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Abstract

Background: the working memory is a cognitive skill that contributes to adequate development of
language and to the acquisition of reading and writing. A consistent evaluation of the working memory in
pre-school and basic school children demonstrates to be important for the early identification of possible
learning impairments. Aim: to evaluate the development of working memory along the first school
grades of basic education and to verify the applicability of the Brown-Peterson Task in the assessment of
this function in children. Method: 103 children, 63 males, with the mean age of 9.75, recruited from 1st
to 6th grades of basic school participated in the study. The children were assessed with the Brown-
Peterson Task, the Digit Span forward and the Digit Span Backward. The results were compared for the
variables of gender, age and grade. Results: the score on the Brown-Peterson Task increased along the
school grades and age groups. A linear decrease in scoring was observed in longer interference intervals. A
positive correlation was found between the Brown-Peterson Task and the Digit Span, yet the Brown-
Peterson Task proved to better differentiate school grades. Conclusion: the study confirmed that working
memory development continues during the basic education years, indicating late maturation of related
brain areas. The Brown-Peterson Task proved to be an adequate tool for the assessment of working
memory in children.

Key Words: Memory; Outcome Assessment; Basic Education.

Resumo

Tema: a memoria de trabalho é uma habilidade cognitiva que contribui para o adequado desenvolvimento
da linguagem e aquisi¢do das habilidades de leitura e escrita. Uma avaliagdo consistente de meméria de
trabalho em criancas pré-escolares e escolares faz-se importante para identificagéo precoce das possiveis
dificuldades de aprendizagem. Objetivo: o presente estudo teve como objetivo avaliar o desenvolvimento
da memoria de trabalho ao longo das séries iniciais do ensino fundamental e verificar a adequagéo da
Tarefa de Brown Peterson na avaliagdo desta fungdo em criangas. Método: participaram do estudo 103
criangas, com a idade média de 9,75 anos, da primeira & sexta série do ensino fundamental. Entre os
participantes, 63 eram do sexo masculino. As criangas foram avaliadas segundo a Tarefa de Brown
Peterson, Digitos Ordem Direta e Digitos Ordem Inversa. O desempenho foi comparado em fungéo das
variaveis: sexo; idade e série escolar. Resultados: o desempenho na Tarefa de Brown Peterson apresentou
funcéo crescente ao longo das séries e faixas etarias. O aumento no tempo de interferéncia produziu
diminuicéo linear na pontuacdo em todas as séries. Correlagdes positivas foram encontradas entre o
desempenho na Tarefa de Brown Peterson e Digitos, sendo que Tarefa de Brown Peterson se mostrou mais
sensivel para diferenciar as séries. Conclusdo: o estudo confirmou que a maturagdo da memoria de trabalho
continua ao longo do ensino fundamental, indicando maturacéo tardia das areas cerebrais relacionadas. A
Tarefa de Brown Peterson se mostrou um instrumento adequado para a avaliagdo de memaria de trabalho
em criangas.

Palavras-Chave: Memoria; Avaliacdo de Desempenho; Ensino Fundamental.
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Introduction

According to the model of Baddeley and Hitch,
working memory is responsible for temporary
maintenance of information in short term storage
and for establishing connections with incoming
information1,2. One of the subsystems described
by that model is the phonological loop in which
acoustic or speech-based information can be held
active for a brief period of time3,4. The development
of capacity to maintain acoustic information in
working memory in children has been assessed and
a correlation with school achievement5, reading
skills6é and age7 has been reported. Working
memory skills show a significantly higher
improvement in first grade students as compared
to preschool children6,8. In Brazil, there are
currently few instruments for working memory
assessment. Most frequently, the Wechsler Digit
Span test9 and the non-words repetition test are
used for working memory assessment in
children6,10. These tests evaluate the capacity of
short term information retention served by the
sound reverberation on the phonological loop11-
12. The Brown-Peterson task, already used with
the Brazilian elderly population13, assesses a short
term memory capacity while reverberation is
suppressed. The purposes of the present study
were to analyze the working memory abilities of
children from 1st to 6th grade in order to trace the
development of short term memory along the initial
elementary education and to verify the applicability
of the Brown-Peterson task in the assessment of
memory skills of children. The following tests were
administered: the Brown-Peterson task parts | and
Il, Forward and Backward Digit Span. The scores
were compared according to gender, age and grade.

Method
Participants

A total of 103 children (63 boys) with mean age
of 9.75 years (SD = 1.98 years) recruited from 1st to
6th grade of elementary school participated in the
study. All participants were students at Child and
Adolescent Center in Sao Paulo, Brazil. No child
with sensorial and motor disabilities was included.
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Table 1 shows the distribution of participants
according to school grade, mean age and gender.

lInstruments

Each participant was individually assessed with
the Brown-Peterson task children’s version11 and
the Forward and Backward Digit Span subtests from
the Wechsler Intelligence Scale for Children9. The
Brown-Peterson task is composed by twenty test
items of different consonants trigrams with low
phonological similarity. The test is divided in two
parts: part | contains trigrams for immediate recall
and part 1l contains 15 trials for recall after an
interference task. In the immediate recall (part 1),
the participant is requested to listen carefully to a
consonant trigram verbally presented in a rate of
one letter per second and to recall it immediately
after the presentation. Five different trials are
presented. In the interference task (part Il), the
participant is requested to recall the consonant
trigram only after an interval delay, during which
the child counts backward starting from a random
number of two digits presented by the examiner
immediately after the trigram. At the end of the
interval delay of 3, 9 or 18 seconds, the child is
asked to recall the trigram. For each time delay, there
are five trials in random order. The total score sums
up to 60 points, being added one point for each
letter correctly recalled.

In the Forward Digit Span, the child is asked to
listen to increasing strings of digits and to
immediately recall them. In the Backward Digit Span,
the recall is done in reverse sequence. The score is
the total number of correct recalls.

Procedures

The study was initially approved by the Ethics
Committee of Universidade Cruzeiro do Sul under
protocol number 008/2008. Participation in the study
was voluntary and legal representative of each child
signed a Consent Form. Participants underwent two
separate testing sessions of 20 minutes each. The
sessions took place from May to June of 2008 at
the Child and Adolescent’s Center located in Sdo
Paulo.

Vaz et al.
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TABLE 1. Distribution of participants according to school grade, mean age and gender.

Grade 15 2" 3 4" [ 6" Total
Age 6.89 772 8.72 990 1094 1181 943
SD (0.93) (0.75) (0.57) (0.71) (0.43) (1.25) (1.66)

Males
4 7 15 21 12 4 63

Total
9 18 18 30 17 11 103

Results

The total score in the Brown-Peterson task was
analyzed through ANOVAs for gender, age and school
grade. There was a significant group effect for age
(F[7,95] =2.814; p<0.01), grade (F[5,97] =4.854; p
<0,01) but not for gender (F[1,101] =0.935; p < 0.05).
For the age variable, the descriptive mean scores were
asfollows: 6 years M = 31.33 (SD =3.51); 7 yearsM =
34.50 (SD = 7.69); 8 years M = 35.94 (SD =7.51); 9
yearsM =36.53 (SD =7.15); 10yearsM =40.50 (SD =
7.90); 11 yearsM =37.58 (SD=5.82) and 12 years M =
44.00(SD=7.96).

Further analyses are described only for the school
grade variable since it presented the highest main
effect. Post hoc analysis indicated improvement on
Brown-Peterson score along the grades. Children in
6th grade scored significantly higher than those in
5th, 4th, 3rd, 2nd and 1st grade. ANOVASs were run for
the score on Brown-Peterson part | and I1. In part I,
participants performed immediate recall while in part
11, the recall was done after interference task. No effect
was found for part | (F[5,97]=1.157; p>0,05) due to
near ceiling performance in all grades indicating that
immediate recall of three letters is an easy task even
for 1st grade students. In part 11, main effect was found
for grade (F[5,97]=4.800; p < 0.001). Post hoc analysis

Meméria de trabalho em criancas avaliada pela Tarefa de Brown-Peterson.

indicated that 6th grade children scored significantly
higher in part 11 than all the other grades and that 1st
grade students presented significantly lower scores
than all other grades. Repeated measures ANOVAs of
items with the same interval delay of 3, 9 and 18 seconds
showed main effect for time (F[1,97] = 71.507; p <
0.0001) but no interaction of time with school grade
(F[5,97] = 1.416; p > 0.05). The results indicate a
constant score decrease after longer delays in
children of all grades. The mean scores and standard
deviations are presented in Table 2.

ANOVAs revealed significant among grades score
difference in Backward Digit Span (F[5,97] =2.398; p <
0.05) but not in Forward Digit Span (F[5,97] =1.786; p
> 0.05). Post hoc analysis indicated poorer
performance in 1st grade as compared to the children
in 2nd, 3rd, 4th, 5th and 6th grade. The mean scores
are displayed in Figure 1.

Pearson correlation was calculated for
Brown-Peterson task part I, part I, Forward and
Backward Digit Span. A positive correlation was found
between part I and Forward Digit (r=0.402; p < 0.001),
part Il and Backward Digit Span (r = 0.356; p < 0.01),
and Forward and Backward Digit Span (r=0.348; p <
0.01).
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TABLE 2. Mean scores on Brown-Peterson task for grades and interval delays of 3, 9 and 18 seconds. The mean
scores and standard deviation are reported.

Grade N M SD 3seconds  SD 9seconds  SD 18 seconds SD

1 9 29.67 5.00 5.89 2.80 5.67 2.83 3.44 2.07
2 18 36.22 6.26 9.67 2.95 7.06 2.04 472 2.85
3 18 37.00 7.03 9.17 2.85 7.50 2.73 5.56 3.17
4 30 39.73 8.35 10.77 2.58 7.53 3.46 6.83 351
5 17 38.12 571 10.06 2.70 6.94 2.61 6.29 2.85
6 11 44.18 7.68 11.73 3.07 10.00 2.90 7.45 3.08
Total 103 37.97 7.70 9.85 3.08 7.45 2.99 5.92 3.23

FIGURE 1. Mean scores in Backward Digit Span for 1% to 6 grade.
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Discussion

In the current study working memory of children
from elementary education was assessed through
the Brown-Peterson task. The results showed that
working memory performance improves gradually
along the school grades and age. This result is
consistent with studies showing late maturing of
neural areas correlated with working memory and
executive functions, such as frontal and prefrontal
cortex14. In the present study, a significant working
memory improvement was observed after transition
from 1st to 2nd grade and from 5th to 6th grade.
Although there was a continuous improvement
from 2nd to 3rd to 4th grade, these differences were
not significant. A possible correlation between
working memory improvement and other variables
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which were not controlled for in this study, such as
reading and writing development, should be
investigated in the future studies. The progressive
improvement in working memory performance was
also found in a study with Canadian children with
ages from 9 to 15 years15. Comparing the Canadian
scores with the ones of Brazilian children for each
age group, only small differences were found: 9
years (37.1 Canadians X 36.5 Brazilians), 10 years
(38.2 X 40.5) and 11 years (40.3 X 37.6). The scores
of Canadian teenagers with 15 years of age did not
reach the level of adults which indicates that the
development of working memory continues into
adolescence.

Vaz et al.
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The interference effect on working memory,
possibly through a suppression of verbal
reverberation during the delay period, was evident
on the decrease in performance observed in a similar
way in all assessed grades. Considering that the
Brown-Peterson task requires divided attention and
working memory, the results of this study indicate
that although children in higher grades improve in
these skills, they suffer from the same interference
effect as children in earlier grades.

Concerning the Brown-Peterson task
applicability for the assessment of memory skills in
children, the results showed a positive correlation
with Digit Span, a widely recognized working
memory measure. Other studies have also found
correlation between the Brown-Peterson task and
the Backward Digit task16 and factor analysis
loaded on a factor of working memory and divided
attentionl17.

In this study, the Brown-Peterson task revealed
greater power to discriminate among the grades
than the Digit Span. This may be due to the higher
number of trials in the Brown-Peterson task
resulting in a larger spectrum of total scores. Tasks
such as the Brown-Peterson, with a constant
number of stimuli and varying interference delay,
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