

Problem Solving 6.15 (2.81) 1.95 (1.88) 5.77*** 1.76#

Written Comparison 19.08 (1.29) 15.40 (4.82) 3.73*** 1.04#

Memory of Digits 24.69 (5.09) 22.21 (5.25) 4.03 0.08
Zareki-R Total 129.98 (14.14) 80.90 (12.13) 12.40*** 3.72#

AWMA
Verbal Short Term Memory 59.00 (9.52) 53.55 (6.09) 2.23* 0.68†

Visuospatial Short Term Memory 59.62 (10.88) 51.35 (7.80) 2.87** 0.78†

Verbal Working Memory 34.77 (8.02) 31.45 (6.89) 1.48 0.44
Visuospatial Working Memory 35.69 (9.38) 27.70 (8.67) 2.96** 0.88#

Legend: Cluster 1: Expected Achievement in Math; Cluster 2: Low Achievement in Math; n = number of participants; Zareki-R: Neuropsychological Tests
Battery of for Number Processing and Mental Calculation in children, Revised; AWMA: Automated Working Memory Assessment.

* p < 0.05.
** P < 0.01.
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*** P < 0.001.
† d > 0.5 respectively medium or large magnitude.
# d > 0.8 respectively medium or large magnitude.

. Results

The cluster analysis pre-NIMT indicated two groups: One presented average scores on the Zareki-R total score, while the
ther had the lowest scores on the Zareki-R, i.e., more than one standard devidation lower than expected for age. Therefore,
he first group was designated as “Cluster 1”, which had expected achievement in math scores (n = 26) and the second group
s “‘Cluster 2”’, that had low achievement in math scores (n = 20), agreeing with the screening phase participants.

.1. Between-subject design at baseline

In order to control multiple comparisons, the first analysis contemplated a MANOVA for independent variables (groups)
nd as dependent factor Zareki-R subtests which compose the total, and Wilk’s Lambda = 0.21, F (11, 34) = 11,82, p < 0.001,
ta = 0.79. As for achieving the post-hoc effect, independent samples t-test analyses were used, because it was  the most
ppropriate test to compare the means for two independent groups. Results pre-NIMT showed differences between Cluster

 and Cluster 2 for the following Zareki-R subtests: Counting Backwards, Dictation of Numbers, Mental Calculation, Read-
ng Numbers, Positioning Numbers, Oral Comparison, Perceptive Estimation, Contextual Estimation, Problem Solving, and

ritten Comparison and also the Zareki-R wherein the performance of Cluster 1 group was higher than the children from
luster 2. Means, standard deviations and comparison between groups by t-tests are summarized in Table 1.

Once the children had significant differences in relation to intelligence scores, this fact could have determined the dif-
erence between groups in the Zareki-R subtests and total, for this reason, an ANCOVA having Raven’s Colored Progressive

atrices scores as a covariate, was conducted and the group effect remained for Zareki-R subtests Wilk’s Lambda = 0.26, [F
11, 33) = 8,37, p < 0.001, eta = 0.74] and for the total [F (1,45) = 108.29; p < 0.0001, eta = 0.72].

The reliability indicated a Cronbach’s alpha of 0.87 for pre-and post-NIMT for Zareki-R Total. Results were corroborated
y effect sizes with large magnitudes.

Raw scores for dependent variables of each Zareki-R subtest (see Table 2) were converted to Z-scores based on normative
ata (Santos et al., 2012). These scores subsidized to create a control group, since the children were of the same age and
ultural region (Fig. 1). Z-Scores confirmed the clustered group designed as DD group; the Zareki-R total mean for this group
as 1.5 below the normative data (Santos et al., 2012), while EA group essentially had normal scores (Fig. 1).

Cluster 2 presented Zareki-R Total and counting backwards subtest scores according to clinical criteria, in other words,
.5 SD below the mean expected for the age (Santos et al., 2012). Moreover, looking at each participant individually scores,

 children had Zareki-R total score 1.5 SD below the mean expected for age (Santos et al., 2012), while others (11 children)

resented deficits in three Zareki-R subtests (Rotzer et al., 2009), which means that children from cluster 2 had low achieve-
ent in math scores suggestive of DD (Kaufmann et al., 2013; Shalev, Manor, Auerbach, & Gross-Tsur, 1998; Shalev, Manor,

 Gross-Tsur, 2005). Despite of difficulties presented by Cluster 1 in counting dots subtest, this group did not demonstrate
eficits.
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Fig. 1. Z-scores for subtests and Zareki-R Total score – mean and standard deviation- for cluster 1 and cluster 2 groups at pre-MT.
Fig. 2. Results of Cluster 1 group on subtests of Zareki −R (n = 26). Note: (*) p < 0.05; (**) P < 0.01; (***) P < 0.001

Furthermore, cluster analysis was equivalent to school achievement test assessment at the screening phase.

3.2. Within-subjects design (Pre-NIMT × post-NIMT)

A paired t-test compared variables at pre- and post- NIMT. Analysis revealed a significant improvement in Cluster 1
group between pre- and post-NIMT for Counting dots, counting backwards, Dictation of numbers, Mental calculation, reading
numbers, Contextual estimation, Problem Solving, Written comparison and Memory of digits (pre-test [M = 24.69; DP = 5.09]
and post-test [M = 28.46; DP = 5.13]). In addition, Cluster 2 group increased their scores at post-MT for Counting dots, Dictation
of numbers, Mental calculation, reading numbers, Positioning numbers, Contextual estimation and Problem solving. Results

are shown in Figs. 2 and 3.

Legend: CD = Counting dots; CB = Counting backwards; DN = Dictation of numbers; MC  = Mental calculation; RN = Reading
numbers; PN = Positioning numbers; OC = Oral comparison; PE = Perceptive estimation; CE = Contextual estimation;
PS = Problem solving; WC = Written comparison.
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Fig. 3. Results of Cluster 2 group on subtests of Zareki–R (n = 20).
Note: (*) p < 0.05; (**) P < 0.001;
Legend: CD = Counting dots; CB = Counting backwards; DN = Dictation of numbers; MC = Mental calculation; RN = Reading numbers; PN = Positioning num-
bers;  OC = Oral comparison; PE = Perceptive estimation; CE = Contextual estimation; PS = Problem solving; WC = Written comparison.

e
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Fig. 4. Response percentage – for cluster 1 and cluster 2 groups for Post-NIMT self-report evaluation.

Moreover, non-significant differences were found using Mann–Whitney U test between clusters in Post-NIMT self-report
valuation.

A second cluster analysis was carried out with the results of Zareki-R score after the end of the NIMT aiming to observe

f children would still be grouped in the same cluster in post-NIMT, as in pre-NIMT. The analysis showed that 8 participants
nitially grouped in Cluster 2 group (n = 12), were grouped in Cluster 1 at post-NIMT (n = 34) and observing normative data
either Cluster 1 or Cluster 2 mean scores presented clinical criteria of DD (Santos et al., 2012; Rotzer et al., 2009). Fig. 4
hows the Z-scores for subtests and Zareki-R total for Clusters 1 and 2 at post-NIMT.
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Fig. 5. Z-scores for subtests and Zareki-R Total score – mean and standard deviation- for cluster 1 and cluster 2 groups at Post-NIMT.

Table 3
Performance of child diagnosed with DD in Intelligence, Executive function, math anxiety, and School Achievement Test.

Observed Mean Expected Classification

CPM 30 26–74 Average
WCST 94 85–100 Average
MathAS 0 0–24 No-symptoms

School Achievement Test
Writing 20 20–26 Average
Arithmetic 4 10–13 Impaired
Reading 61 58–66 Average
Total  85 87–105 Impaired
Legend: CPM: Raven’s Colored Progressive Matrices; WCST: Wisconsin Card Sorting Test; MathAS: Math Anxiety Scale.
Note:  Averaged: in the range of mean expected; Impaired: Below the mean expected.

Observing individual results of each child at post-NIMT of Clusters 1 and 2, only 7 children in Cluster 2 continued to meet
diagnostic criteria for DD, with the Zareki-R total score being below the mean expected for the age (Santos et al., 2012),
outcomes are shown in Fig. 5. To illustrate individual results a case study was inserted (see Box 1).

3.3. Case study

In order to illustrate musical training effect in individuals, we selected a single case of a child that presented the worse
scores in Zareki-R subtests before the intervention. R.L.is an eight-year-old boy enrolled in the 2nd school year of primary
school. The anamnesis interview was made with the mother, who  reported that pregnancy and birth were uneventful, as the
psychomotor development. According to maternal reports, the child attended kindergarten and always presented difficulties
in the discipline of mathematics. The family socioeconomic status corresponded to C1–monthly value 1.541 BRL (∼684.89
USD) (Table 3).

3.3.1. Pre- NIMT
R. L. obtained lower scores for arithmetic subtest and the total score compared to the expected mean. As for the subtests

of Zareki-R, two of them presented mild impairment (counting dots and oral comparison), three subtests were classified as
moderate impairment (counting backwards, dictations of numbers, and contextual estimation), five subtests and also the

Zareki-R total had severe classification (mental calculation, reading numbers, positioning numbers, problem solving, and
written comparison). The memory of Digits was the only subtest with averaged scores. It suggests a phenotype of Primary
DD (Mazzocco & Räsänen, 2013).
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.3.2. Post-NIMT
At the end of the NIMT the child showed an improvement in six subtests, in which one subtest was  classified as mild

Oral Comparison), others that were classified as moderate (Dictation of Numbers and Contextual Estimation), three subtests
hich had severe classification (Reading Numbers, Problem Solving, and Written Comparison). The two  subtests that kept
nder severe impairment compared to the pre-NIMT were Mental Calculation and Positioning Numbers, corroborating with
udgen (2014) regarding persistent deficits in core skills. In congruence with Numerical Cognition improvements in scores,
.L. reported in the Post-NIMT Self-report evaluation yes for all questions, showing that the child could be able to notice
eneficial changes in his cognitive, emotional and academic performances.

. Discussion

The aim of the present study was to observe the effects of NIMT in children with low achievement in math, as a remedial
trategy to enhance Numerical Cognition systems. For this purpose, a prospective study was carried out comparing pre- and

 post-NIMT, in which children were assessed after 14 sessions of NIMT. The main finding was  an enhancement of Number
roduction after the NIMT.

Initially, is important to point out that the children of the present study did not accomplish any other regular activity dur-
ng the NIMT period, except schooling classes. Because our design did not have untrained group, we  contrasted the present
ample with children of the normative study of Zareki-R, which were from the same scholar background (for more informa-
ion, Santos et al., 2012). Despite the observed statistical difference for intelligence between EA (Expected Achievement in

ath children) and LA (Low Achievement in Math Children), covariance analyses revealed that performance in Numerical
ognition systems were not influenced by intelligence. In addition, none of the participants in this study had clinical deficits

n executive function, intelligence, reading skills, math anxiety, or inadequate schooling opportunities, in other words, both
roups presented averaged scores when compared to normative data.

Results of the between- design analysis revealed that only Cluster 2 (Low achievement in math children) was below the
xpected age scores for the following Zareki-R subtests: counting backwards, dictation of numbers, positioning numbers,
ontextual estimation, written comparison, and mental calculation (Santos et al., 2012), and according to Zareki-R established
riteria for DD diagnosis (Rotzer et al., 2009; WHO, 1994). Deficits in these subtests indicate impairments in the understanding
f numerical symbols and its production, which can justify losses in calculation (Butterworth, 2010; Landerl et al., 2004; Von
ster & Shalev, 2007; Wilson & Dehaene, 2007). It also confirms that the schooling achievement test is suitable for screening
f numeracy deficits as focused on calculation, although a specific battery of Numerical Cognition is more suitable for the
iagnosis of DD, since it likewise includes number processing skills (Santos et al., 2012; Silva & Santos, 2011).

Based on Von Aster and Shalev (2007) model, it can be suggested that these deficits are observable from the linguistic
tep and Cluster 2 could be designated as a DD group. However, a careful diagnosis requires a longitudinal perspective
Mazzocco & Räsänen, 2013) as demonstrated in this study. It is important to point out that the consensus recommendation
or definition and diagnosis of DD emerged only three years ago (Kaufmann et al., 2013). Consequently, there are substantial
umber of studies with arbitrary diagnostic criteria for DD (Kaufmann & von Aster, 2012) leading to individual differences
Butterworth, 2010; Murphy et al., 2007), which makes comparison with previous studies extremely difficult.

Besides, children in the Cluster 2 also showed inferior scores on visuospatial and verbal short-term memory and visuospa-
ial WM (Silva & Santos, 2012). It has previously been established that such impairment in this function has lead to difficulties
n following instructions (Schuchardt, Kunze, Grube, & Hasselhorn, 2006) and in mental representation (Alloway, 2006). This
nding could help to reclassify them as Secondary DD since numerical deficits were associated with non-numerical cognitive
nes.

After NIMT, an intra-group comparison revealed that both groups showed significant differences from pre-NIMT on the
ollowing Zareki-R subtests: counting backwards, dictation of number, mental calculation, reading numbers contextual esti-

ation, and problem solving. However, only the Cluster 2 (Low Achievement in math) group showed increases in scores for
ositioning numbers, which is related to the mental number line (Kucian et al., 2011) and is connected to the spatial rep-
esentation of number magnitude corroborating with previous studies that showed that music can develop spatial abilities
Rauscher & Zupan, 2000; Rauscher & Shaw, 1998). It is also relevant the fact that only the Cluster 1 (Expected Achievement
n Math) showed an increase in scores for counting dots and written comparison subtests, which are linked to number pro-
uction and WM.  NIMT effects might be dissimilar between groups because children with low scores in Numerical Cognition
an develop abilities in a different way compared to children with typical mathematic development (Landerl, 2013). Apart
rom that, this group-selective increase on scores makes a learning effect doubtful, if this was the case, all subtests would
ave grown equally for both clusters. In support of this argument, there was a good internal consistency, which would be

ower in case of learning effects (Cronbrach, 1951). Data were analysed through the Z-score based on a normative score for
areki-R (Santos et al., 2012). Furthermore, marginal significant results of self-report Post-NIMT indicated that children with
ow achievement scores were aware of their increases in math, corroborating with statistical results.

Another interesting finding from the present research is that the number of children grouped in Cluster 2 (n = 12),

ecreased after NIMT in that only 7 children remained with scores consistent with the diagnosis of DD. Two  possible expla-
ations must be considered for these results. Firstly, NIMT seems to be able to modify brain functioning in a short period
f the time in children diagnosed with DD (Ribeiro, 2013; Ribeiro et al., 2016 in press). For instance, the child with lowest
ath scores at pre-NIMT that we selected from the cohort displayed, after NIMT, enhanced math scores related to number
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Table 4
Results of performance on Zareki-R by a child diagnosed with DD.

Zareki-R Observed Pre-NIMT Classification Observed Post-NIMT Classification Mean Expected

Counting Dots 2 Mild 2 Mild 3.5 (0.8)
Counting Backwards 1 Moderate 2 Mild 3.2 (1.2)
Dictation of Numbers 4 Moderate 6 Average 11.6 (3.7)
Mental Calculation 0 Severe 5 Severe 25.1 (11.8)
Reading Numbers 8 Severe 11 Average 13.3 (3.3)
Positioning Numbers 5 Severe 4 Severe 15.6 (5.0)
Oral  Comparison 8 Mild 14 Average 12.1 (3.8)
Perceptive Estimation 6 Average 4 Average 5.4 (2.4)
Contextual Estimation 8 Moderate 14 Average 13.4 (4.4)
Problem Solving 0 Severe 2 Average 5.5 (3.8)
Written Comparison 6 Severe 16 Average 18.4 (2.8)
Memory of Digits 18 Average 26 Average 23.9 (8.3)
Total  48 Severe 80 Moderate 127.3 (31.6) (31.6)

Note: Mild impairment (-1 SD); Moderate impairment (-2SD); Severe impairment (-3SD) according to normative data Santos et al. (2012).
production, except for mental calculation and positioning numbers, calculus and number line systems (Table 4). This single
case reinforces the observations of beneficial effect of NIMT in Numerical Cognition. It shows that even a child with resistant
low math achievement was able to improve in number production. Secondly, and less plausible is that perhaps some of the
children from Cluster 2 should not be classified as DD, then rather than a persistent disorder, they would have a transitory
Low Achievement (Lucangeli & Mammarella, 2010) that is more responsive to interventions (Fuchs et al., 2013). In this case,
the NIMT would suitable, up to some extent, for both children with LA and DD.

According to our findings, the NIMT showed to be functional for rehabilitation of children with Low Achievement in math
for all Numerical Cognition system and on number production in children with DD. The activities performed in NIMT, such
as mental rotation, transcription of sounds, and reading images to produce sounds (pseudo scores), seem to strengthen skills
that mainly require symbol recognition. Furthermore, these findings corroborate with studies using instrumental musical
training which have shown that short period training using musical principles could improve cognitive abilities (Rauscher
& Zupan, 2000), and particularly math (Schellenberg, 2006).

From a clinical point of view, these outcomes show the importance of early diagnosis of children with LA and DD to
provide a satisfactory rehabilitation (Santos et al., 2012). Furthermore, although it is not explicitly stated in the ICD-10, the
diagnostic criteria assume that learning difficulties should be evident over a period of time, which means that the follow
up of the symptoms is essential (Mazzocco & Räsänen, 2013). We  consider that it is indispensable to follow up individual
profiles since difficulties in math may  modify across the time but remain disabling.

There is a lack of outcome studies currently available that demonstrate the efficacy of NIMT, specifically on Numerical
Cognition. In the present study, all precautions related to experimental control were made to keep measures and outcomes
reliable. In addition, the protocol had specific tasks to assess different abilities and screened for common comorbidities.
Therefore, this paper was prepared as an effort to describe the basic structure of our NIMT program, and to expand knowledge
about the techniques that are suitable for cognitive rehabilitation of numerical cognition in children with DD. We  argue that
NIMT achieved its goals with many advantages. It has low costs as it can be carried out at school, it is pleasant for participants
and promotes inclusion, avoiding stigma. Moreover, NIMT does not require mobility on the part of parents or students and
only demands that a qualified music teacher is trained to use the proposed methodologies (Ribeiro, 2013; Ribeiro & Santos,
2015). Future studies may  explore specific musical structures that can be used for rehabilitation in different types of learning
disabilities in order to observe possible transfer effects and neuroplasticity. In sum, future research will be essential to explore
long-term training and the differences between methodologies utilizing musical elements.

4.1. Limitations

In fact, all musical training studies quoted had an independent variable called control group, as a non-intervention group.
However, clinical studies assessing the effects of interventions commonly included a clinical group and a non-clinical group
performing the procedure, similar to our experimental design (Ashkenazi & Henik, 2012; Kucian et al., 2011). At the same
time, it would not be ethically suitable to delay or to deprive a clinical group of treatment. Although the present research did
not include a non-intervention control group, the normative data study of the Zareki-R (Santos et al., 2012) was  established
with typically developing children from the same region and cultural background, which were not attending any training
at the time of study. Thus, the data of the normative study functioned as a control (untrained) group to the present sample.

Our findings represent preliminary evidence of the beneficial effects of NIMT on Numerical Cognition for both children with
DD and with typical development.
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classificaç ão de cartas (1a ed)). São Paulo: Casa do Psicólogo.

avis, M.  A. (2000). Learning. . ..  the beat goes on. Childhood Education, 76,  148–154. http://dx.doi.org/10.1080/00094056.2000.10522096
esmet, C., Imbo, I., De Brauwer, J., Brass, M.,  Fias, W.,  & Notebaert, W.  (2012). Error adaptation in mental arithmetic. Quarterly Journal of Experimental

Psychology,  65,  1059–1067. http://dx.doi.org/10.1080/17470218.2011.648943
steki, M.  (2013). Effectiveness of Music Training on reorganization of brain and poor intellectual abilities in female students with dyscalculia (7–9 years

old).  Global Journal of Arts Education,  3, 06–10. Retrieved from URL. http://www.world-education-center.org/index.php/gjae/article/viewArticle/2836
orgeard, M.,  Winner, E., Norton, A., & Schlaug, G. (2008). Practicing a Musical Instrument in Childhood is Associated with Enhanced Verbal Ability and

Nonverbal Reasoning. PLoS One, 3(10), e3566. http://dx.doi.org/10.1371/journal.pone.0003566
uchs, L. S., Geary, D. C., Compton, D. L., Fuchs, D., Schatschneider, C., Hamlett, C. L., & Changas, P. (2013). Effects of first-grade number knowledge tutoring

with  contrasting forms of practice. Journal of Educational Psychology,  105(1), 58–77. http://dx.doi.org/10.1037/a0030127
entner, D. (2001). Spatial metaphors in temporal reasoning. In M. Gattis (Ed.), Spatial schemas in abstract thought (pp. 203–222). Cambridge, MA:  MIT

Press.
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