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Abstract
The study investigated, in a longitudinal cohort, predictive models of arithmetic competence (AC) in the 1st year from language and
executive functions assessed at preschool age. A total of 71 children were evaluated in oral language skills, preliminary writing abilities
and executive functions. In the 1st year, the children were also evaluated in AC. Parents provided information on the socioeconomic
level and teachers indicated children with difficulties. Language, oral (phonological awareness and vocabulary) and preliminary writing
(knowledge of letters, reading and writing of words) abilities, together with indications of difficulty by the teacher in the ECE, were able
to explain a mean of 62% of the variability in AC in the 1st year. The findings reveal predictive variables for the performance in arithmetic
in the initial stage of Elementary Education, which can assist in early identification and the design of preventive intervention models.
Keywords: academic performance; childhood assessment; arithmetic competence; mathematics; prevention.

Resumo
Predição da competência aritmética: papel das habilidades cognitivas, variáveis socioeconômicas e percepção do professor na
Educação infantil. O estudo investigou, em um recorte longitudinal, modelos preditivos da competência aritmética (CA) no 1º ano a
partir de habilidades de linguagem e funções executivas avaliadas em idade pré-escolar. Participaram 71 crianças que foram avaliadas
em habilidades de linguagem oral, habilidades preliminares de escrita e funções executivas. No 1º ano, as crianças foram também
avaliadas em CA. Pais proveram informações sobre nível socioeconômico e professores indicaram crianças com dificuldades no
curso da EI. Habilidades de linguagem, oral (consciência fonológica e vocabulário) e preliminares de escrita (conhecimento de letras,
leitura e escrita de palavras), juntamente com indicação de dificuldade pelo professor na EI, foram capazes de explicar média de
62% da variabilidade em CA no 1º ano. Os achados revelam variáveis preditoras do desempenho em aritmética em etapa inicial do
Ensino Fundamental e estendem seu impacto para a identificação precoce e delineamento de modelos preventivos de intervenção.
Palavras-chave: desempenho escolar; avaliação infantil; competência aritmética; matemática; prevenção.

Resumen
Predicción de la competencia aritmética: papel de las habilidades cognitivas, variables socioeconómicas y percepción del profesor en
la Educación infantil. El estudio investigó, en un recorte longitudinal, modelos predictivos de la competencia aritmética (CA) en el
primer año a partir de habilidades de lenguaje y funciones ejecutivas evaluadas en edad preescolar. Participaron 71 niños que fueron
evaluados en habilidades de lengua oral, habilidades preliminares de escritura y funciones ejecutivas. En el primer año, los niños
también se evaluaron en CA. Los padres proporcionaron información sobre NSE y los profesores indicaron a los niños con dificultades
en el curso de la EI. Las habilidades de lenguaje, oral (conciencia fonológica y vocabulario) y preliminares de escritura (conocimiento de
letras, lectura y escritura de palabras), junto con indicación de dificultad por el profesor en la EI, fueron capaces de explicar media del
62% de la variabilidad en CA en 1er año. Los hallazgos revelan variables predictoras del desempeño en aritmética en etapa inicial de la
Enseñanza Fundamental y expiden su impacto para la identificación precoz y delineamiento de modelos preventivos de intervención.
Palabras clave: rendimiento escolar; evaluación infantil; la cognición; matemáticas; la prevención.
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Prediction of arithmetic competence

In addition to reading and writing, mathematics is an important acquisition of the school phase
(Menon, 2010), although, compared to the first two,
it receives less attention in the literature. This point
can be illustrated by the investment made in research
in the area of specific learning disorders. Thus, from
2000 to approximately 2009, the National Institute
of Health spent about US$107 million on reading
disorder research and about 2% of this on research
into mathematics disorder (Bishop et al., 2010;
Butterworth, Varma, & Laurillard, 2011). This fact is
also reflected in the knowledge currently available
regarding precursors of reading/writing and mathematics abilities. In relation to reading/writing, the role
of linguistic skills, especially phonological processing,
has been well established in the acquisition of word
recognition (Melby- Lervåg, Lyster, & Hulme, 2012;
Seabra & Dias, 2012c); as has the participation of other
skills, such as executive functions, in more complex
processes, such as those involved in reading comprehension (Borella, Carretti, & Pelegrina, 2010; Kendeou,
van den Broek, Helder, & Karlsson, 2014). With regard to
mathematics, studies exist (e.g. Bull & Lee, 2014; LopesSilva et al., 2016), however, there are still no consistent
conclusions in some areas, as the participation of inhibition and switching in math performance or the role of
phonemic awareness in numerical tasks, for example.
The concept of mathematics involves arithmetic, which refers to the study of numbers, their properties and operations (Novick & Arnold, 1988). Models of
neuropsychology and cognitive psychology have sought
to understand arithmetic competence (AC), which has
been understood as a complex skill that includes different components, among which are more basic elements
of number processing and others, more complex, as the
application of procedures and calculation (Menon, 2010).
One of these is that of McCloskey, Caramazza and
Basili (1985), described in Seabra, Dias and Macedo (2010),
which delimits a ‘numerical processing’ component,
which involves numerical comprehension and production, knowledge of symbols and quantities and a ‘calculation’ component, which refers to the processing of the
symbols and execution of the calculation itself.
More recently, Menon (2010) presented a model
that complements that of McCloskey et al. (1985).

The model recognizes three levels of processing: basic
numerical processing, which includes knowledge of
numbers, symbols, quantities and magnitude; simple
mathematical computation, the ability to solve simple
calculations and to retrieve arithmetic information;
and complex mathematical computing, which includes
processing complex operations.
From these models it is possible to analyze which
cognitive abilities are relevant for each component.
For example, the most basic component of number
processing is associated with more elementary mathematical abilities, which allow the understanding of
magnitude, for example, number sense (Feigenson,
Libertus, & Halberda, 2013; Jordan, Kaplan, Locuniak,
& Ramineni, 2007). In addition, even naming or writing
numbers involves accessing their symbolic representations and demands verbal processes, such as those that
occur in the retrieval of arithmetic facts or in problem
solving (Lopes-Silva et al., 2016; Zhang & Lin, 2015).
Finally, the performance of more complex calculations
requires the application of strategies and procedures, involving the important participation of executive
functions1 (Menon, 2010).
Some associations are well established in the literature, such as number sense and mathematical skills, with
evidence that the former is an important predictor of
future competence in the second (Feigenson et al., 2013,
Jordan et al., 2007), as well as evidence which support a
causal relationship between them (Park & Brannon, 2014).
In a similar way, there are studies showing the association between performance in arithmetic and executive functions at different ages (Borella et al. 2010;
Duncan et al., 2007; Gathercole, Pickering, Knight,
& Stegmann, 2004; Toll, Van der Ven, Kroesbergen,
& Van Luit, 2011). However, a relatively recent review
has shown that, in general, working memory has been
evidenced as the sole predictor of mathematical performance, so that findings related to inhibition and flexibility
seem less conclusive (Bull & Lee, 2014).
The participation of the verbal processes in AC
seems to be of more recent interest, although, already in
the 1990s, the triple-code model of Dehaene and Cohen
(1995) supported this association. In the model, three
types of numerical representation systems are considered: an analog representation of magnitude, therefore,
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non-verbal (example ●●●●●); a visual symbolic representation (5) and a verbal symbolic representation (five).
The interactions between these representations occurs
through the process of transcoding, which reveals the
relation between verbal and non-verbal codes.
In fact, several language skills are associated with mathematical development. For example,
LeFevre et al. (2010) stated that cognitive skills in general,
such as spatial and linguistic skills, are essential and
function as a basis for learning arithmetic. The study revealed that the ability to count sequences is related to arithmetic competence and language skills. Also Zhang and
Lin (2015) argued that language skills (phonology, word
meaning and writing) relate to arithmetic problem solving,
mathematical writing and the non-symbolic system.
In a longitudinal study, with preschool children up
to the 3rd grade, phonological awareness, knowledge of
letters, vocabulary, visuospatial skills and AC (assessed
by addition and subtraction calculations) were evaluated. It was verified that linguistic and visuospatial skills
act in the preschool as predictors of good arithmetic
performance in Elementary Education. Furthermore,
knowledge of letters has been shown to be a predictor of
arithmetic performance (Zhang et al., 2014) and studies
have suggested that children with reading difficulties
also have difficulties in arithmetic (Duncan et al., 2007;
Landerl & Moll, 2010; Zhang et al., 2014).
Relationships between arithmetic performance
and phonological processing skills have been evidenced, more specifically phonological awareness (PA; the
ability to reflect on speech sounds). For example, phonological processing deficits in dyslexic people may impair
aspects of mathematics that depend on the manipulation of verbal codes (e.g. counting, retrieval of arithmetic
facts) (Simmons & Singleton, 2008) and PA was a significant predictor of both reading and numerical writing in a
sample of the 2nd to 4th grade students, suggesting this
ability as a module shared between abilities of reading
and writing and mathematics (Lopes-Silva et al., 2016).
Another point to consider is that school requirements in
relation to mathematics vary in each grade, therefore,
cognitive demands for task resolution may also vary
(Dias & Seabra, 2013; Menon, 2010).
This article focuses on whether and which linguistic and executive skills assessed in Early Childhood

Education (ECE) can predict AC and by how much (considering numeracy and calculation processing skills) in the
first year of this acquisition, that is, at the end of the
1st grade of Elementary Education. Among the linguistic abilities, PA, short-term phonological memory,
vocabulary and preliminary reading and writing skills
(knowledge of letters and their sounds, reading and
writing isolated words) were selected. Among the
executive abilities, inhibition and cognitive flexibility
were selected, as there is a larger amount of evidence
already published in relation to working memory.
Finally, also taking into account the influence of other
factors on the learning and performance of arithmetic, the individual history and socioeconomic level (SEL)
variables were considered in the analyses, as well as
early indicators of difficulties (learning and/or behavior)
in the preschool, from the perception of the teacher.
The aim of this study was to investigate, in a longitudinal cohort, predictive models of arithmetic competence in the 1st grade from the linguistic and executive
abilities assessed at preschool age, also considering the
predictive power of other variables, including those of
SEL and the perception of the teacher regarding the
child’s difficulties. The findings may contribute by listing
predictive abilities and variables that aid in understanding the processes involved in AC, as well as in the early
identification of children in ECE at risk for difficulties in
this area of academic performance.

Method
Participants

The final study sample consisted of 71 children
who entered the study in ECE and were followed up to
the 1st grade. These participants entered into the study
at different periods, so that they composed 2 groups:
Group 1, composed of 27 children (age at start of the
study: M = 4.4 years; SD = 0.50) recruited for the study
when they attended Jardim I (Jd-I) and who participated in three years of evaluation; and Group 2, composed
of 44 children (age at start of the study: M = 5.3 years;
SD = 0.52) recruited for the study when attending Jardim
II (Jd-II) and who participated in two years of evaluation.
Table 1 shows the time course, with the entry of both
groups, over the years of the study.
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Table 1. Summary of Entry and Length of Participation over the Three Years of the Study.
Participation in the study
Group

Year of entry into the study

1

2

Year1
2012

Year2
2013

Year3
2014

Jardim I

Entered the study and
participated in the first stage of
the evaluation

Passed to Jardim II.
Evaluated in year 2 of the study

Passed to the 1st year.
Evaluated in year 3 of the study
Participation in the study finished

Jardim II

Entered the study and
participated in the first stage of
the evaluation

Passed to the 1st year.
Evaluated in year 2 of the study
Participation in the study finished

*

The exclusion criteria were presence of diagnosis of intellectual deficiencies or medical diagnosis of
genetic or neurodevelopmental diseases, evidenced
by medical report, with this information obtained from
the school management and from a questionnaire sent
to the parents/guardians. Four children were excluded

because they were within this criterion. All the children
had ages appropriate to the grade they attended and
there were no cases of repetition. Table 2 summarizes
the characteristics of the sample for groups 1 and 2. The
school is private, located in a middle to high class region
and uses the phonics approach as the literacy method.

Table 2. Characterization of the Final Study Sample
Group

N

Year of
entry into
the study

Length of
participation
in the study
(years)

School level at
the beginning
of the study

Age at
start of
study
M (SD)

M

F

Range
1

Range
2

Range
3

Range
4

1

27

2012

3

Jardim I

14

13

4.4 (0.50)

1

3

5

16

2

44

2012

2

Jardim II

21

23

5.3 (0.52)

1

8

6

29

Sex

Family income

Note. M = male, F = female / in relation to monthly family income: range 1 = up to R$1,500.00; range 2 = from R$1,500.00 to R$3,000.00; range 3 = R$3,000.00 to R$5,000.00; range
4 = Above R$5,000.00.

child has to name the figures presented, one by one, on
the screen (boy, girl, moon and sun) and, in the second,
say the opposite noun of the semantic pair (Example:
say “boy” for the figure of the “girl”). Each part has
16 items, presented in a time of 300 ms. For the analyses, the correct responses and reaction time (RT) in
part 2 of the test were used. Evidence of validity can be
found in the study by Trevisan (2010).
Trail Making Test for preschool children (TMT-PS;
Trevisan & Seabra, 2012). It evaluates the cognitive
flexibility ability. In condition A the child has to connect
the stimuli (figures of five puppies) in order of size.
In condition B, figures of bones the same sizes as the
dogs are introduced, and the child must match the
puppies with their appropriate bones, in order of size,
connecting them alternately. The score of sequences
(i.e., items connected correctly in an uninterrupted
sequence) in part B of the test was used. Evidence of
validity and normative data have been published for
preschool children (Seabra & Dias, 2012a).
Attention by Cancellation Test (ACT; Seabra &
Dias, 2012a). It evaluates the selective and alternating

Instruments
Questionnaires (Application in the Child’s First Year in
the Study, Jd-I Or Jd-II)

Questionnaire for Parent Identification (Qpa). It is
completed by the parents and has questions about aspects
of the child, his/her history, development and health, as
well as information for characterization of the family. The
variables selected for analysis were: prematurity; age at
initiation of school; age and schooling of the mother; age
and schooling of the father; and family income.
Questionnaire for Teachers (Qtch). The teachers
were asked to indicate which students, in their
judgment, had some type of difficulty (without specifying whether it was academic or behavioral) when
compared to their class peers.
Evaluation of Executive Functions (Application In Jd-I And
Jd-II)

Semantic Stroop Test (SST; Trevisan, 2010). It
evaluates the ability of inhibitory control. It is computerized and divided into two parts. In the first part, the
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attention. In the first part, a target stimulus among the
other distracter must be cancelled. The same is requested
in the second part, however, two target stimuli must be
canceled when they appear together. In the last part, the
target stimulus changes with each line, requiring the ability
to alternate attention. There is a time limit of 1 minute for
each part. The number of correct responses in the total of
the test was used. The instrument has evidence of validity
and standards available (Seabra & Dias, 2012a).

scores. A national study has already used the task in a
sample of preschool children (Pazeto et al., 2014).
Reading and Writing Task (RWT; Pazeto et al., 2014).
It assesses preliminary reading and writing abilities. It
consists of two phases: in the first, the child receives a
sheet with 8 words and two pseudowords to read, and
in the second, eight words and two pseudowords are
dictated for the child to write. The percentage of correct
responses (ranging from 0 to 100%) in each part of the
test was used. A national study has already used the RWT
in a sample of preschool children (Pazeto et al., 2014).

Assessment of Language Skills (Oral and Preliminary
Writing, Application in Jd-I And Jd-II)

Phonological Awareness Test by Oral Production
(PATO; Seabra & Capovilla, 2012). It evaluates the ability
to manipulate speech sounds. It consists of 10 subtests
that measure different levels of phonological awareness:
syllabic and phonemic synthesis, judgment of rhyme and
alliteration; segmentation, manipulation, and syllabic and
phonemic transposition. Evidence of validity, accuracy
data and standards have been published by Seabra and
Dias (2012b). The total score in the test was used.
Peabody Picture Vocabulary Test (PPVT; Capovilla
& Capovilla, 1997). It evaluates the receptive vocabulary. It is computerized and composed of 125 test items.
Each item is composed of four black line drawings on
white backgrounds. The program emits a word and the
child has to point to the picture that corresponds to the
word being emitted. Evidence of validity and reliability
data in a sample of Brazilian children were presented by
Ferracini, Capovilla, Dias and Capovilla (2006). The total
score of the test was used.
Word and Pseudoword Repetition Test (WPRT;
Seabra, 2013). It evaluates short-term phonological
memory. The applicator pronounces sequences of 2 to 6
words for the child, with the child’s task being to repeat
the words in the same sequence. Subsequently, sequences with pseudowords are presented. One point is computed for each sequence that is repeated correctly. The total
score in the test was used. Evidence of validity and normative data were presented by Seabra and Dias (2012b).
Letter and sound recognition task (LSRT; Pazeto,
Seabra, & Dias, 2014). It evaluates the knowledge of
the child regarding the names of the letters and their
sounds. The letters are randomly presented in capital
letter format to the child, one at a time. In the first
application, the child has to name the letter; then the
procedure is repeated, however, the child is instructed
to say the sound of the letter. Scoring can range from 0
to 26 points in the letters and in the sounds. The total in
each part of the test, letters and sounds, were used as

Assessment of Arithmetic Competency (application in
1st grade)

Arithmetic Test (AT, Seabra, Montiel, & Capovilla,
2013). It evaluates different aspects of arithmetic competence. It has six subtests that allow for the
evaluation of aspects that include writing by extension of numbers presented algebraically and writing
the algebraic form of numbers pronounced by the
applicator, writing increasing and decreasing numerical sequences, comparing numerical quantities, calculating written and orally presented operations and
solving mathematical problems. In this way, the instrument covers the domains of numerical processing and
calculation. The total score in the instrument was used.
Evidence of validity, reliability and normative data are
available in Seabra, Dias and Capovilla (2013).
Procedure

The project was approved by the Research Ethics
Committee (CAAE 02631312.3.0000.0084). Data collection took place at the school over three years. Thus, in
year 1, the letters of presentation of the study and the
consent forms were sent to those responsible for the
participating children. The previously authorized children
participated in the second and third years of the study.
In the three years of the study, the collection
began in the second semester, in mid-August and
finished in mid-October. In each year, all evaluations
took place in a reserved room provided by the school
during the regular class period. When the children were
in Jd-I and Jd-II, they were withdrawn from the room
individually for short periods of time, ranging from
10 to 30 minutes, with the teacher’s permission and
the consent of the student, for the application of the
language and executive functions tests. Each participant was withdrawn at least 6 times to apply the tests,
individually. When the children were in the 1st grade,
the AT was applied collectively, in a single session with
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an average duration of 40 minutes. In addition, at the
time of the entry of the child into the study (Jd-I and
Jd-II for groups 1 and 2, respectively), the parents were
asked to respond to the Qpa and the teachers asked to
complete to the Qtch.

“leave-one-out cross-validation” method was used,
which is a control strategy that aims to minimize overfitting. This method has the advantage of being non-parametric and non-linear. According to Golino and Gomes
(2014), these methods are especially interesting for the
area of educational research because they allow the
analysis of which set of variables best predicts a certain
outcome. In the present study, this analysis was conducted from the general worksheet derived from the five
imputations performed.
In order to select the independent variables that
actually had incremental validity for the explanation of
the dependent variables, the Boruta package (Kursa &
Rudnicki, 2010) was used, this being a package of the
R program (R Core Team 2015) that performs, through
the Random Forest approach, the selection of variables
to compose a predictive model to be tested (Kursa &
Rudnicki, 2010). This process allowed more parsimonious models to be derived, with predictor variables
selected according to their importance in the model.
The Root Mean Square Error (RMSE) was used to
compare the samples (indicates how much the sample
is not able to explain the outcome variable) and the R2,
coefficient of determination, associated with the variability of the outcome variable explained by the variability of the predictors (fit of the model).

Data Analysis

The database preparation stage was started from
the data imputation process. This statistical procedure
is used in studies with missing data, aiming to complete
the data. The procedure starts from the number of initial
subjects and estimates a value for the missing results of
each of the subjects (from their performance at other
times and the performance of children of the same level
at the same time), so that, at the end of the imputation, the database is complete. The imputation process
was repeated five times, creating five complete databases, with this being considered a sufficient number to
obtain acceptable properties, to guarantee greater
effectiveness and reliability of the data. The tree regression, specifically the M5 algorithm, which was used in
this study, is interesting to use because it breaks the
data into parts, in a non-linear way, and then performs
line-res regressions in each of the parts. This non-linear
break is advantageous because it maximizes prediction and allows trawling with samples of different sizes.
Details of the tree technique in educational studies can
be found in Gomes and Almeida (2017), specifically the
method of tree regression. This process is suggested for
use in longitudinal studies, allowing predictive analyses
to be conducted in a relatively robust way (Carpenter &
Kenward, 2013). The R program, version 3.2.2 (R CORE
TEAM, 2015) was used.
A descriptive analysis of the performances of the
participants in the different measures in the different
periods of the study and the Linear Regression Tree
analysis was carried out, in order to verify which cognitive abilities and other variables, measured in ECE, were
important predictors of the performance in arithmetic in the 1st grade. The Linear Regression Tree analysis performed in the R Program, in the RWeka package,
using the M5 algorithm, was conducted to verify which
cognitive abilities and other variables, measured in
ECE, act as predictors of arithmetic competence in the
1st garde, deriving models of the importance of each
variable for the prediction of the outcome variable. The

Results
The preparation of the database for the prediction analysis started with the imputation process.
All the imputations generated presented the Rhat
index < 1.1, which suggests that the data estimated
for all the imputed spreadsheets were reliable estimates and could be used for the subsequent analyses.
This process prepared the database for the regression
tree analysis, which allowed the analysis of the importance of the variables and abilities evaluated in ECE
to predict arithmetic competence in the 1st grade of
Elementary Education. Table 3 presents the descriptive statistics, with the performances of the children
in the AT in the 1st grade and in the other language
measures (oral and preliminary writing) and executive
functions in Jd-I and Jd-II. For the prediction from the
Regression Tree, the results are presented for each of
the five imputations.
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Table 3. Descriptive Statistics of The Performances in the Arithmetic Test by the Children in the 1st Year and in the Tests Of EF, OL and Initial RW
Skills in the Course of Early Childhood Education to the 1st Year
Median

Level

Mean

AT

1st year

15.56

8.01

5

36

Jd1

38.04

40.32

-93.36

173.96

Jd2

44.66

10.30

24.00

64.00

Jd1

0.53

0.58

-1.64

2.49

Jd2

0.72

0.25

0.00

1.00

Jd1

1.54

2.00

-4.81

8.67

Jd2

1.21

0.51

0.00

3.37

Jd1

2.27

1.98

-3.94

9.73

Jd2

2.77

2.09

0.00

10.00

Jd1

10.67

10.18

-20.74

41.73

Jd2

18.20

7.59

5.00

38.00

Jd1

56.41

11.61

14.34

90.44

Jd2

65.03

8.07

49.00

85.00

Jd1

3.94

5.37

-15.34

19.07

Jd2

5.56

1.73

2.00

10.00

ACT_Total
SST correct ' Part 2
SST_RT Part 2 (in seconds)
TMT-PS - part B sequences
PATO
PPVT
WPRT
KL
KS
RWT Writing
RWT Reading

SD

Min

Max

Jd1

15.77

17.64

-37.45

68.97

Jd2

22.61

3.61

11.00

26.00

Jd1

3.00

8.29

-26.85

31.38

Jd2

16.69

6.35

1.00

26.00

Jd1

5.53

31.87

-90.29

111.99

Jd2

54.18

37.53

0.00

100.00

Jd1

0.76

8.37

-25.35

30.33

Jd2

51.63

39.11

0.00

100.00

Note. AT - total performance in the Arithmetic Test / CAT_Total - number of correct responses in the three parts (total) of the Attention by Cancellation Test / SST_correct responses
Part 2 - number of correct responses in the second part of the Semantic Stroop Test / SST_RT Part 2 - mean reaction time in the second part of the Semantic Stroop Test / TMT-PS part B sequences - number of correct items linked in sequence in Part B of the Trail Making Test for preschool children / PATO - total score in the Phonological Awareness Test by Oral
Production / PPVT - total score in the Peabody Picture Vocabulary Test / WPRT - total score in the Words and Pseudowords Repetition Task / KL - total score in the Knowledge of Letters
Task / KS - total score in the Knowledge of Sounds Task / RWT_Writing - percentage of correct responses in the Writing part of the Reading and Writing Task / RWT_Reading - percentage of correct responses in the Reading part of the Reading and Writing Task

The analysis was conducted with the Boruta
package in order to verify which independent variables would have incremental validity to explain the
outcome variable. This analysis was performed for
each of the five samples generated by the imputation
process. These variables, in the order of importance in
the prediction of the outcome, are presented in Table 4.

Note that for each predictor variable there is a percentage of importance, which indicates how relevant this
variable was for the outcome. The Boruta analysis was
conducted in sequence, to confirm which variables were
more relevant for each imputed sample. The confirmed
variables, in order of importance in the prediction of
arithmetic competence, are presented in Table 5.

Table 4. Twenty Most Important Variables Per Sample Imputed in The Prediction of Arithmetic
Is (1)

Is (2)

Is (3)

Is (4)

Is (5)

Variable

%

Variable

%

Variable

%

Variable

%

Variable

%

PatoJd2

100.00

PatoJd2

100.00

PatoJd2

100.00

PatoJd2

100.00

PatoJd2

100.00

WritJd2

68.14

WritJd2

68.14

WritJd2

68.14

WritJd2

68.15

WritJd2

68.14

ReadJd2

63.28

ReadJd2

63.28

ReadJd2

63.28

ReadJd2

63.30

ReadJd2

63.28
continue...
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Table 4. Continuation
Is (1)
Variable

Is (2)
%

Is (3)

Variable

%

Variable

Is (4)
%

Variable

Is (5)
%

Variable

%

KnoLJd2

52.38

KnoLJd2

52.38

KnoLJd2

53.24

KnoLJd2

52.40

KnoLJd2

52.38

KnoSJd2

47.91

KnoLJd1

50.89

KnoLJd2

52.38

PpvtJd1

48.00

KnoSJd2

47.91

PpvtJd2

43.82

KnoSJd2

47.91

KnoSJd2

47.91

KnoSJd2

47.93

PpvtJd2

43.82

Difficulty

34.04

PpvtJd1

43.83

PpvtJd2

43.82

PpvtJd2

43.85

PpvtJd1

43.40

TraBSJd1

30.71

PpvtJd2

43.82

PpvtJd1

37.43

Difficulty

34.08

Difficulty

34.04

PpvtJd1

30.24

Difficulty

34.04

WritJd1

34.27

KnoLJd2

27.58

PatoJd1

31.86

KnoLJd2

25.73

PatoJd1

26.96

Difficulty

34.04

PatoJd1

23.67

WritJd1

31.03

Entrance

23.01

Entrance

26.04

KnoSJd1

33.69

ActTCRJd1

22.84

Entrance

27.44

St2CRJd1

20.92

RttJd1

25.14

PatoJd1

30.76

Entrance

22.13

Income

24.20

19.38

Mother’s
age

19.60

WritJd1

20.26

ActTCRJd1

24.23

Income

24.96

Mother’s
age

KnoSJd1

20.10

Income

23.74

RttJd1

22.84

Income

18.92

ReadJd1

18.64

ActTCRJd1

19.95

Mother’s
age

19.27

ActTCRJd1

22.54

Father’s age

18.00

KnoLJd2

18.57

Mother’s
age

19.46

Father’s age

17.96

Mother’s
age

19.53

ActTCRJd2

17.87

Father’s age

17.96

Income

18.63

ActTCRJd2

17.83

Entrance

18.79

KnoSJd1

15.63

ActTCRJd2

17.83

Father’s age

17.96

St2RTJd2

14.49

Father’s age

17.96

St2RTJd2

14.53

St2CRJd1

16.20

ActTCRJd2

17.83

WritJd1

12.19

ActTCRJd2

17.83

WritJd1

12.99

ActTCRJd1

15.14

St2RTJd2

14.49

St2CRJd2

11.62

St2RTJd1

17.05

St2RTJd1

12.43

St2RTJd2

14.49

Note. % = percentage of importance of the variable; Is = Imputed Sample.
KnoLJd1: Knowledge of letters task (Jardim I); KnoLJd2: Knowledge of letters task (Jardim II); KnoSJd1: Knowledge of sounds task (Jardim I); KnoSJd2: Knowledge of sounds task (Jardim II);
Difficulty: Child with difficulty highlighted by the teacher; Entrance: Age of entrance of the child in the school; WritJd1: Writing test (Jardim I); WritJd2: Writing test (Jardim II); Mother’s
age: Age of the mother when the child started in the study; Father’s age: Age of the father when the child started in the study; ReadJd2: Reading test (Jardim II); PatoJd1: Phonological
Awareness Test by Oral Production (PATO Jardim I); PatoJd2: Phonological Awareness Test by Oral Production (PATO Jardim II); Income: Family income when the child started in the study;
St2CRJd1: Correct responses in part 2 of the Semantic Stroop test (Jardim I); St2CRJd2: Correct responses in part 2 of the Semantic Stroop test (Jardim II); St2TJd1: Reaction time in part 2
of the Semantic Stroop test (Jardim I); St2RTJd2: Reaction time in part 2 of the Semantic Stroop test (Jardim II); ActTCRJd1: Total correct responses in the Attention by Cancellation Test
(ACT Jardim I); ActTCRJd2: Total correct responses in the Attention by Cancellation Test (ACT Jardim II); TraBSJd1: Part B Sequences of the Trail Making Test for preschool children (Jardim I);
RttJd1: Total in the Repetition Test (Jardim I); PpvtJd1: Peabody Picture Vocabulary Test (PPVT - Jardim I); PpvtJd2: Peabody Picture Vocabulary Test (PPVT - Jardim II).

Table 5. Variables Confirmed by the Boruta in Arithmetic Prediction and Results of the Regression Analysis by Imputation Sample and
Confidence Intervals for Arithmetic Prediction
Samples

Variables
Confirmed
(Boruta)

Is (1)

Is (2)

Is (3)

Is (4)

Is (5)

PatoJd2

PatoJd2

PatoJd2

PatoJd2

PatoJd2

WritingJd2

WritingJd2

WritingJd2

WritingJd2

WritingJd2

KnoLJd2z

ReadingJd2

ReadingJd2

ReadingJd2

ReadingJd2

ReadingJd2

KnoLJd2

KnoLJd2

PpvtJd1

KnoLJd2

Difficulty

PpvtJd1

KnoLJd2

KnoLJd2

PpvtJd1

KnoLJd2

KnoLJd2

PpvtJd1

Difficulty

Difficulty

PpvtJd2

Difficulty

Difficulty

PpvtJd2

PpvtJd2

Results of the Regression Tree Analysis
Is (1)

Is (2)

Is (3)

Is (4)

Is (5)

R2
M

SD

RMSE

5.47

5.21

4.54

4.79

4.59

--

--

R2

0.53

0.58

0.67

0.64

0.68

0.62

0.06

0.29-0.64

0.34-0.67

0.48-0.76

0.43-0.73

0.47-0.75

--

--

CI
(Min-Max)

Note. Is - Imputed sample / CI - Confidence Interval.
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Seven variables were maintained in the models,
with the most important being the performance in PA
tasks in Jd-II, preliminary reading and writing abilities in
Jd-II, difficulty highlighted by the teacher, performance
in the knowledge of letters task also in Jd- II (all in five
imputations); performance in vocabulary, in both Jd-I
(four imputations) and Jd-II (three imputations) and,
again, knowledge of letters, however, in Jd-I (three
imputations). Table 4 presents the regression analysis values, including the RMSE and R2. It also presents
the confidence interval values for each of the samples
imputed. All the imputations presented predictor variables capable of explaining the performance in arithmetic, with a mean R2 = 0.62. That is, up to 62% of the
variance in performance in arithmetic in the 1st grade
can be explained by the predictor variables selected,
evaluated in the course of ECE.

of letters), which suggests some fairly early predictors of AC, already in children of 4 years of age. Other
abilities figure as predictors only from Jd-II. It may be
the case that, as the various measures were included
together in the analysis, the performances in Jd-II totally
mediated any possible effect of these same variables
in Jd-I. However, the study analysis does not allow this
hypothesis to be directly tested. In general, however,
the study corroborates the important predictive role of
language in relation to AC (LeFevre et al., 2010; LopesSilva et al., 2016; Zhang et al., 2014; Zhang & Lin, 2015).
Studies, such as that of Lopes-Silva et al. (2016),
have already demonstrated the role of PA in the
prediction of reading skills and numerical writing. The
present findings broaden those of Lopes-Silva et al. by
showing that the PA is predictive not only of numerical
reading and writing, but also of AC evaluated in a more
comprehensive way. These results corroborate previous
findings regarding the association between phonological, semantic and writing skills, including knowledge of
letters, calculation, arithmetic problem solving, mathematical writing, and functioning of the non-symbolic
system (Zhang et al., 2014; Zhang & Lin, 2015). It is possible to raise some hypotheses related to the role of these
abilities in AC, such as that of PA in the process of transcoding between Arabic and verbal representations (for
example, in the Dehaene and Cohen model (1995). At the
same time, knowledge of numbers, of operations, and
even the understanding of the enunciation of arithmetical tasks require vocabulary. For example, when listening
to a mathematical problem, the child has to access the
semantic representations involved, transform the verbal
information into mathematical concepts, and then solve
the problem (Novick & Arnold, 1988).
Furthermore, it is possible that the underlying
mechanisms for letter recognition are at some level
shared with number recognition (for example, in the
Dehaene and Cohen model (1995), occipito-temporal regions are considered in the visual analysis of the
number; and specialized adjacent areas in the left
hemisphere are involved in letter and word recognition). However, this association may reflect the effect of
a third variable, underlying the learning of both letters
and numbers, such as intelligence. In addition, the
association with reading and writing skills is supported
by studies that have shown that children with reading
difficulties also have difficulties in arithmetic (Duncan
et al., 2007; Landerl & Moll, 2010; Zhang et al., 2014).

Discussion
The aim of the study was to investigate predictive
models of AC in the 1st grade from language (oral and
preliminary written) abilities and executives functions
evaluated in the course of ECE, jointly considering the
predictive power of other variables, including those of
SEL and the perception of the teacher regarding difficulties of the child, also in ECE. The findings revealed
variables relevant to the subsequent performance in
AC, in this order: performance in the tasks of PA in Jd-II,
preliminary skills of reading and writing in Jd-II, difficulty highlighted by the teacher, and performance in the
knowledge of letters task also in Jd-II. Four of the five
models also featured the vocabulary performance in Jd-I
and three models featured the vocabulary performance
in Jd-II and knowledge of letters in Jd-I. Even in the variables unconfirmed for all five models/samples, it was
considered that there was consistency in their selection
(they were evidenced in three or four of the five models).
The models generated explained a mean of 62% of the
variance in the AC performance in the 1st grade.
In summary, the data show that AC in the 1st
grade can be consistently and robustly predicted from
language skills in ECE, both oral language abilities
(especially PA, but also vocabulary) as well as preliminary written language abilities, specifically reading and
writing of words and knowledge of letters. It should be
noted that some of these abilities have some predictive power over AC when evaluated in both Jd-I and
Jd-II (as was the case with vocabulary and knowledge
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functions as intermediate predictors of AC (predictors
of oral and written language skills, which in turn predict
AC) or as predictors of more complex outcomes, in more
advanced school levels. Some limitations of the study
should be overcome in the future, such as the small
number of participants that could be monitored over
the years of the study (although the statistical techniques used are specific to minimize sample difficulties),
absence of the assessment of intelligence and sampling
by convenience, selected from a single private school.
The results indicate some new directions for studies in
the field and draw some practical conclusions, suggesting the important predictive role of language (oral and
preliminary written) abilities and the perception of the
teacher, in relation to AC in the 1st grade. Such variables should be considered in the course of ECE, aiming
for the early detection of children at risk of poor performance in arithmetic.

In addition, the difficulty highlighted by the
teacher variable reached importance in the model,
suggesting its role in the consideration and early detection of children who, in ECE, may present risk of poor
AC in the 1st grade. Other studies have highlighted that
the perception and expectations of the teacher seem to
be sensitive in the identification of children with difficulties (Hinnant, O’Brien, & Ghazarian, 2009; Salles &
Parente, 2007), with the present study corroborating
this association and reinforcing its predictive power.
It should be noted that other variables considered
in the analysis were not included in the predictive models,
as was the case with the various SEL variables. However,
this result may be related to the limited variability of these
variables, since the sample was recruited from a single
school and was, therefore, relatively homogeneous. In
addition to the other skills evaluated, it is interesting to
note that measures of executive functions did not appear
to be significant predictors for AC, contrary to part of
the literature (Borella et al., 2010; Duncan et al., 2007;
Gathercole et al., 2004; Toll et al., 2011).
Some hypotheses may be raised for this fact, including: 1) the possibility of the tests used not being discriminatory for this age group; 2) that executive functions were
predictors of oral and written language abilities and these,
in turn, were predictors of AC, that is, the effect of the
executive functions would be mediated by other skills that
comprised the predictive models (this is corroborated by
the relationship between oral and written language skills
and executive functions already observed in preschool
children, as in Pazeto et al., 2014); 3) the study outcome
was AC in the 1st grade, that is, at this school level, this
ability still presents itself at a very initial level, where
the language skills may be more relevant. However, it is
expected that for more complex abilities (such as more
complex calculations) the executive functions may have
greater predictive power. This is consistent with the idea
that school requirements for mathematics vary in each
grade and that cognitive demands for the resolution of
the tasks may also vary (Dias & Seabra, 2013; Menon,
2010); and 4) studies indicate working memory as a
predictor of mathematical performance, although results
are inconclusive with respect to inhibition and flexibility
(Bull & Lee, 2014). Corroborating this idea, the results of
the present study may suggest that inhibition and flexibility are not, in fact, predictor abilities for AC, at least at the
end of the 1st grade.
Given these hypotheses, it is suggested that
future studies could investigate the role of executive

Final considerations
The results allowed the clarification of the
demands and predictive variables of performance in
arithmetic in the 1st grade. Thus, it is suggested that
the perception of the teacher and language skills in ECE
should be considered in the identification of children
who may, in the future, present difficulties in arithmetic.
Implications of the findings include their consideration in
the delimitation of theoretical models of AC that consider abilities and processes relevant to performance in
the different school levels, as well as in the formation of
teachers, orientation of pedagogic teams and structuring
of the curricular with a focus on the early identification
and delineation of preventive models of intervention.
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