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Abstract
Objective: To characterize the handwriting and spelling performance of elementary school students

and to investigate correlations between these variables according to school grade and system. Method:
The researchers analyzed 34 noun phrases written from dictation by 80 elementary school children aged
2-5 years, 20 attending each grade (10 from public schools and 10 from private schools per grade).
The children were recommended by their own teacher for performing well at school. The analysis of
the children’s handwriting took into account the position of the writing in space, irregularities in letter
formation, and irregularities in the spacing between letters. Writing errors were classified as either
phonological or orthographic in nature. The performances of students of each grade were compared, as
were those of children attending public and private schools. Correlations between performance variables
were investigated. A likelihood ratio test was conducted, and the Spearman’s rank correlation coefficient
was used, with statistical significance set to 0.05. Results: No differences were observed among the
different grades as to the occurrence of dysgraphia or dysorthographia. Both disorders were more common
in the public school system than in the private one. The most frequent types of spelling errors found were
the switching of graphemes corresponding to voiced-voiceless phonemes and the omission of codas.
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Correlations between handwriting and spelling in Elementary School students

Dysgraphia and spelling performance were positively correlated. Conclusion: The writing performances
were similar among children of all grades, in terms of both handwriting and spelling. The more features
of dysgraphia were present, the greater the number of errors found in the writing of elementary school
children, particularly in the public school system.

Keywords: Handwriting; Speech Language Pathology and Audiology; Assessment.

Resumo

Objetivo: Caracterizar o desempenho ortografico e o tracado da escrita manual de escolares do
Ensino Fundamental I e investigar correlagoes entre essas variaveis segundo o ano escolar e a rede de
ensino. Método. Analisaram-se amostras de escrita sob ditado de 34 sintagmas nominais de 80 prontudrios
de criancas matriculadas de 2° a 5° ano do Ensino Fundamental, 20 de cada ano escolar (10 da rede
publica e 10 da rede particular por ano). As criangas foram indicadas pelas professoras por apresentarem
bom rendimento escolar. A andlise do tragado grdfico foi realizada segundo critérios de posi¢do da escrita
no espago, irregularidade e caracteristicas do tragado da letra e irregularidade do espago entre as letras.
Os erros de escrita foram classificados segundo a natureza fonologica ou ortogrdfica. Os desempenhos
foram comparados por ano escolar e correlagées foram investigadas. Aplicou-se o Teste da Razdo de
Verossimilhanga e calculou-se o Coeficiente de Correlagdo de Spearman, com significincia estatistica
fixada em 0,05. Resultados: Nao foram observadas diferengas entre os desempenhos em fungdo dos anos
escolares, quanto a disgrafia ou disortografia. Ambas foram mais frequentes na rede publica de ensino.
Os tipos de erros de escrita mais encontrados foram trocas na codificacdo de grafemas correspondentes
aos fonemas ‘surdo-sonoro’e ‘omissdo de coda’. Disgrafia e o desempenho ortogrdfico correlacionaram-
se positivamente. Conclusdo: O desempenho em escrita foi semelhante nos diferentes anos escolares,
tanto no tragado quanto na ortografia. Quanto mais caracteristicas de disgrafia maior o numero de erros
encontrados na escrita, principalmente na rede publica de ensino.

Palavras-chave:Escrita manual; Fonoaudiologia; Avalia¢do

Resumen

Objetivo: caracterizar el trazado de la escritura manual y el desemperio ortografico de escolares
de la primaria y investigar correlaciones entre esas variables de acuerdo al ario escolar y la red de
enserianza. Método: Se analizaron muestras de escritura producidas bajo dictado de 34 sintagmas
nominales de 80 registros de nifios, inscritos desde el 2° hasta el 5° afio de la ensefianza primaria,20 de
cada ario escolar (10 de la red publica y 10 de la red particular por aiio). Los nifios fueron elegidos por
sus maestros por buen desemperio escolar. El andlisis del trazado grafico considero: la posicion de la
escritura en el espacio, la irregularidad y las caracteristicas del trazado de la letra, y irregularidades del
espacio entre las letras. Los errores de la escritura fueron clasificados segun su naturaleza fonologica u
ortografica. Los desempeiios fueron comparados segun el ario escolar y correlaciones fuero investigadas.
Se aplico el Test de la Razon de Verosimilitud y se calculo el Coeficiente de Correlacion de Spearman
con significacion estadistica de 0.05. Resultados: No se observaron diferencias entre los desemperios, en
funcion de los afios escolares, entre disgrafia y disortografia. Ambas fueron mas frecuentes en la red de
ensenianza publica. Los tipos de errores de escritura mas frecuentes fueron cambios en la codificacion
de grafemas correspondientes a los fonemas ‘sordo-sonoro’y ‘omision de coda’. Disgrafia y desempeiio
ortografico se correlacionaron positivamente. Conclusion: El desemperio en la escritura fue semejante en
los distintos afios escolares tanto en el trazado cuanto en la ortografia. Cuanto mds habian caracteristicas
de disgrafia, mds numerosos eran los errores encontrados en la escritura, principalmente en la Red
Publica de ensenianza. .

Palabras clave: Escritura manual; Fonoaudiologia, Evaluacidn.
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Introduction

Writing is an expressive means of communi-
cation acquired from formal instruction. It requires
the development of a series of specific skills, from
automatic ones (for instance, visual and motor
skills), to perceptive and even metacognitive skills.
Writing with competency requires the development
of specific skills in order to form the letters rapidly
and efficiently, and display them linear and con-
secutively to represent words selected to express
thought fluently.

Writing texts that are orthographically accu-
rate, cohesive and coherent demands the orchestra-
tion of different abilities: it takes a mastery of the
alphabetic system principle, control over spelling,
predicting the sequencing of ideas, and formalizing
the discourse in the absence of an interlocutor?.
One may understand writing as expression with
meaning, produced according to grammatical and
orthographic rules and conventions. Cognitive
skills (for metagraphic analyses, for instance)
and language skills (phonological processing and
phoneme-grapheme association) also contribute to
the intended product of an orthographically correct
and fluent writing, indicative that the schoolchild
has developed his abilities of self-expression
through writing®.

The orthographic mastery of writing is achie-
ved throughout the school years. According to
the Brazilian National Curriculum Parameters
(Parametros Curriculares Nacionais or PCN), at
the end of the first cycle of elementary school (1%,
2% and 3™ grades) learners must be able to recog-
nize the orthographic regularities while becoming
aware of their language’s irregularities, in addition
to correctly separating words in space. At the end
of the second cycle, they need to correctly use the
orthographic accentuation rules and verbal and
nominal inflections*. Therefore, schoolchildren
who reach the end of the 5" grade of elementary
school are expected to have mastered the orthogra-
phy of familiar words, both with regular or irregular
orthographies.

The regularity and precision in letter formation,
the layout of the letters in space, and the time spent
executing that task are all integral parts of written
language production, and must also be analyzed
when an issue is detected in a schoolchild’s wri-
ting. Precise, effortless handwriting allows the
learner to focus attention primarily to the correct

orthography of words, the familiarity of which
will, with learning, allow the learner to achieve an
attentive, self-monitored accomplishment of what
he or she wants to write. A precise and regular
handwriting should facilitate self-monitoring and
self-correction, thus leading to correct spelling.

An understanding of precise letter formation
entails admitting that fine motor skills are an
indispensable tool for executing tasks that require
dexterity*¢. The motor act of writing is a complex
process, which involves continuous changes in
the pressure, direction, speed, and acceleration of
the hand’s movements. These skills will benefit
the learning process, the mastery of the alphabe-
tic principle and the orthographic rules that will
allow the writing of words, sentences and texts to
legibly express the human thought and knowledge.
As school learning progresses, the learning of
writing is expected to integrate the knowledge of
orthography into the domain of proprioceptive and
visual abilities, fine motor control and planning,
tactile and kinesthetic sensitivities, and sustained
attention®’.

Succinctly speaking, in order to achieve as final
product a legible, orthographically accurate wri-
ting, an individual must have a well-orchestrated
and simultaneous processing of sensory-motor,
linguistic and perceptual skills>!°.

It is fair to state that to master orthography one
needs to develop attention, metagraphic analysis
and self-correction (error identification), which
depend on the legibility of writing. Thus, the lat-
ter may interfere in the learning of orthographic
writing''. Consequently, there may be associations
between both the perceptual-visual-motor and the
orthographic developments. Indeed, the literature
has evidenced the presence of correlations between
handwriting and orthographic writing®%!2, whether
in regular or irregular development.

When they begin school, children with fine-
-motor coordination disorders may have their
school and even their daily activities compromi-
sed6. Alterations in fine-motor coordination may
interfere in the acquisition of legible handwriting,
with consequences for the learning of orthography
(even though it also depends on the habit of reading
and on the optimal processing of phonological
information)®'2,

It may be said that the deviations identified
in writing can be categorized into two types
of disorders: dysorthographia and dysgraphia.
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Dysorthographia is the inability to correctly spell
words; dysgraphia is impairment in handwriting.
In both conditions it is possible to notice deviations
in written expressions, which compromise skills
such as automatically identifying words and wri-
ting without alterations in the actual handwriting,
switching letters, undue joining or separation of
words, confusing syllables, omitting or inverting
letters, deficiencies in the shape of letters, and extra
spacing, in addition to realizing graphic signs such
as paragraphs, accentuation and punctuation'*'¢,

Some studies have investigated features of
children’s handwriting and their use of orthographic
rules under different learning conditions. One study
on dysgraphia'’ analyzed the traces of children
with and without writing difficulties, from different
socioeconomic status, and from both public and
private schools. The Study Group was composed of
children attending public schools, with and without
learning difficulties, with family incomes of up to
three minimum wages. The Control Groups (CG1
and CG2) were composed of children attending
public schools without learning difficulties, and
with family incomes of between eight and 12
minimum wages, and by children attending private
schools, without learning difficulties, with family
incomes of between 15 and 30 minimum wages,
respectively. The results showed that 24% of the
children in the Study Group were dysgraphic,
versus 20% in CG1 and 0.8% in CG2. The author
justified the study’s findings by stating that family
income was a significant factor in the prevalence
of dysgraphia, and suggesting that the use and the
consequent encouragement of writing are limited
among families with lower incomes; i.e., children
who are not encouraged to write may present diffi-
culties in developing and using writing.

In a study about the characterization of
orthographic errors among children with different
learning disorders, the researchers found a small
number of dysgraphic children, and several types of
orthographic errors, multiple representations being
the most recurring of these errors's. According
to the authors, this category of errors involves
orthographic imprecisions that do not result from
a failure or inadequacy in making corresponden-
ces between phonemes and graphemes, but from
the fact that one phoneme may be represented by
several different letters, or that the same letter may
represent several phonemes. Therefore, these errors
stem from deficiencies related to the processing of

orthographic information, whether due to develo-
pment issues, poor instruction or a low exposure
to reading.

An analysis of written production must take
into account everything from the instruction needed
for its learning and competent use, to understanding
the complexity of the brain structures and functions
involved in the motor act of writing, in the integra-
tion between codes and cognitive, metacognitive,
and metalinguistic processes to master orthography,
and strategic and pragmatic processes associated
with formulating and producing text. Taking the
early school years into consideration, the first signs
of writing disorders may be noticed in the features
related to the use of space and letter formation,
both associated with perceptual-visual-motor
development. Orthographic deficiencies must be
considered throughout children’s school years,
even though some rules are learned during the
early years of elementary education4. Regarding
the features associated with the handwriting itself,
the disorders may manifest in both domains, either
in isolation or in association: in letter formation and
in orthography>'6.

Learning is evidently a process. Different stu-
dies conducted with Brazilian schoolchildren have
shown that learning to write in Portuguese, even
though it is a reasonably orthographically trans-
parent language, is a process that implies making
errors, the frequency of which, determined by the
orthographic complexity, should decrease as schoo-
ling progresses, and in time should disappear'>'%1°,
However, little importance is attached to the issues
regarding the precision of letter formation and the
possibility of there being an association between
this and orthographic errors. Learning to write
correctly depends, above all, on self-correction.
Children who still need to think about how to form
a letter focus their attention on that process, which
will certainly have a negative impact on the fluency
of their writing, the quality of its content, and the
orthographic accuracy'.

Therefore, it is believed that as schooling pro-
gresses, errors should decrease, and letter formation
should improve. The hypothesis that the features
of letter formation and orthographic learning may
be correlated in the handwriting of schoolchildren
has underpinned the objectives of the present study.
The arguments stated in this introduction raise the
following questions: do children with the poorest
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handwriting make more writing errors? Are these
errors orthographic or phonological in nature? Is
the handwriting of children who attend public scho-
ols poorer than those who attend private schools?
Does letter formation really improve as schooling
progresses?

In order to answer these questions, this study
proposes to classify the handwriting and the ortho-
graphic performance of elementary schoolchildren
and to investigate the correlations between these
variables according to school grade and system.

Materials and Method

This is a retrospective, transversal, obser-
vational study, approved by the Research Ethics
Committee under number 1768/11.

For this study, the researchers analyzed the
protocols of the 80 subjects of the initial research.
These protocols contained the samples of 34 noun
phrases written from dictation. The noun phrases
were chosen so as to allow comparison between
the schoolchildren’s handwriting: instead of the
heterogeneous nature of regular written text pro-
duction, it was possible to obtain homogeneous
writing samples.

Initially, this study took into consideration the
variables “level of schooling” and “school system”
(public or private). The protocols were grouped
according to the school grade (2™ to 5") and whe-
ther the schoolchildren attended public (PU) or
private (PA) schools.

The following groups were formed, composed
of 10 protocols each: 2" grade: PU2 and PA2; 3™
grade: PU3 and PA3; 4™ grade: PU4 and PA4:
5% grade: PU5 and PAS5. The children, both boys
and girls, aged 7-11 years, were recommended
by their teachers for performing well at school,
i.e., according to the teachers, these children had
above-average grades in Portuguese and Math.
Twenty children per each school year were selec-
ted (10 from public schools and 10 from private
schools), and dictations were only conducted once
the children’s parents had signed an informed
consent form.

The general criteria for inclusion of school-
children in the study were the following: absence
of complaints or signs of hearing, or (uncorrected)
visual impairments; absence of neurological,
behavioral or cognitive disorders; and no history
of grade retentions.

The subjects were told to write 34 noun phrases
from dictation, composed of sequences of three to
seven words of different lengths. The words chosen
included all the graphemes and types of syllables
in the Portuguese language. The list of phrases
was prepared by a panel composed of two speech
therapists and one linguist.

The subjects received a sheet of paper with a
space to write their names, the date and the grade
they were in, in addition to a space in which to
write the dictated noun phrases, and a pencil. The
children received the following instruction: “/ will
say a small sentence, and you will write it on the
sheet of paper. If necessary, I will say it one more
time. If you make a mistake, cross the word and
write it again in the space next to it. You must not
erase it.” The subjects were evaluated as a group
of no more than 10 children.

The optimal condition for evaluation included
noises that did not prevent the children from hea-
ring the researcher’s voice and understanding the
spoken message.

Analyses of the written productions

The samples of writing (80 dictations of noun
phrases) analyzed were written in pencil no. 2,
on sheets of A4 ruled paper with 10mm spaces
between lines and left and right margins of 25mm.

Analysis of the handwriting

The writings were initially analyzed by a panel
composed of three judges selected for their expe-
rience working with assessment or rehabilitation of
writing disorders in schoolchildren. The three jud-
ges’ reports were statistically analyzed by applying
the Wilcoxon Signed-Rank Test, which compares
pairs of data. The result showed that the judges
had different analyses of the material. Since their
experiences dealing with writing disorders were
equivalent, the researchers chose the analysis of the
judge with the largest number of hours of training
in the use of Lorenzini’s Dysgraphia Scale®’, which
was the scale used to analyze the handwriting of
the material under study. This scale is composed of
10 items that enable the analysis of the following
aspects of handwriting: a. floating lines; b. des-
cending and/or ascending lines; c. Irregular spaces
between words; d. touched up letters; e. Curves and
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angles in the arches of the letters m, n, u, and v; f.
Junction points (when the letters of a word were
not joined together); g. Collisions and adhesions;
h. Jerky movements; i. Irregular letter sizes; j. Poor
letter formation.

The scoring criterion adopted for assessing the
writing performance of schoolchildren was the one
proposed by Lorenzini20. The global scoring varied
from zero to 17 points, and children who scored
8.5 points or more (50% of the overall score) were
considered dysgraphic.

Analysis of orthography

The error classification proposed by Arnaut,
Avila and Hackerott21 was adopted to analyze and
classify the writing errors found in the dictation
task:

1. errors of a phonological nature: switching
in the coding of graphemes corresponding to the
voiced/voiceless phonemes, switching of graphe-
mes corresponding to phonemes with different
places and manners of articulation; changes in the
syllable structure (omission of graphemes corres-
ponding to liquid phonemes in a consonant cluster;
omission of graphemes corresponding to phonemes
in a coda position); omission of syllables; undue
word separation or junction, and contamination;
2. errors of an orthographic nature: disrespect
for the accentuation rules, codification supported
by spoken language, omission of voiceless letters,

and undue use of letters (s/ss/¢/c; x/ch, s/z; j/g);
3. errors of a mixed nature: indicate a likely
phonological alteration in words — intervocalic “‘s”
reproducing as the phoneme [z] instead of [s]; use
ofthe letter “r” instead of “rr”’; use of the letter “g”
instead of “gu”; hypercorrection; letter insertion;
other words (words spelled correctly, but which
were not dictated). In this study, only the errors of
a phonological nature were considered, due to its
more fundamental source. For the analysis of data,
the variable school grade was considered.

Statistical method

The Likelihood-Ratio Test was applied with
the purpose of investigating possible differences
between the grades and the public and private
school systems. Spearman’s Rank Correlation
Coefficient was calculated to find the degree of
correlation between the desired variables.

The statistical significance was set to 0.05.

Results

Table 1 shows that dysgraphia was evenly
distributed among school grades, and that there was
a statistically significant difference in the number
of dysgraphic children between the public and the
private school systems, with a larger number of
dysgraphics in public schools than in private ones.

TABLE 1. DISTRIBUTION OF SCHOOLCHILDREN ACCORDING TO THE SCHOOL SYSTEM OR SCHOOL
GRADE AND THE PRESENCE OR ABSENCE OF DYSGRAPHIA

Variable Category Dysgraphia p-value
yes no
Frequency % Frequency %
Grade 2nd 10 50,00 10 50,00 0,164
3rd 16 80,00 4 20,00
4t 11 55,00 9 45,00
Sth 10 50,00 10 50,00
System Public 29 72,50 11 27,50 0,012
Private 18 45,00 22 55,00

Likelihood-ratio test; significance level set to 0.05.

Legend: %=percentage
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Table 2, in turn, shows the types of errors
present or absent in the writing samples of the 80
schoolchildren per school system. Except for the
“syllable addition” type of error, the comparison

TABLE 2. DISTRIBUTION OF WRITING ERROR TYPES ACCORDING TO SCHOOL SYSTEM

between the two school systems showed that there
were statistically significant differences between
them, with a greater number of errors being com-

mitted by children attending public schools..

Type of writing error Category School System p-value
Public Private
Freq. % Freq. %
Voiced-voiceless switch  Yes 30 75,00 16 40,00 0,002
No 10 25,00 24 60,00
Syllable omission Yes 8 20,00 2 5,00 0,043
No 32 80,00 38 95,00
Syllable addition Yes 5 12,50 2 5,00 0,235
No 35 87,50 38 95,00
Undue separation Yes 21 52,50 8 20,00 0,002
No 19 47,50 32 80,00
Coda omission Yes 33 82,50 13 32,50 <0,001
No 7 17,50 27 67,50
Word junction Yes 14 35,00 6 15,00 0,039
No 26 65,00 34 85,00

Likelihood-ratio test; significance level set to 0.05.

Legend: Freq.= Frequency; %=percentage

Table 3 shows the distribution of the total
number of writing samples according to the type
of error and the school grade. As may be seen in
TABLE 3. DISTRIBUTION OF SCHOOLCHILDREN ACCORDING TO THE PRESENCE OR ABSENCE AND
THE TYPE OF WRITING ERROR, AND THE SCHOOL GRADE

the table, the different types of errors are evenly
distributed among the grades..

Type of wri- Category

School grade

ting error 2nd grade 3rd grade 4t grade 5thgrade
Freq. % Freq. % Freq. % Freq. %.
Voiced-voice-  Yes 12 60,00 14 70,00 11 55,00 9 45,00 0,447
less switch No 8 40,00 30,00 9 45,00 11 55,00
Syllable omis- Yes 10,00 25,00 3 15,00 0 0,00 0,114
sion No 18 90,00 15 75,00 17 85,00 20 100,00
Syllable addi-  Yes 2 10,00 3 15,00 1 500 1 500 0,632
tion No 18 90,00 17 8500 19 95,00 19 95,00
Undue sepa-  Yes 9 45,00 8 40,00 8 40,00 4 20,00 0,363
ration No 11 55,00 12 60,00 12 60,00 16 80,00
Coda omission  Yes 15 75,00 14 70,00 9 45,00 8 40,00 0,056
No 5 25,00 30,00 11 55,00 12 60,00
Word junction Yes 40,00 35,00 2 10,00 3 15,00 0,074
No 12 60,00 13 65,00 18 90,00 17 85,00

Likelihood-ratio test; significance level set to 0.05.
Legend: Freq.= Frequency; %=percentage
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Table 4 shows the presence of different positive
correlation values, ranging from weak to moderate,

between handwriting errors (except for “syllable
addition” and “word junction”) and dysgraphia.

TABLE 4. CORRELATIONS BETWEEN DYSGRAPHIA AND ORTHOGRAPHIC ERRORS IN THE OVERALL

SAMPLE
Variable Statistics Total score Dysgraphia
Voiced-voiceless Rank coefficient (r) +0,434
Calculated significance (p) < 0,001
N 80
Syllable omission Rank coefficient (r) +0,269
Calculated significance (p) 0,016
N 80
Syllable addition Rank coefficient (r) +0,072
Calculated significance (p) 0,524
N 80
Undue separation Rank coefficient (r) +0,293
Calculated significance (p) 0,008
N 80
Coda omission Rank coefficient (r) +0,371
Calculated significance (p) 0,001
N 80
Word junction Rank coefficient (r) +0,205
Calculated significance (p) 0,069
N 80

Spearman’s Rank Coefficient (r); significance level set to: 0.05

Table 5 shows that dysgraphia was positively
and moderately correlated with the presence of
errors of the “voiceless/voiced” type, in both
school systems. Differently from that result, “undue

separation” errors were correlated with dysgraphia
only among public school children, and “coda
omission” and “word junction”, only among private
school children..

TABLE 5. CORRELATIONS BETWEEN DYSGRAPHIA AND ORTHOGRAPHIC ERRORS ACCORDING TO

THE SCHOOL SYSTEM

Variable Statistics Total score Dysgraphia
Public school Private school
Voiced-voiceless Rank coefficient (r) +0,408 +0,450
Calculated significance 0,009 0,004
(p)
N 40 40
Syllable omission Rank coefficient (r) +0,255 +0,234
Calculated significance 0,112 0,146
(p)
N 40 40
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Syllable addition Rank coefficient (r) -0,045 +0,189
Calculated significance 0,783 0,242
(p)
N 40 40
Undue separation Rank coefficient (r) +0,329 +0,104
Calculated significance 0,038 0,522
(p)
N 40 40
Coda omission Rank coefficient (r) +0,069 +0,594
Calculated significance 0,671 < 0,001
(p)
N 40 40
Word junction Rank coefficient (r) +0,051 +0,356
Calculated significance 0,756 0,024
(p)
N 40 40

Spearman’s Rank Coefficient (r); significance level set to: 0.05

Discussion

Handwriting activities depend on the develo-
pment of fine motor coordination and perceptual-
-visual-motor skills. Under ideal learning condi-
tions, we may notice a progressive improvement
in handwriting, with the consequent increase in
readability of written production, which in turn
will allow self-correction skills (and consequently
self-learning) to lead to a progressive decrease in
the number of orthographic mistakes and to an
effective learning of the orthographic standard of
writing>111,

However, in the sample under analysis, the
number of schoolchildren whose writing showed
features of dysgraphia did not vary as schooling
progressed. l.e., a comparison of the frequency
of dysgraphia among school grades evidenced
similar performances. This uniform distribution
of schoolchildren whose writing was considered
dysgraphic seems to confirm the fact that they are
indeed dysgraphic, otherwise the frequency would
have decreased as schooling progressed from the
2nd to the 5th grade.

This result corroborates other studies on
dysgraphia!?>?223, The first one confirmed the pre-
sence of dysgraphia in children’s writing from the
moment of learning to read and write until the end
of the first five years of elementary school. When

thinking about dysgraphia as a developmental
disorder, often associated with Coordination
Development Disorder, one must look closely at
the epidemiologic information regarding the preva-
lence of individuals with this disorder. Therefore, it
may be said that the frequency with which dysgra-
phia was found in all four grades followed the usual
distribution of this disorder among schoolchildren.
Another study?* found signs of dysgraphia in 24%
of the children enrolled in the 3™ grade of public
elementary schools. Signs of dysgraphia were also
found in 22% of the writing samples produced
by students enrolled in the 6" grade of Sdo Paulo
state schools®. Despite being higher than the one
reported by the authors, the findings of this study
regarding the correlations between handwriting
and orthographic performance have shown that it
remains stable throughout the school grades.

In order to determine whether the handwriting
of students attending public school is poorer than
those attending private schools, this study analyzed
the distribution of children along all school grades,
according to the school system and the presence or
absence of dysgraphia. The results showed a larger
number of dysgraphic schoolchildren in public
schools than in private ones, and this difference
was statistically significant.

The handwriting of children with and without
writing difficulties from different socioeconomic
status and from public and private schools was

@ Disturbios Comun. S&o Paulo, 27(4): 819-830, dezembro, 2015



Correlations between handwriting and spelling in Elementary School students

analyzed!’. This analysis showed a decrease in
the number of dysgraphic children as the family
income increased, from 24% of dysgraphic students
in the public school system to 8% in the private
school system.

Despite these results, it is important to note
that dysgraphia can occur even among students
without learning complaints, as were the subjects
of'this study®'2, as it was a prerequisite for inclusion
in the research. Moreover, learning orthography
is a gradual process>'? and, as to writing errors, it
was possible to notice that those of the “voiceless/
voiced” and “coda omission” types were the most
frequent (57.50%), the least frequent being “sylla-
ble addition” (8.80%).

A study on voiced/voiceless phoneme switches
within the context of orthographic deficiencies
found a high percentage of this type of error in
the first four grades of elementary school: 55.9%
among first graders, 48.8% among second graders,
38.8% among third graders, and 29% among fourth
graders®.

Except for the “syllable addition” type of
errors, the differences between the distributions of
the types of orthographic errors among school sys-
tems for the total samples proved to be statistically
significant; i.e., the “voiced/voiceless switches”,
“syllable omission”, “undue word separation”,
“coda omission” and “undue word junction”
types of errors showed the different performances
between public and private schools, with a higher
prevalence in the public school samples. A lower
frequency of syllable or letter additions and a higher
frequency of “omission of consonant in coda” and
“voiced/voiceless switches” was also found''-?.
However, if on the one hand it was possible to iden-
tify differences between the school systems, on the
other hand the comparative analysis of orthographic
errors showed an even distribution throughout the
four school grades, with no differences between
the grades.

Tables 2 and 3 show that the frequency of
errors was low, which is compatible with the cri-
terion for selection of subjects, which ruled out
schoolchildren who presented reading difficulties
or disorders. This may explain the fact that these
results differ from those found in the literature.

A study on the classification of orthographic

errors according to school grade found writing
errors in children enrolled in the 2" through 5

grades of elementary school, with a higher preva-
lence among 3™ graders®.

When investigating the correlations between
dysgraphia and orthographic errors in the overall
sample (table 4), it was possible to notice a correla-
tion between writing errors and dysgraphia, except
for “syllable addition” and “junction of words”
errors. Other studies found a low frequency of these
errors in their samples!'",

The correlation between orthographic errors
(word junction) and dysgraphia did not occur in the
overall sample. The size of the sample may have
influenced this result. Moreover, it was composed
of students without complaints or signs of learning
disabilities. On the contrary, the children were
recommended by their teachers for presenting a
good academic performance. It bears stressing that
word junction is a type of error that does not occur
often in the writing of typical schoolchildren®. In a
study on orthographic deficiencies, word junction/
undue separation ranked 4th in the table showing
the frequency of orthographic errors made in the
first 4 grades of elementary school, at 7.8%.

Some authors associate the occurrence of
orthographic errors of the “word junction” or
“undue separation” type with those children who
still seek support for their writing in the spoken
language!'-?*,

Diversely, the results found that the number
of children who presented “letter switches in the
codification of graphemes corresponding to voiced/
voiceless phonemes” in their writing grew in pro-
portion to the increase in dysgraphic writings, in
both school systems. Weaker positive correlations
were found among the variables “syllable omis-
sion”, “undue separation”, and “coda omission”.

It must be taken into consideration that in this
study the sample was composed of schoolchildren
without learning difficulties. On the other hand, the
80 participants obviously had varied performances,
which explains the presence of errors that may be
associated with irregular and imprecise handwri-
ting. In addition, it bears stressing that there was
no difference among the grades regarding the fre-
quency of errors, i.e., the number of errors did not
decrease as schooling progressed. Thus, it may be
said that the errors found are, indeed, characteristic
of schoolchildren with poorer handwriting and
orthographic performances.

The search for correlations between dysgra-
phia and other types of orthographic errors might
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confirm the results found. This is a limitation of
this study. Even though participants’ motor function
was not assessed here, the literature indicates that
the better the fine and global motor performances,
the lower the frequency of dysgraphia®. Therefore,
one cannot state that the participants’ fine motor
function is altered, and that the large number of
dysgraphic schoolchildren found is due to deficien-
cies in that motor function.

In order to clarify this finding, it will be neces-
sary to assess the schoolchildren’s performances
with the help of an interdisciplinary team, including
a speech therapist, a neurologist, a neuropsycho-
logist and an educator, to rule out any possible
disorders such as dyslexia and/or other language
disorders.

It is worth emphasizing that one of the cri-
teria for inclusion in the study was the absence
of a history of learning difficulties. Among these
schoolchildren, the research found that 72.50% of
public schools students and 45% of private school
students were dysgraphic.

This study’s findings reinforce the importance
of identifying the factors leading to dysgraphia, so
that it will not compromise these students’ acade-
mic performances, given that dysgraphia may, like
other disorders, be considered a source of psycho-
-emotional difficulties for the individual'2.

Conclusion

After analyzing the results of this research,
we were able to determine that the distribution
of dysgraphia was similar throughout the school
grades, with a higher frequency among public
school students. Regarding the types of writing
errors, the switches in the codification of graphemes
corresponding to the “voiced/voiceless” phonemes
and “coda omission” were the most frequent,
having occurred in (57.50%) of the sample, and
made by students of both school systems, with a
higher prevalence among public school students.
We also identified a statistically significant corre-
lation between dysgraphia and dysorthographia,
as students who made more orthographic errors
also scored higher for dysgraphia. All the findings
were statistically significant, but it was not possi-
ble to determine what led to the large number of
dysgraphic students. Thus, we suggest that other
researchers include, in the methodology of their
studies on dysgraphia, the influence of factors such

as: socioeconomic and sociocultural status, fine
motor skill disorders, sensory disorders, visual-
-motor disorders, time-space orientation disorders,
dyslexia, and other learning disorders..
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