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Abstract 
 
Introduction:  Factors related to reading/writing skills of children with DS were investigated 
by focusing on their cognitive information processing abilities and environmental factors.  
 
Methods: Participants were children with DS (N=30), typically developing  (TD) children 
N=59. Hiragana reading/writing tasks and cognitive processing ability tasks were performed. 
Moreover, a questionnaire was administered to their parents to investigate the children’s 
profiles and environmental factors. 
 
Results: Reading/writing scores of children with DS with a mental age (MA) of 4,  5, and 6 
years and TD children with a chronological age of 4, 5, and 6 years were compared to 
identify the types of characteristics in which children with DS score higher than TD children. 
We showed the difference in environmental factors related to cognitive information 
processing ability and reading/writing ability of DS and TD children. 
 
Conclusion Factors related to reading/writing of children with DS were also shown. 
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BACKGROUND 
 

The Japanese writing system includes Hiragana, Katakana, and Kanji （Chinese 

characters),  and sentences are composed of these characters. In elementary school, 
children usually first learn Hiragana, which is the basic Japanese writing system, and 
then learn Katakana. Children also start to learn Kanji in elementary school after 
learning Hiragana and Katakana. Hiragana includes various character types, such as 
voiceless sounds, voiced/semi-voiced sounds, and special syllables. Voiceless sounds 
consist of 46 characters, including combinations of five vowels (a, i, u, e, o) and nine 
consonants, and the syllabic nasal “n” (Fig.1). When pronouncing some of the voiceless 
sounds by adding a sonant mark or a p-sound mark, they become voiced or semi-voiced 
sounds. There are 20 voiced sound and 5 semi-voiced sound characters. When writing 
specific voiceless sounds short, and pronouncing them, or, pronouncing them long, they 
become special syllables.  
 
There are four types of special syllables; geminate stop consonants, contracted sounds, 
long vowels, and contracted long vowels. Katakana characters were developed by 
simplifying specific Shakuji (Kanji used for sound equivalence). Kanji, which originated in 
China, is the most difficult of the Japanese writing systems. The Kanji teaching 
procedures are described in the Gakunenbetsu Kanji Haitōhyō (list of Kanji by school 
year) developed by the Japanese Ministry of Education as a part of educational 
guidelines. This list indicates which Kanji and the number of Kanji that students should 
learn in each grade. As the grade-level increases, the number and the difficulty of Kanji 
that students must learn increases. Specific researchers have reported that Hiragana 
reading and writing skills are acquired before school age. 
 
Many studies related to reading and writing skills have been conducted in recent years 
in Japan. These studies have indicated that typically developing (TD) children can 
acquire Hiragana reading and writing skills around the age of 4, and cognitive 
processing abilities such as phonological awareness, visual cognition, and 
automatization, among others, are related to the acquisition of these skills (Shimamura, 
Mikami, 1994; Awaya, Uno, 2003; Uno, 2007; Inomata, Haruhara, 2013).  
 
Hiragana has a regular grapheme-phoneme correspondence, such that one character 
corresponds to one mora. Therefore, phonological information processing ability, which 
is related to mora awareness, is involved in Hiragana acquisition (Amano, 1970). 
Moreover, one mora is represented by two characters in special Hiragana syllables, 
resulting in acquisition difficulties (Dairoku, 2000). Mitsuzuka (1994) demonstrated that 
young TD children’s writing ability is correlated with figure-copying and spatial cognition 
task results, suggesting a relationship between writing ability and visual cognitive ability 
related to form and space perception. Moreover, previous studies on the correlation 
between reading and writing skills and the home environment have indicated that 
teaching to write at home affects children’s writing skills. Furthermore, the frequency of 
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reading activities and the frequency of teaching letters affects the reading skills of 3-4-
year-old children, but not the reading skills of 5-6-year-old children (Inomata, Uno, Sakai, 
Haruhara, 2016).  
 
It has been reported in Japan, that cognitive processing abilities including phonological 
awareness, visual cognition, and manipulation of fingers are required for children with 
Down syndrome (DS) having intellectual disabilities to acquire Hiragana reading and 
writing skills, which are also necessary for TD children. Moreover, children with DS need 
to at least reach the developmental age of four in all these cognitive processing abilities
(Kono,2014). Most of the past studies have been case studies that have attempted to 
verify the effects of teaching reading and writing skills on children with DS based on the 
child’s conditions. These include, for example, a study that conducted teaching Hiragana 
reading using a top-down method of starting from word-learning, and gradually shifting 
to one-character learning; a study that used keywords as the intermediary for reading 
characters; and a study that taught writing by focusing on visual cognition (Kuboyama et 
al.,2008; Nagayama et al.,2010; Yamaguchi, 2006). However, no continuous studies have 
been conducted on factors related to reading and writing skills of children with Down 
syndrome in Japan.  
 
The possibility that IQ and reading and writing skills are unrelated has been suggested 
(Kono, 2015). However, this possibility has been insufficiently investigated to date. Some 
of these studies have investigated children with intellectual disabilities and those with 
developmental disorders without distinguishing between the two. Other studies have 
reported findings on children other than those with DS. Furthermore, it is known that 
factors other than the level of intellectual development, such as the home environment 
might affect children’s reading and writing skills. As described above, factors related to 
reading and writing skills of children with DS have not been sufficiently examined to 
date. 
 
On the other hand, programs for teaching reading and writing skills for children and 
adolescents with DS have been developed overseas, administered, and their effects 
have been reported (Moni et al., 2000,Paola,2016). One such study examined 
correlations between reading and writing skills and phonological awareness by 
comparing TD children and children with DS between the ages of 5 and 18 years (Cossu 
et al.,1993,Laws et al.,2016, Loveall et al.,2016).  
 
Overseas studies on reading and writing skills of children with DS have been conducted 
with a wide range of children, from early childhood to school age, and teaching 
programs have been developed for children in childhood to adolescence. The results of 
these studies suggest that reading and writing skills of individuals with DS might improve 
from early childhood to school age and adolescence. 
 
As mentioned above, only a few studies have been conducted in Japan on the eading 
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and writing skills of children with DS and their characteristics have been insufficiently 
investigated to date. It is useful to understand the characteristics of children with DS 
when teaching them reading and writing skills. Therefore, in the present study, children's 
Hiragana reading and writing skills and their correlations with cognitive processing 
abilities as well as environmental abilities were examined in young children to high 
school students with DS by comparisons with TD children. Moreover, correlations with 
intellectual abilities were examined through comparisons between children with DS with 
a mental age of 4~6 and TD children.  
 
METHODS 
 
Participants 
 
Participants were children with DS (N=30; 14 boys and 16 girls) and TD children (N=59; 
27 boys and 32 girls) that were recruited from parents’ associations, special education 
schools, and nursery schools, among others, in local communities. Requirements for 
children with DS included those that were interested in Hiragana, could read more than 
one character, and obtaining the parents’ consent.  
 
They comprised of 8 elementary school children, 14 junior high school students, and 8 
senior high school students. They were affiliated to special needs classes (N=8) and 
special education schools (N=22). TD children comprised of 24 four-year-old children, 23 
five-year-old children, and 12 six-year-old children. Table 1 shows the mean 
chronological age (CA) and the mean mental age(MA) of the participants. 
 
Survey content 
 
By referring to previous studies, Hiragana reading and writing tasks and cognitive 
processing ability tasks were conducted with young children with DS and TD young 
children. Moreover, a questionnaire was administered to their parents to investigate the 
children’s profiles and environmental factors.  
 
Tasks of reading and writing Hiragana 
 
The tasks of reading and writing 46 voiceless sounds/ syllabic nasals, 20 voiced sounds, 
and 5 semi-voiced sounds, as well as tasks of reading 23 special syllables including a 
double consonant, contracted sounds, long vowels, and contracted long vowels were 
conducted, by referring to the Hiragana reading and writing test (The National 
Language Research Institute, 1972) used by Shimamura et al. (1994) and Ota et al. 
(2018). Recently, this test is administered to TD children for examining their Hiragana 
reading and writing skills development.  
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Tasks related to cognitive processing abilities 
 
Phonological awareness tasks consisted of mora segmentation of normal syllables, long 
vowels, and geminate stop consonants, as well as non-word repetition tasks of 4-5 mora 
words. Visual cognition tasks included line-drawing tasks, spatial cognition tasks, and 
figure copying tasks.  
 
In the case of phonological tasks, practice exercises of 2-3-mora words were conducted 
twice before the main task in the following order based on Kakihana et al. (2009): 
normal syllables, long vowels, and geminate stop consonants. Moreover, for non-word 
repetition tasks, a practice exercise of three-mora words was conducted before the main 

Table 1 Participant characteristics by DS and TD children 

  Age group  All 

  4 years 5 years 6 years    

  DS TD DS TD DS TD  DS TD 

  N=8 N=24 N=12 N=23 N=10 N=12  N=30 N=59 

CA 

Range 
years: 
months 

8:04 
to 

16:02 

4:00 
to 

4:11 

8:06 
to 

15:08 

5:00- 
to 

5:11 

11:02 
to 

16:11 

6:00 
to 

6:07 
 

8:04 
to 

16:11 

4:00 
to 

6:07 

Mean 
years: 
months 

11:07 4:04 12:08 5:04 14:09 6:01  13:01 5:01 

SD  
months 

37.82 3.55 23.09 3.82 21.90 2.10  29.99 8.79 

MA 

Range 
years: 
months 

4:00 
to 

4:11 

4:00 
to 

4:11 

5:01 
to 

5:10 

5:00 
to 

5:11 

6:00 
to 

6:08 

6:00 
to 

6:07 
 

4:00 
to 

6:08 

4:00 
to 

6:07 

Mean 
years: 
months 

4:05 4:04 5:05 5:04 6:04 6:01  5:05 5:01 

SD  
months 

3.90 3.55 3.20 3.82 2.68 2.10  9.36 8.79 



Asia Pacific Journal of Developmental Differences 
Vol. 8  No. 2  July 2021 

© 2021 Dyslexia Association of Singapore 
www.das.org.sg 

   275                M. Maeda, M. Koizumi, K. Hosokawa and M. Kojima 

task in the following order: four-mora words and five-mora words also by referring to 
Kakihana et al. (2009). The above tasks were selected because they were used in a 
previous study to examine 3-4-year-old children’s reading skills. 
 
Line-drawing tasks of drawing straight lines with different thickness, C-curves, inverted C-
curves, and wavy lines were conducted as visual cognition tasks by referring to Gunji et 
al. (2015). Correlations between these tasks in the Frostig Developmental Test of Visual 
Perception for assessing visual perception skills, and writing skills, have been reported.  
 
Moreover, the participants were requested to conduct a spatial cognition task of 
reproducing two types of sample patterns by connecting nine dots consisting of 3 rows X 
3 rows by drawing lines. Furthermore, the participants conducted a figure copying task of 
copying a triangle. 
 
Questionnaire on basic attributes of children and life environment related to reading 
and writing skills: 
 
The question items in the questionnaire on the living environment were developed based 
on the children’s basic attributes (age, affiliation, the presence of complications, among 
others) by referring to Hamano et al. (2012). The parents of the participants responded 
to the questions. The content of the question items included the following: past and 
present conditions of teaching reading/writing and the frequency of reading/writing 
activities in kindergartens, nursery schools, and schools, opportunities of contact with the 
characters and the frequency of reading and writing activities at home, children’s interest 
in the characters, and the frequency of reading and writing activities in the current living 
environment.   
 
Intellectual ability tests 
The Tanaka-Binet Intelligence Scale V (Tanaka Institute for Educational Research, 2005)
was administered to children with DS. This is a standardized intelligence test with 
established reliability and validity for Japanese respondents, which is frequently used to 
assess the mental age and IQ of children with intellectual disabilities.  
 
Procedures 
 
All the tasks were conducted individually by the first author. 
 
Scoring 
 
Table 2 shows the number of tasks and scoring criteria of Hiragana reading and writing 
tasks and cognitive information processing ability tasks. Environmental factors were 
scored based on the responses to the questionnaire by calculating the number of years 
of being taught reading and writing and conducting reading and writing activities to 
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Table 2 The number of tasks, the criteria, and the range of the scores 

THE NUMBER OF TASKS THE SCORING CRITERIA 
SCORE 
RANGE 

TASKS 

 

 

voiceless sounds 
46 characters  

1 point per character 1～46 

voiced/ 
semi-voiced sounds 

voiced sounds 20 characters &  
semi-voiced sounds 25 characters  

1 point per character 
0～25 

special syllables 
3 characters and 20 words  

1 point per character and word 0～23 

 

voiceless sounds 
46 characters  

1 point per character 0～46 

voiced/ 
semi-voiced sounds 

voiced sounds 20 characters & semi-voiced sounds 25 
characters  

1 point per character 
0～25 

 

 

mora segmentation 
9 questions  

1 point per question 0～9 

non-word repetition 
tasks of 4 mora 
words 

10 questions  
1 point per question 0～10 

non-word repetition 
tasks of 5 mora 
words 

10 questions  
1 point per question 0～10 

 

line-drawing tasks 

8 questions  
2 points: A continuous line is drawn between two 
parallel lines. 

1 point: The drawn line touches two parallel lines 
at one point or more, or the line sticks out from the 
start or endpoint of the two parallel lines by less 
than 1.3mm. 

0 point: The drawn line sticks out from the space 
between the parallel lines, or is cut off in the middle, 
or sticks out from the start or endpoint of the 
parallel lines by more than 1.3mm, or is shorter than 
the parallel lines by over 3 mm. 

0～8 

spatial cognition 
tasks 

2 questions  
1 point: The line is completely identical to the 
model. 

0 point: The line is different from the model. 

0～2 

figure copying tasks 

1 questions  
Tanaka-Binet Intelligence Scale scoring criteria 
was used. 

0～1 
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date. Moreover, parents were requested to respond to questions using a four-point scale 
on opportunities that children had of contact with characters, the frequency of reading 
and writing activities, and the number of books or character learning materials at home. 
The total scores were calculated and regarded as the reading and writing activity at 
home score. Parents were also requested to respond to questions using a three-point 
scale on children’s interest in the characters. The total scores were calculated and 
regarded as the children’s interest in the characters scores. 
 
Ethical considerations 
 
This study was conducted after obtaining approval from the ethics committee of the 
institution in which the author is enrolled. Prior to conducting the survey, consent was 
obtained from the representatives of parents’ associations and school principals. 
Moreover, written or oral explanations were given to parents in advance about the 
outline of the study, the time that was required, and ethical considerations, among 
others. The survey was conducted after obtaining their consent. 
 
Methods of Analysis 
 
Thirty responses were collected for the questionnaire on environmental factors from 
Children with DS’s parents (the response rate=100%). Among them, 3 responses with 
missing values were excluded, and 27 data-sets were analysed. On the other hand, 50 
responses were collected from TD children’s parents (the response rate=85%). Among 
them, 4 responses with missing values were excluded, and 46 data-sets were analysed. 
Therefore, the number of participants in the analysis of the correlations with 
environmental factors was as follows. There are 7 children with DS with a MA four-years, 
11 children with DS with a MA five-years, and 9 children with DS with a MA six-years. TD 
children: 17 four-year-old children, 19 five-year-old children, and 10 six-year-old children. 
 
The assumption of a normal distribution was rejected for the character types in analysing 
the reading and writing task scores of children with DS. Therefore, a nonparametric test 
was used. First, differences in the scores of each task between children with DS and TD 
children were examined by classifying children with DS into MA of 4-, 5-, and 6-year-old 
groups and TD children into CA of 4-, 5-, and 6-year-old groups. The Mann-Whitney U test 
was conducted on the same age groups for the reading and writing task scores, 
cognitive processing ability task scores, and environmental factor scores as dependent 
variables and the presence of disabilities as an independent variable. Next, correlations 
between reading and writing task scores and cognitive processing ability task scores, as 
well as environmental factor scores were examined by calculating the Spearman’s rank 
correlation coefficient with reading and writing activity scores, cognitive processing 
ability task scores, and environmental factor scores of children with DS and TD children 
as dependent variables. 
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RESULT 
 
Comparison of reading and writing task scores, cognitive processing ability task scores, 
and environmental factors scores between children with DS and TD children 
Table 3 shows differences in reading and writing task scores based on the MA and the 
CA. Significant differences were shown in reading and writing task scores for writing 
voiceless sounds, reading and writing voiced/semi-voiced sounds, and reading special 
syllables in the four-year-old group. In the five- and six-year-old groups, significant 
differences were shown in writing voiceless sounds and voiced/semi-voiced sounds. The 
mean score of children with DS in each task was higher than TD children. On the other 
hand, no significant difference was shown in reading voiceless sounds.  
Moreover, significant differences in cognitive processing ability task scores were shown 
in the 4-mora nonword repetition task and 5-mora nonword repetition task between four-
and five-year-old groups. In the six-year-old group, a significant difference was shown in 
the 5-mora nonword repetition task. The mean score of TD children in each task was 
higher than that of children with DS. On the other hand, no significant differences were 
shown in the visual information processing ability tasks such as the line drawing task, 
spatial cognition task, and figure copying task, or in the mora segmentation tasks.  
Furthermore, there were significant differences in environmental factor scores in the 
number of years of being taught reading and writing as well as the number of years of 
reading and writing activities in all the age groups, such that the average number of 
years of both factors in children with DS was longer than TD children. On the other hand, 
no significant differences were shown in the reading and writing activity scores at home 
or the children’s interest in the characters. 
 
Correlations with factors related to reading and writing task scores 
 
Correlations between reading and writing task scores and cognitive processing task 
scores as well as environmental factor scores of children with DS and TD children, were 
examined (Table 4). 
 
Regarding the correlation between the reading and writing task and cognitive 
information processing task, in children with DS, positive correlations were shown 
between reading and writing all the types of characters and the task of mora 
segmentation, the task of reading special syllables and line-drawing task, the task of 
writing voiceless sounds and figure copying task, as well as the task of writing semi-
voiced sounds and 5-mora nonword repetition task. In contrast, no correlation was shown 
with the 4-mora nonword repetition task. In TD children, positive correlations were shown 
between the tasks of reading and writing all the types of characters and visual 
information processing ability tasks including the line-drawing task, spatial cognition task, 
and figure copying task, between the task of reading voiceless sounds and mora 
segmentation task as well as 4-mora nonword repetition task, and between the tasks of 
reading voiced/semi-voiced sounds as well as special syllables and 4-mora nonword 
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repetition task, whereas no correlation was shown with the 5-mora nonword repetition 
task. 
 
Regarding correlations between reading and writing tasks and environmental factor 
scores, in children with DS, positive correlations were shown between the task of reading 
special syllables and the number of years of teaching reading and writing as well as the 
number of years of experiencing reading and writing activities, whereas no correlations 
were shown with other reading and writing tasks. In TD children, there were no 
correlations between reading and writing tasks and environmental factor scores. 
As for correlations between reading and writing tasks and MA as well as CA, in children 
with DS, positive correlations were shown between the task of reading special syllables 
and CA and between the task of writing voiced/semi-voiced sounds and MA as well as 
CA. In TD children, a positive correlation was shown between the tasks of reading and 
writing all the types of characters and CA. 
 
DISCUSSION 
 
Comparison of reading and writing task scores, cognitive processing ability task scores, 
and environmental factors scores between children with DS and TD children 
Utashiro et al. (2015) indicated that the reading ability of children with intellectual and 
developmental disabilities with a MA of four years was higher than TD children with a CA 
of four years. The same result was indicated in the present study on children with DS with 
a MA of four years. Moreover, the result of no difference in the single character reading 
task score between five- or six-year-old children with DS and TD children was consistent 
with Utashiro et al. (2015). It has been indicated that four-year-old TD children become 
able to read about half the voiceless sounds and syllabic nasals (Shimamura et al.,1994). 
The present study indicated the reading ability of Children with DS with a MA of 4 years 
was higher than TD children. Moreover, the writing ability of children with DS was higher 
than TD children of all age groups (4-, 5-, and 6-year-old groups), suggesting that writing 
ability might be affected by life experience. It was suggested that children with DS might 
be able to acquire reading and writing abilities that are higher than their MA level, 
assumed based on TD children, as a result of receiving continuous teaching and 
conducting continuous learning activities 
 
Regarding cognitive processing ability task scores, no differences were shown in visual 
information processing ability tasks and mora segmentation tasks between children with 
DS and TD children, suggesting that these abilities might be acquired based on MA. On 
the other hand, differences were shown in the scores of 4-mora and 5-mora nonword 
repetition tasks between children with DS and TD children. Previous studies have 
indicated that children with DS have a poor memory of auditory verbal stimulation. In 
nonword repetition tasks, participants are required to reproduce words only by listening 
(Kanno, 1992). Therefore, the weakness of verbal short-term memory in children with DS 
might have affected these results. 
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Correlations with factors related to reading and writing task scores 
 
Different tasks were correlated with reading and writing tasks between children with DS 
and TD children. In children with DS, positive correlations were shown between all the 
reading and writing tasks and mora segmentation tasks. Cossu et al. (1993) suggested 
that the phoneme segmentation ability in children with DS was lower, compared to TD 
children with an equal level of reading ability. In Japanese, character notation is 
performed based on the mora. Therefore, the awareness of mora would have a 
significant effect on reading and writing abilities. In other words, it is considered that 
mora segmentation ability of general syllables and long vowel sounds, as well as a 
double consonant, would be necessary for children with DS to acquire reading and 
writing abilities. 
 
It has been indicated that the ability to read contracted syllables develops in TD children 
in the senior class of kindergarten without teaching (Endo, 1990). The present study 
indicated there was a low correlation between the ability to read special syllables and 
the number of years of teaching or reading and writing activities in 4~6-year-old TD 
children. On the other hand, in children with DS, a moderate to strong correlation was 
shown between the ability to read special syllables and the number of years of teaching 
or reading and writing activities, suggesting a strong effect of the learning experience. 
In TD children, line-drawing, spatial cognition, and triangle copying abilities had a 
significant effect on Hiragana writing ability, which is consistent with previous studies 
(Gunji et al., 2015). On the other hand, in children with DS, only the figure copying task 
had a moderate correlation with the ability to write voiceless sounds. It is considered 
that the ability to copy a triangle especially affects the writing ability of children with DS. 
 
A moderate correlation was indicated between the ability to write voiced/semi-voiced 
sounds and the 5-mora nonword repetition task in children with DS, whereas no such 
correlation was shown in TD children. Charles et al. (2012) indicated that the word 
listening ability did not have a significant effect on children with DS’s reading ability, 
whereas Cossu et al. (1993) indicated that listening and writing words task score in 
children with DS was lower, compared to TD children with an identical level of the 
reading ability. The writing task used in the present study was as follows; looking at the 
illustration drawn on the sheet and writing the name of the illustration. This task requires 
visual information, and participants do not need listening and discriminating characters. 
However, the discrimination between voiced and semi-voiced sounds might be affected 
by the auditory speech discrimination ability. Moreover, the score of the 5-mora nonword 
repetition task of 6-year-old children with DS was lower than 6-year-old TD children. It was 
suggested that poor verbal short-term memory in children with DS might affect the ability 
to write voiced/semi-voiced sounds. 
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LIMITATIONS 
 
This study examined correlations between reading and writing abilities and cognitive 
processing abilities as well as environmental factors in children with DS. It was indicated 
children with DS with a MA of four could read most of the voiceless sounds and voices/
semi-voiced sounds. Since it was suggested that cognitive processing ability affects the 
reading and writing ability of children with Down syndrome, it is necessary to consider 
effective teaching of reading and writing ability. In the future, children with DS with a 
MA of under four should be examined. Moreover, it was indicated that the 5-mora 
nonword repetition task was correlated to the task of writing voiced/semi-voiced sounds, 
and a correlation with the auditory listening ability was suggested. Therefore, the level of 
the auditory speech discrimination ability that is necessary for phonological information 
processing should be investigated. 
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