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The Mini-Mental Examination for Children (MIMC)
Evidence of validity for children with learning difficulties

Larissa de Souza Salvador'™, Ricardo Moura?, Fernanda Oliveira Ferreira3,
Peterson Marco Oliveira Andrade?, Maria Raquel Santos Carvalho®, Vitor Geraldi Haase®’

ABSTRACT. The Mini-Mental Examination for Children (MMC) is a widely used tool for assessing global cognitive deficits,
however,is still unknown whether MMC is sensitive for investigating cognitive profiles associated with learning difficulties (LD).
Objective: Here we investigate the feasibility of using the MMC for screening school-aged children with learning difficulties
in spelling and math. Methods: The MMC and other neurophysiological tests were administered to a sample of 168 children,
aged 7 to 12 years. The sample was subdivided into a Control group and LD group (Math Difficulties, Spelling Difficulties,
Math and Spelling Difficulties). Diagnostic accuracy was assessed with ROC analysis. Convergent and divergent validity was
assessed using correlation analysis. Results: Performance on the MMC was associated with nonverbal intelligence, age and
school achievement. The LD group had significantly lower performance on the MMC than the Control group. Performance
on the MMC discriminated LD children with a global accuracy of around 0.80. Associations between the MMC and the other
neuropsychological variables were higher for finger gnosis (r=0.40) and generally higher for early elementary school grades. The
MMC proved satisfactory for identifying LD children with good accuracy. Nonverbal intelligence, and perceptual/motor abilities
play an important role in MMC performance. Conclusion: The MMC could be a useful instrument for screening children with LD.
Key words: neuropsychological tests, learning disorders, intelligence, psychomotor performance, spatial processing.

MINI-EXAME DO ESTADO MENTAL PARA CRIANGAS (MMC): EVIDENCIA DE VALIDADE PARA CRIANGAS COM DIFICULDADES
DE APRENDIZAGEM

RESUMO. Mini-exame mental para criangas (MMC) é uma ferramenta amplamente utilizada para avaliar déficits cognitivos
globais, no entanto, ainda é desconhecido se a MMC € sensivel para investigar perfis cognitivos associados a dificuldades
de aprendizagem. Objetivo: Aqui nds investigamos a viabilidade de usar MMC para triagem de criangas em idade escolar
com dificuldades de aprendizagem em ortografia € matematica. Métodos: MMC e outros testes neuropsicologicos foram
administrados em uma amostra de 168 criangas de 7 a 12 anos de idade. A amostra foi subdividida em um Grupo Controle
e um grupo LD (dificuldade na matematica, na escrita, ou na escrita e na matematica). A acuracia diagndstica foi analisada
através de uma analise de curva ROC. A validade convergente e divergente foi investigada através de analises de correlagoes.
Resultados: A performance no MMC foi associada com a inteligéncia ndo verbal, idade e desempenho escolar. O grupo LD
apresentou desempenho significativamente inferior ao Grupo Controle no MMC. A performance no MMC pdde identificar
criangas LD com uma acurécia global em torno de 0.80. As associagOes entre MMC e outras varidveis neuropsicologicas
foram maiores para gnosias digitais (r=0.40) e em geral, mais altas nas séries iniciais. 0 MMC se mostrou satisfatdrio para
identificar criangas LD com uma boa acurdcia. A inteligéncia ndo verbal, habilidades perceptivas/motoras tem um importante
papel na performance no MMC. Gonclus@o: O MMC pode ser um instrumento Util para o rastreamento de criangas com LD.
Palavras-chave: testes neuropsicologicos, disturbios da aprendizagem, inteligéncia, desempenho psicomotor,
processamento espacial.
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chool performance is an important economic asset.

Persistent learning difficulties are a main cause of
referral for school psychologists and health profession-
als, as it is associated with negative long-term outcomes,
such as low wages and employability and internalizing
and externalizing disorders.*

Persistent low achievement is associated with risk
factors such as socio-economic-cultural deprivation,?
parental involvement,® pedagogical inadequacies,*
emotional disorders,> intellectual disability,” genetic
syndromes,® chronic diseases, such as asthma and dia-
betes,*° sensorimotor impairment and neurological
112 and specific learning difficulties®**
Proper management depends on accurate diagnosis.
Diagnosis should be informed through detailed clini-
cal and neuropsychological assessments.*

Brief cognitive procedures could be useful in the
screening of school performance difficulties and
ascertainment of referral need. Quick and accurate
screening could optimize time and resource alloca-
tion in busy school psychological and health practices.
Cognitive screening has been used successfully in the
case of age-related dementing illnesses. Instruments
such as the Mini-Mental State Examination*’(MMSE)
and the Frontal Assessment Battery (FAB),'® have
been successfully integrated into geriatric and geron-
tological practice. Brief cognitive screening instru-
ments have been less successful in the pediatric set-
ting.” Problems with cognitive screening in children
relate to the use of poorly standardized measures,*
parental report,'® unknown correlations with 1Q,*
requirements on motor dexterity,?? literacy require-
ments,” and lack of developmental sensitivity.??

There are numerous neuropsychological batteries
for assessing children’s cognitive processes.? These
batteries are usually domain-specific, require trained
psychologists and long application times. There is a
need for simple cognitive assessment screening tasks
that will facilitate screening of a range of cognitive
domains in a short period.?® Such tasks could be inte-
grated into child care routines, assisting in the early
detection of cognitive deficits.

The Mini-Mental State Examination (MMSE)*¢ was
designed to screen cognitive dysfunctions, assess the
severity of impairments, and identify changes over
time in elderly individuals with suspected dementing
illness. The MMSE is widely used for evaluation of
age-related cognitive decline,'” but is seldom used for
cognitive deficits or developmental delays in children.
A child-adapted MMSE version had a short applica-
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tion time (5-7 minutes) across a wide age range (3-14
years).?*?” Understanding of the instructions was
independent of socioeconomic status and educational
level. Pediatric versions of the MMSE have been used
in several countries.?®*3% A previous investigation
of Brazilian children suggests that the Mini-Mental
State Examination for Children (MMC), a child ver-
sion of the MMSE, is useful for rapid assessment of
children with cerebral palsy, providing evidence of
validity and normative values.® It is still not known
whether the MMC can reliably distinguish between
typically-achieving children and children referred for
learning difficulties in the school context. Establish-
ing MMC accuracy in children with learning difficul-
ties can help improve cognitive assessment by school
psychologists and health professionals in schools,
primary care, and neurorehabilitation centers.

We investigated the feasibility of using the MMC,
a modified version of the MMSE, for screening
school-aged children with school achievement prob-
lems in Arithmetic, Spelling, or both. Performance on
the MMC was also analyzed according to age and sex.

METHODS

Sample

We assessed 168 children (48.8% females) aged 7 to
12 (mean=9.76; SD=1.49) years, from the first to sixth
grades in regular public schools. Participants were
assessed in two phases. First, we performed a classifi-
cation assessment using the Arithmetic and Spelling
subtests of the Brazilian School Achievement Test
(TDE),**** and the RavenColored Progressive Matrices
(CPM) test** In the second phase, children were
submitted to an individual neuropsychological assess-
ment, described below.

Children performing above the 25% percentile on
Spelling and Arithmetic TDE subtests were classified
as Controls (n=106). Those performing below the 25%
percentile on Arithmetic, Spelling and on both sub-
jects were classified as Math Difficulties (MD, n=36),
Spelling Difficulties (SD, n=13), or Math and Spell-
ing Difficulties (MSD, n= 13), respectively. The group
of children comprising these three groups was called
Learning Difficulty (LD). Children who had missing
data in the tasks were excluded from the sample.

Informed consent was obtained in writing from
parents and orally from children. Research procedures
conformed to the Helsinki Declaration and were pre-

viously approved by the local research ethics board
(COEP-UFMG ETIC42/08).



Assessment tools

Group classification criteria were operationalized using
instruments to assess arithmetic and word spelling
performance. Nonverbal intelligence, fine motor skills,
finger gnosis, visuospatial and visuoconstructional
skills, visuospatial and phonological working memory,
and word fluency were used as possible convergent and
divergent validity indicators for the MMC.?* All instru-
ments are described below.

Mini-Mental State Examination for Children (MMC). The MMC
was adapted for children according to Jain and Passi
(2005)%(see Moura et al., 2017 for the Brazilian
version).** Preliminary versions of the MMC were
prepared by two senior researchers with experience
in neuropsychological assessment. The final version
was decided by consensus. To increase develop-
mental sensitivity, different geometric figures were
required for each age level. Choice of age-appropriate
geometric figures was based on the Brazilian devel-
opmental neurological exam (“Exame Neuroldgico
Evolutivo”).* The adapted version of the MMC
comprises 13 items and assesses five cognitive abili-
ties (orientation, attention and working memory,
episodic memory, language and constructional
praxis) with a maximum score of 37.3*

Raven’s Coloured Progressive Matrices (CPM). Nonverbal
intelligence was assessed using the age-appropriate
Brazilian validated version of Raven’s CPM.?* Anal-
yses were based on z-scores calculated from general
population parameters provided in the test manual.

Brazilian School Achievement Test (TDE). The Brazilian
School Achievement Test®**® is a standardized test.
Norms include children from the 1° to 6™ grades. It
is composed of three subtests: single word Reading,
Spelling and Arithmetic. We used the Arithmetic and
Spelling subtests. The Arithmetic subtestis composed
of three simple orally presented word problems and
45 written arithmetic calculations of increasing
complexity. The Spelling subtest consists of dicta-
tion of 34 words of varying degrees of frequency,
complexity and concreteness, occurring in the final
position of orally presented sentences. The TDE has
been used in several Brazilian studies of children with
learning difficulties, demonstrating both reliability
and validity.***” Analyses were based on local stan-
dards provided by Oliveira-Ferreira et al. (2012).3

The domains and instruments below were used in
the neuropsychological assessment. Motor dexterity

Dement Neuropsychol 2019 December;13(4):427-435 W

was assessed using the mean times of execution for
each hand in the Nine-hole Peg Test (9HPT).?® Finger
gnosis was assessed using the total accuracy score of
the finger localization task.* Visuospatial, visuocon-
structional and planning abilities were assessed using
the copy of Rey’s complex figure.*® The reverse digit
span** and Corsi blocks*? tests were used to assess
the executive component of working memory. Verbal
semantic access and association/categorization were
assessed using a word fluency test for the categories
Animals, Body Parts, Foods, and words beginning
with E A, and S.4°

Procedures

All children from first to sixth grades in all the partner
schools were invited to join the study. Only children
whose parents returned the written consent could
participate. Nonverbal intelligence and school achieve-
ment assessments were performed in groups of approx-
imately 6 children in the classification phase. The
neuropsychological tests were applied in two individual
sessions of approximately 30 minutes each. All proce-
dures were conducted in quiet rooms in the children’s
schools. Order of application of neuropsychological tests
was pseudo-randomized into two different sequences.

Statistical analyses

All analyses were performed using the SPSS statistical
program, considering a 95% level ofstatistical signifi-
cance.Descriptive statistics were performed to charac-
terize groups regarding age, sex and nonverbal intelli-
gence. One-way ANOVAs were conducted to compare
school achievement groupsfor MMC performance.
ROC analyses were performed to verify MMC accuracy
to discriminate the cognitive performance between
controls and children with learning difficulties. Pearson
correlations were used to explore the associations
between MMC scores and neuropsychological tests. All
statistical analyses used age-standardized z-scores in
order to control for age differences.

RESULTS

Results are presented in four main sections: 1) School
achievement, age, and nonverbal intelligence; 2) MMC
performance according to age, sex and school achieve-
ment; 3) Diagnostic accuracy of the MMG; 4) Neuropsy-
chological correlates of the MMC.

School achievement, age, and nonverbal intelligence
After the classification, 106 children (mean age=9.83;
SD=1.41 years) performed above the 25th percentile
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in both Spelling and Arithmetic tasks, and therefore
formed the Control group. The MD group consisted
of 36 children (mean age=9.42; SD=1.61 years), and
the MSD group was composed of 13 children (mean
age=9.38; SD=1.75 years). The SD group consisted of 13
children (mean age=10.54; SD=1.26 years).

There were no significant differences between
groups regarding age (F=2.21; df=3; p>0.05) or sex
(x*=4.75; df=3, p>0.05). We calculated ANOVAs
to investigate differences in nonverbal intelligence
among groups. Differences were significant (F=7.09;
df=3; p<0.002); the post-hoc Bonferroni analysis
showed that the Control group had higher nonverbal
intelligence than both the MD (p<0.002) and MSD
(p<0.016) groups. The SD group did not differ sig-
nificantly from other groups, and the MD and MSD
groups showed similar scores.

MMC performance according to

age, sex, and school achievement

Age. A linear regression analysis was conducted to inves-
tigate changes in MMC performance according to age
(raw score on MMC was used as dependent variable).
MMC scores and age showed a significant, though
weak, correlation (r=0.33, p<0.01). There was a signifi-
cant association between age and MMC performance
(R*=0.10, b=0.052, p<0.001).

Differences regarding MMC performance among
age groups were significant (F=5.93; df=5, p<0.001).
Post-hoc Bonferroni analyses revealed significant
performance differences between 7 and 10, 11
and 12 years (all p<0.001). No other ages differed
significantly.

Grade. Global grade differences were significant (F
=7.96;df=5&162,p<0.001).Post-hocBonferronianal-
yses revealed significant differences between grade 1
and grades 4 (p<0.001), 5 (p<0.02) and 6 (p<0.001).
Grade 2 differed significantly from both grade 4
(p<0.047) and grade 6 (p<0.004). Grade 3 differed
significantly from both grade 4 (p<0.02) and grade
6 (p<0.002). No other grades differed significantly.

Sex. There was no significant difference regarding
MMC performance (t=1.94; p=0.055) between
females (mean=0.14; SD=0.87) and males (mean=
0.15; SD=1.07).

School achievement. Figure 1 shows the performance on
the MMC of the different groups according to school
achievement. Global differences were significant

430 Mini-mental Examination for children (MMC) Salvador et al.

1

MMC performance (z score)
o
]
-

Of-----

-2 : . i
o -~ =
—4 -
I I | |
Contol  MD MSD sD

Group
MD: Math Difficulties; SD: Spelling Difficulties; MSD: Math and Spelling Difficulties.

Figure 1. Performance of school achievement groups on MMC.

regarding performance on the MMC of the different
groups according to school achievement (F=19.28,
df=3, p<0.001). Post-hoc Bonferroni analyses
revealed that the Control group had significantly
higher scores on the MMC (mean=35.10; SD=1.60)
than all other groups (all p<0.05). Comparisons
for the MSD group revealed significant differences
between this group and the other three groups (all
p-values<.001), with the MSD group showing worse
performance (mean=29.00; SD=3.85). MMC scores
for the MD (mean=32.94; SD=3.11) and SD groups
(mean=33.69; SD=2.84) did not differ significantly.

Diagnostic accuracy of the MMC
To verify the validity of the test according to the chil-
dren’s age range, the sample was further divided into two
groups. The Early Elementary School Group (EES) was
composed of children from 1%, 2™ and 3" grades (n=68,
mean age=8.34; SD=0.89), since these grades showed
similar performance on the MMC. The Late Elementary
School Group (LES) was formed by children from 4%, 5%
and 6% grades (n=100, mean age=10.73; SD=0.74), as
children from these grades also showed similar perfor-
mance on the MMC. Table 1 shows sample sizes of
groups according to school performance and grade level.
Accuracy of the MMC for distinguishing between
typical children and those with Learning Difficulties
(LD) was estimated by means of ROC analysis (Figure
2). Results of the diagnostic accuracy were divided into
the two School Groups. In the EES, the ROC analysis



yielded AUC=0.814, SE=0.057, p<0.001, 95%CI: 0.703-
0.95, and in the LES values were AUC=0.700, SE=0.058,
p=0.001, 95%CI: 0.586-0.814.

Table 2 presents cumulative percentages of chil-
dren according to MMC performance. The best
threshold of the MMC ROC curve for distinguishing
between children with and without school achieve-
ment problems was set as a cutoff of 31 in the EES
group and 33 in the LES group. These criteria pre-
sented a good relationship between sensitivity and
specificity for both groups (Table 3). Using these cri-
teria, it was possible to identify approximately 50% of
children with LD. The opposite scenario was observed
in the Control group, which presented 5% of children
below the cut-off in the EES and, 6% of children below
the cut-off in the LES.
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Table 1. Distribution of TDE groups according to school groups.

TDE Early elementary school Late elementary school
groups (n=68) (n=100)
Control 39 67
MD 18 18
MSD 8 5
SD 3 10

MD: Math Difficulties; SD: Spelling Difficulties; MSD: Math and Spelling Difficulties.

g

Neuropsychological correlates of MMC <
MMC performance was associated with that of all other
neuropsychological tasks (see Table 4). Correlations .
of EES and LES groups are presentedin the upper and
lower triangles, respectively. In general, correlations
decreased with increase in the grades, ranging from ° 1 Sowz axcoreser-on I '
0.09 to 0.52 for the EES and —0.03 to 0.31 in the LES. b =0 “mm“’ 2 .
No speciﬁc pattern of correlates emerged. The higheSt Group 1: Early Elementary School; Group 2: Late Elementary School.
correlation was between the MMC and the finger gnosis
task in both groups. All significant correlations are indi- Figure 2. Diagnostic accuracy of the MMC for distinguishing
cated in Table 4. between children with and without learning difficulties.
Table 2. Cumulative percentages of children according to the MMC score.
Cumulative Cumulative Cumulative Cumulative
MMC score EES Percentage MMC score EES Percentage MMC score LES Percentage MMC score LES Percentage
Control group 31 51 LD group 23 6.9 Control group 29 15 LD group 27 3.0
32 15.4 25 10.3 32 3.0 28 6.1
33 28.2 27 24.1 33 6.0 30 12.1
34 51.3 28 34.5 34 19.4 31 15.2
35 7.8 29 379 35 38.8 32 333
36 923 30 517 36 746 34 455
37 100.0 31 58.6 37 100.0 35 69.7
N 39 32 69.0 n 67 36 87.9
33 724 37 100.0
34 82.8 n 33
35 93.1
36 96.6
37 100.0
n 29
EES: early elementary school; LES: late elementary school.
Salvador et al. Mini-mental Examination for children (MMC) 431



W Dement Neuropsychol 2019 December;13(4):427-435

Table 3. Cut-off scores for the two groups on the MMC according to sensitivity and specificity.

MMC score EES Sensitivity Specificity MMC score LES Sensitivity Specificity
22.00 0.000 0.000 26.00 0.000 0.000
24.00 .069 0.000 27.50 .030 0.000
26.00 103 0.000 28.50 .061 0.000
27.50 241 0.000 29.50 .061 .015
28.50 .345 0.000 30.50 121 015
29.50 379 0.000 31.50 152 .015
30.50 517 0.000 32.50 .333 .030
31.50 .586 .051 33.50 .333 .060
32.50 690 154 34.50 455 194
33.50 724 282 35.50 697 .388
34.50 828 513 36.50 879 746
35.50 931 718 38.00 1.000 1.000
36.50 .966 923
38.00 1.000 1.000
EES: early elementary school; LES: late elementary school.
Table 4. Correlation analysis between MMC and neuropsychological tasks according to school grade.
Mm @ @ @ 6 66 O @ @ @ )y @
(1) MMC total A4~ -04  -03 27 25 31 A7 25 19* 13 22
(2) CPM Raven Z score 35 =23 —09 .23* .05 .16 A5 327 307 -01 18
(3) Nine-hole peg test: dominant hand =34 — 48 .80 -.01 -12 -06 -11 -10 -09 -15 -08
(4) Nine- hole PEG TEST nondominanthand  -.36" -47" .70" -.01 -04 -02 -02 -01 -.01 =101 .02
(5) Finger gnosia right hand 39" 467 =347 34T 357 .83 15 .08 .06 12 -10
(6) Finger gnosia left hand 19 477 -16 -25 57 79" .01 18 .04 A .07
(7) Finger gnosia Total 32" 52" =28 -33° 87" 89" .08 12 .07 14 -.03
(8) Rey Figure Copy 43" .21 -24 427 30 19 27 19 13 .09 36"
(9) Digit Span backward 38" 43" -08 -25 18 14 19 .20 .09 .09 .16
(10) Corsi Blocks backward .21 27 -22 =390 a7 .21 .23 .23 27 200 a1
(11) Verbal word fluency 31 A7 =290 -38" 337 .22 327 -04 A1 19 3k
(12) Orthographic word fluency 24 .09 -16 -22 32" 26" 320 =12 .09 -12 43"
*p<0.05; **p<0.01
432 Mini-mental Examination for children (MMC) Salvador et al.



DISCUSSION

We investigated the use of the MMC for screening
school-aged children with Learning Difficulties (LD).
The MMC was applied with other neuropsychological
measures in a group of 168 children with and without
LD (performance below the 25" percentile in Arith-
metic and word Spelling tasks). Our main results were:
a) no between-sex differences in performance on the
MMC were observed; b) performance on the MMC was
associated with nonverbal intelligence, age/grade and
Arithmetic and Spelling achievement; c) groups with
MD and MSD had significantly lower performance on
Raven’s CPM; d) all LD groups had significantly lower
performance on the MMG; e) performance on the MMC
distinguished LD children with global accuracy of 0.814
in early grades and 0.703 in later grades; f) associations
between the MMC and other neuropsychological vari-
ables were higher for finger gnosis (r=0.40), and gener-
ally higher for early elementary school grades.

In the ensuing sections, we discuss the neuropsy-
chological correlates of the MMC, including general
cognitive processing resources and perceptual/motor
abilities, as well as its diagnostic accuracy and clinical
relevance

Neuropsychological correlates of the MMC:

general cognitive processing resources

One of the most salient results was a correlation
of r=0.44 for younger and r=0.35 for older children
(r=0.39 for whole sample) between MMC performance
and nonverbal intelligence. Children with LD had lower
performance on Raven’s CPM in comparison with the
Control group (d=0.428). This suggests that some
aspects of general nonverbal intelligence are assessed
by the MMC. Normal, but low, nonverbal intelligence
is a frequent finding in children with learning disabili-
ties such as dyslexia and dyscalculia® and, together
with general cognitive resources like executive func-
tions, has been emphasized in recent models of LDs.*
Recently, executive deficits in a large sample of teen-
agers with mathematical learning difficulties were
reported.” Concerning learning disabilities, according
to Johnson (2012), a single specific or modular deficit,
such as phonological processing impairment in dyslexia
or numerical processing impairment in dyscalculia,
may not be enough to characterize the individual's
performance as impaired. Therefore, general cognitive
resources can act as a protective factor for the more
specific cases of learning disabilities, like dyslexia and
dyscalculia, and also for more heterogeneous multi-
factorial cases, such as children with LD. When these
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resources are available, specific deficits or difficulties
may be compensated and performance less affected. A
disorder may only be characterized when compensa-
tory resources are not available, and the performance
impairment overcomes a given threshold. Results are
consistent with the importance of general cognitive
resources in the impairments observed in LD children,
such as the those assessed by the MMC.

Neuropsychological correlates of the MMC:

perceptual and motor abilities

Results also indicated that perceptual and motor impair-
ments present in children with LD may be identified by
the MMC. Performance on the MMC was correlated
with two important neuropsychological markers: motor
dexterity and finger gnosia.

Deficits in perceptual and motor performance are
an important correlate of LDs. This has been known
for decades, and several developmental neurological
exam schedules have been proposed.*® IQ is corre-
lated with motor abilities in both typical and atypi-
cally developing children.*® Perceptual-motor abnor-
malities are an important predictor of behavioral and
school learning difficulties.’® Impairments in bal-
ance,*” handedness,* and body representation® have
been observed in dyslexia and dyscalculia. Denckla
(2003)*° has called attention to the role of perceptual/
motor impairments in the diagnosis of LDs. Percep-
tual and motor impairments may indicate a probable
neurological etiology of the difficulties and, at the
same time, may co-localize the level of dysfunction in
the neuraxis. The MMC may thus be useful to identify
accompanying perceptual/motor disorders quickly in
children with LDs.

Diagnostic accuracy: the MMG in clinical practice

Overall, the MMC was abletoidentify LD children
with an accuracy of around 80%. A cut-off score of 31
for young children allows the instrument to correctly
identify 58% of children with LD, and 5% of children
without LD. For older children, a cut-off score of 33 is
able to correctly identify around 50% of children with
LD, and 6% of children without LD. Our sample size
was too small to analyse specific profiles for different
LD subtypes (n=13 in the MSD and SD groups). This
limitation notwithstanding, results indicated that the
MMC could be used in clinical practice as a reasonably
sensitive and specific instrument for screeningchildren
with LDand normal nonverbal intelligence.The MMC
seems to be more sensitive and specific for detecting
LD in younger than in older children. Higher clinical
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value should be ascribed to positive results in younger
children than to negative results in older children. It is
important to note that the MMC constitutes a screening
instrument andis thus not a substitute for comprehen-
sive neuropsychological assessment. It can be of most
use in busy dinical practices, identifying red flags indi-
cating referral for more specialized diagnosis and care.

Limitations and future directions

Despite adding new and relevant insights for the
current literature, the findings of the present study
have to be seen in light of some limitations. First, we
did not control the effect of contextual variables such
as socioeconomic status and school setting. Although in
Brazil the majority of students in public schools come
from low-middle and low socioeconomic classes, there
are still some variations in family incomes and educa-
tional level that can account for at least a small part of
the effects reported here. Furthermore, teaching quality
can also vary among public schools.

Besides addressing socioeconomic factors, future
studies should also involve larger samples in order
to evaluate the accuracy of the MMCfor distinguish-
ing different profiles of learning difficulties, and

also using different methodological designs, so that
other evidence of validity,such as test-retest, can be
provided.

Acknowledgments. The authors thank the children,
their parents, and also the principals of the schools
for taking part in this study. We thank Mr. Peter
Laspina, from ViaMundi Idiomas e Tradugbes for
reviewing this manuscript. This study was supported
by grants from the Fundac¢io de Amparo a Pesquisa do
Estado de Minas Gerais (FAPEMIG, APQ-02755-SHA,
APQ-03289-10, APQ-02953-14, APQ-03642-12).
LSS is supported by Coordenacio de Aperfeicoa-
mento de Pessoal de Nivel Superior (CAPES). VGH
is supported by a CNPq fellowship (409624/2006-3,
308157/2011-7, 308267/2014-1) and Programa de
Capacitacdo em Neuropsicologia do Desenvolvim-
ento (FEAPAEs-MG, APAE-BH, PRONAS-Ministério
da Saude, Brasil). VGH participates in the INCT-
ECCE, which is supported by the following grants:
FAPESP: 2014/50909-8, CNPQ: 465686/2014-1,
CAPES: 88887.136407/2017-00. MRSC is supported
by a CNPq fellowship (312068/2015-8).

REFERENCES
1.

Parsons S, Bynner J. Does Numeracy Matter More? National Research
and Development Centre for Adult Literacy and Numeracy 2005:1-37

2. Piccolo LR, Arteche AX, Fonseca RP, Grassi-Oliveira R, Salles JF. Influ-
ence of family socioeconomic status on 1Q, language, memory and exec-
utive functions of Brazilian children. Psicol Reflex Crit. 2016;29(1):23.

3. Jeynes WH. The relationship between parental involvement and urban
secondary school student academic achievement:A meta-analysis. Urb
Educ. 2017;42(1):82-110.

4. Swars SL, Daane CJ, Giesen J. Mathematics Anxiety and Mathematics
Teacher Efficacy:What is the Relationship in Elementary Preservice
Teachers? Sch Sci Math. 2006;106(7):306-15.

5. Carey E, Hill F, Devine A, Szlcs D. The chicken or the egg? The direc-
tion of the relationship between mathematics anxiety and mathematics
performance. Front Psychol. 2016;6(1):1-6.

6. Haase VG, Julio-Costa A, Pinheiro-Chagas P, Oliveira L de FS, Micheli
LR, Wood G. Math Self-Assessment, but Not Negative Feelings, Predicts
Mathematics Performance of Elementary School Children. Child Dev
Res. 2012;2012:1-10.

7. Dessemontet RS, Bless G, Morin D. Effects of inclusion on the academic
achievement and adaptive behaviour of children with intellectual disabili-
ties. J Intellect Disabil Res. 2012;56(6):579-87.

8.  Simpson NH, Addis L, Brandler WM, Slonims V, Clark A, Watson J, et
al. Increased prevalence of sex chromosome aneuploidies in specific
language impairment and dyslexia. Dev Med Child Neurol. 2014;56(4):
346-53.

9. Blackman JA, Gurka MJ. Developmental and behavioral comorbidities of
asthma in children. J Dev Behav Pediatr 2007;28(2):92-99.

10. Persson S, Dahlquist G, Gerdtham UG, Steen Carlsson K. Impact of
childhood-onset type 1 diabetes on schooling:A population-based
register study. Diabetologia. Diabetologia 2013;56(6):1254-62.

11. Arruda MA, Bigal ME. Migraine and migraine subtypes in preadolescent
children:Association with school performance. Neurology 2012;79(18):
1881-8.

12. Batstra L, Neeleman J, Hadders-Algra M. The neurology of learning and

434 Mini-mental Examination for children (MMC) Salvador et al.

behavioural problems in pre-adolescent children. Acta Psychiatr Scand.
2003;108(2):92-100.

13. Barbiero C, Lonciari I, Montico M, Monasta L, Penge R, Vio C, et al. The
Submerged Dyslexia Iceberg:How Many School Children Are Not Diag-
nosed? Results from an Italian Study. PLoS One. 2012;7(10):e48082.

14. Butterworth B, Kovas Y. Understanding neurocognitive developmental
disorders can improve education for all. Science 2013;340(6130):300-5.

15.  Silver CH, Ruff RM, Iverson GL, Barth JT, Broshek DK, Bush SS, Koffler
SP, Reynolds CR. Planning Committee. Learning disabilities: The need for
neuropsychological evaluation. Arch Clin Neuropsychol 2008;23(2): 217-9.

16. Creavin ST, Wisniewski S, Noel-Storr AH, Trevelyan CM, Hampton T,
Rayment D, et al. Mini-Mental State Examination (MMSE) for the detec-
tion of dementia in clinically unevaluated people aged 65 and over in
community and primary care populations. Cochrane Database Syst Rev
2016;(1):CD011145.

17. Folstein MF, Folstein SE, Mchugh PR. “Mini-mental state”:a practical
method for grading the cognitive state of patients for the clinician.Journal
of psychiatric research1975;12(3):189-98.

18. Dubois B, Slachevsky A, Litvan |, Pillon B. The FAB A frontal assessment
battery at bedside. Neurology. 2000;55(11):1621-6.

19.  McKenzie K, Paxton D, Murray G, Milanesi P, Murray A L. The evaluation
of a screening tool for children with an intellectual disability:The Child
and Adolescent Intellectual Disability Screening Questionnaire. Res Dev
Disabil 2012;33(4):1068-75.

20. Coqg JO, Delcour M, Massicotte VS, Baud O, Barbe MF. Prenatal
ischemia deteriorates white matter, brain organization, and function:
implications for prematurity and cerebral palsy. Dev Med Child Neurol.
2016;58(S4):7-11.

21. McKenzie K, Sharples P, Murray AL. Validating the Learning Disability
Screening Questionnaire Against the Weschler Adult Intelligence Scale,
Fourth Edition. Intellect Dev Disabil. 2015;53(4):301-7.

22. Sherwell S, Reid SM, Reddihough DS, Wrennall J, Ong B, Stargatt R.
Measuring intellectual ability in children with cerebral palsy:Can we do
better? Res Dev Disabil 2014;35(10):2558-67.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Jain M, Passi G R. Assessment of a modified Mini-Mental Scale for
cognitive functions in children. Indian Pediatr 2005;42(9):907.

Scarpa P, Toraldo A, Peviani V, Bottini G. Let’s cut it short:Italian stan-
dardization of the MMSPE (Mini-Mental State Pediatric Examination),
a brief cognitive screening tool for school-age children. Neurol Sci.
2017;38(1):157-62.

Santos LHC, Pimentel RF, Rosa LGD, Muzzolon SRB, Antoniuk
SA.Bruck I.Cognitive and behavioral screening of children with learning
disabilities:A preliminary study. Rev Paul Pediatr 2012;30(1):93-99
Baron IS. Neuropsychological evaluation of the child. Domains, methods,
and case studies. 2nd. ed.. New York:Oxford University Press 2018.
Ouvrier RA, Goldsmith RF, Ouvrier S, Williams IC. The Value of the Mini-
Mental State Examination in Childhood:A Preliminary Study. J Child
Neurol. 1993;8(2):145-8.

Besson PS, Labbé EE. Use of the modified Mini-Mental State Examina-
tion with children. J Child Neurol. 1997;12(7):455-60.

Imam |, Onifade A, Durodoye MO, Aje A, Sogaolu A O, Kehinde O, et
al. Performance of normal Nigerian students on the mini-mental state
examination. Niger J Med 2003;12(3):126-12.

Peviani V, Scarpa P, Vedovelli S, Bottini G. Mini-Mental State Pediatric
Examination (MMSPE) standardization and normative data on ltalian
children aged 36 to 72 months, Appl Neuropsychol Child 2018;1-5.
Moura R, Marco OAP, Lemos BFP, Oliveira FF, Salvador LS, Raquel
SCM, et al. A mini-mental state exam for cerebral palsy Mini-mental
state exam for children (MMC) in children with hemiplegic cerebral palsy.
Dement Neuropsychol. 2017;11(3):287:96.

Oliveira-Ferreira F, Costa D, Micheli LR, Oliveira LDF, Pinheiro-Chagas
P, Haase VG. School Achievement Test:normative data for a repre-
sentative sample of elementary school children. Psychol Neurosci
2012;5(2):157-164

Stein LM. TDE: teste de desempenho escolar:manual para aplicagao e
interpretagéo. Sao Paulo:Casa do Psicélogo 1994;1-17.

Angelini AL, Alves ICB, Custddio EM, Duarte WF, Duarte JLM. Padroni-
zagao brasileira das matrizes progressivas coloridas de Raven. JC Raven.
Manual Matrizes Progressivas Coloridas de Raven:Escala especial. S&o
Paulo, SP:Centro Editor de Testes e Pesquisas em Psicologia 1999.
Lefévre AB. Exame Neuroldgico Evolutivo do pré-escolar normal de 3
a 4 anos. Primeira edicdo. Série Monografias Pediatricas. Sdo Paulo,
Sarvier 1972.

Costa AJ, Silva JBL, Chagas PP, Krinzinger H, Lonneman J, Willmes K,

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49.

Dement Neuropsychol 2019 December;13(4):427-435 W

et al. A hand full of numbers:A role for offloading in arithmetics learning?
Front Psychol. 2011;2:368.

Pinheiro-Chagas P, Wood G, Knops A, Krinzinger H, Lonnemann J,
Starling-Alves |, et al. In how many ways is the approximate number
system associated with exact calculation? PLoS One. 2014;19:9.
Poole JL, Burtner PA, Torres TA, McMullen C K, Markham A, Marcum M
L, et al. Measuring dexterity in children using the Nine-hole Peg Test. J
Hand Ther 2005;18(3):348-351.

Dellatolas G, Viguier D, Deloche G, De Agostini M. (1998). Right-left
orientation and significance of systematic reversal in children. Cortex
1998;34(5):659-676.

S Strauss E, Sherman EM, Spreen O. A compendium of neuropsycho-
logical tests:administration, norms, and commentary (3rd. ed.). New
York:Oxford University Press 20086.

Figueiredo VLM de, Nascimento E do. Desempenhos nas duas tarefas
do subteste digitos do WISC-IIl e do WAIS-IIl. Psicol Teor e Pesqui.
2007;23(3):313-8.

Kessels RPC, Van Zandvoort MJE, Postma A, Kappelle LJ, De Haan
EHF. The Corsi Block-Tapping Task:Standardization and normative data.
Appl Neuropsychol. 2000;7(4):252-8.

Ferrer E, Shaywitz BA, Holahan JM, Marchione K, Shaywitz SE. Uncou-
pling of reading and ig over time:Empirical evidence for a definition of
dyslexia. Psychol Sci. 2010;21(1):93-101.

Johnson MH. Executive function and developmental disorders:the flip
side of the coin. Trends Cogn. Sci 2012;16:454-457.

Abreu-Mendoza RA, Chamorro Y, Garcia-Barrera MA, Matute E.
The contributions of executive functions to mathematical learning
difficulties and mathematical talent during adolescence. PLoS One
2018;13(12):e0209267.

Martin R, Tigera C, Denckla MB, Mark Mahone E. Factor structure of
paediatric timed motor examination and its relationship with IQ. Dev Med
Child Neurol. 2010;52(8):e188-e194

Lonnemann J, Linkersdorfer J, Hesselhaus V, Hasselhorn M, Lindberg S.
Relations between balancing and arithmetic skills in children - evidence
of cerebellar impairment? J Neurolinguistics 2011;24:592-601.
Richardson A, Monaco A, Morris A, Talcott J. PCSK6 is associ-
ated with handedness in individuals with dyslexia.Hum Mol Genet
2011;20(3):608-614.

Denckla MB. ADHD:Topic update. Vol. 25, Brain and Development.
Elsevier; 2003:383-9.

Salvador et al. Mini-mental Examination for children (MMC) 435



