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Abstract

Previous studies have examined that the reading abilities of Very Low Birth Weight (VLBW) children are poorer
than those of Normal Birth Weight (NBW) children. However, little is known about the cognitive functions that
have been used to explain the reading problems in VLBW children. This study investigated that the effects of
attention function on reading abilities in VLBW children. 23 VLBW children (mean age 9.1 years old) and 23
NBW children (mean age 9.2 years old) completed a reading test (containing word reading and non-word
reading tasks), attention tasks, a phonological task and a naming task. The group differences were significant for
the non-word reading task and attention tasks. Moreover, there were significant correlations between scores on
the reading test and those on attention tasks. Multiple stepwise regression analysis suggested the reading scores
were influenced by attention. These results of the present study suggest that attentional dyslexia is a
characteristic of reading among VLBW children.
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1. Introduction

Children born at Very Low Birth Weight (VLBW; <1,500¢g) are at risk of poor academic attainment (Johnson,
Wolke, Hennessy, & Marlow, 2011; Litt et al., 2012). In a comparative survey of four countries—the United
States, Canada, Germany and the Netherlands—over half of the extremely low birth weight children (children
with birth weight under 1000g) needed special education services or had repeated a grade (Saigal et al., 2003).
Severely poor academic attainment are associated with the risk of learning disabilities, and the incidence of
learning disabilities in VLBW children is higher than that in Normal Birth Weight (NBW) children (Litt, Taylor,
Klein, & Hack, 2005; Saigal, Rosenbaum, Szatmari, & Campbell, 1991). Moreover, Stanton-Chapman, Chapman,
and Scott (2001) reported that the Apgar score (at 5 minutes after birth) correlated to the diagnosis of learning
disabilities. The central symptom of learning disabilities is reading disorder. This study aimed to examine
reading disorder among VLBW children.

1.1 Reading Disorders of VLBW Children

Many studies have found that the reading abilities of preterm/VLBW children are poorer than those of
term/NBW children (Aarnoudse-Moens et al., 2009; Kovachy, Adams, Tamaresis, & Feldman, 2015). However,
the degree of severity of such reading problems differs across studies. These differences are caused by factors
such as the types of reading assessments implemented and age of the sample. Extremely preterm children
experienced equal deficits in both word and pseudo word reading at 11 years of age (Johnson et al., 2011). At
school age, very preterm children performed more poorly on complex word reading than on simple word reading
(Aarnoudse-Moens, Oosterlaan, Duivenvoorden, Bernard van Goudoever, & Weisglas-Kuperus, 2011).
Additionally, at 8 years of age, VLBW children had no deficit in reading accuracy, but exhibited impairments in
reading speed (Guarini et al., 2010). Furthermore, while some research argues that the severity of reading
disabilities reduces with age (Samuellson et al., 2006), the tendency of catch-up is limited to simple words, and
no improvement was seen in complex words even with age (Aarnoudse-Moens et al., 2011).
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Most studies for reading in VLBW children have conducted with alphabetic languages. There are very few
studies about reading abilities of VLBW children in non-alphabetic writing cultures. This research addresses the
reading characteristics of VLBW children whose language is Japanese, which does not use alphabets. The
Japanese language makes use of two character forms: kana characters (hiragana and katakana) and kanji. In
kana, each character represents a single sound (a mora, to be precise). Two-mora words are expressed by
combining two characters (see Figure 1). On the other hand, kanji expresses morphemes as well as sounds. A
kanji has multiple pronunciations based on how it is used within a sentence (see Figure 2). Moreover, as
compared to kana, kanji has a larger number of characters, more complex character forms. While Japanese
children learn all kana characters in the first grade, they continue to study kanji until the completion of middle
school (the ninth grade).

1.2 Cognitive Function That Affect the Reading of VLBW Children
¢F 3
Figure 1. An example of Japanese hiragana

Note. A word spoken [uma] phonetically is written like Figure 1. The sound of the first letter of Figure 1a is [u], the sound of the last letter is
[ma].

“\\I

Figure 2. An example of Japanese kanji

Note. A kanji like Figure 2 means horse. However, its pronunciation varies from [uma], [ba] to [ma], depending on the sentence.

The purpose of this study was to determine the core cognitive factors that influence the reading deficits among
VLBW children. The double deficit hypothesis (Wolf & Bowers, 1999) is a well-known explanation of the
causes of dyslexia. The double deficit hypothesis suggests that poor readers show deficits in either phonological
processing or naming speed, or in both. However, in recent years, there have been studies postulating that
attention also influences reading abilities. Some studies indicate that children who experience reading difficulties
have problems with visuospatial attention skills (Bosse, Tainturier, & Valdois, 2007; Franceschini, Gori, Ruffino,
Pedrolli, & Facoetti, 2012). Given these findings, some researchers discuss the existence of attentional dyslexia,
the causes of which differ from the dyslexic symptoms indicated by the double deficit hypothesis (Elliott &
Grigorenko, 2014). In addition, VLBW children have been reported to exhibit attention deficits (Anderson et al.,
2011; Johnson & Wolke, 2013; Mulder, Pitchford, Hagger, & Marlow, 2009). Therefore, in studying the cause of
reading impairments in VLBW children, attentional dyslexia may be a highly relevant concept.

Although, little is known about the cognitive functions that have been used to explain the reading problems in
VLBW children, Wocadlo and Rieger (2007) examined the reading abilities of very preterm children using the
double deficit hypothesis. They indicated that very preterm children who had difficulties with phonological
processing or naming speed scored lower on reading accuracy than did very preterm children who did not have
such difficulties. Further, those who had problems with both phonological processing and naming speed had
even poorer reading scores. Thus, they revealed that the double deficit hypothesis was also applicable to the
reading abilities of very preterm children. However, as their research did not make comparisons with full term
and/or normal birth weight children, it has not been clarified whether VLBW children’s scores on reading
accuracy, phonological processing, and naming speed were lower than those of NBW children. Moreover, they
suggested that attention is likely associated to their reading performance. Nevertheless, they did not conduct a
separate test of attention.

Very few studies have compared VLBW children’s phonological processing and naming speed with NBW
children. With regard to phonological processing, VLBW children’s scores have been shown to be lower than
those of NBW children (Guarini et al., 2010; Johnson et al., 2011; T. Luu, Vohr, Allan, Schneider, & Ment, 2011;
Mullen et al., 2011). On the other hand, there have been no differences shown in naming speed between VLBW
(or preterm) children and NBW (or term) children (Luu et al., 2009; Mullen et al., 2011; Myers et al., 2010;
Saavalainen et al., 2006).
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Studies on VLBW children’s brain functions suggest that attention influences reading. A study using
magnetoencephalography (MEG) showed differences in the areas of brain activity between term children and
preterm children. Preterm children particularly those with above average reading scores, demonstrated an over
activation in the Broca’s area, which is linked to language skills, and the prefrontal area, which is linked to
attention. Further, poor activation of the prefrontal area was observed in preterm children who had reading
difficulties (Frye et al., 2009). Nevertheless, only a few studies have clarified the relation between VLBW
children’s reading and attention using psychological measurement methods. While Anderson et al. (2011)
suggest that the function of attention is related to VLBW children’s reading, they did not conduct a reading test.
According to Jaekel, Wolke, and Bartmann (2013), behavioral observation of inattention is related to academic
outcomes. Yet, this study did not utilize any neuropsychological test of attention. In other words, very few
studies on the relation between reading abilities and attentional functions of VLBW children used objective
methods to investigate either of these abilities. Therefore, the present study aims to explore VLBW children’s
reading, and cognitive functions, which may have an influence on reading. It will explore the hypotheses that
there are no group differences in the phonological processing and naming speed task scores, but that the scores
of attention would be lower in VLBW children than that in NBW children; and phonological processing, naming
speed and attention will influence reading abilities.

2. Method
2.1 Participants

Participants were 23 VLBW children (<1,500g birth weight, without intellectual disabilities or any apparent
physical, visual, or hearing disabilities) and 23 NBW children (control group). All VLBW children were born in
Hospital A (17 male, 6 female; mean age 9.1 years, mean birth weight 822.7g, mean gestation period 27.2
weeks). Table 1 indicates the perinatal characteristics of the VLBW group. The NBW group included 23 children
who attended Primary School B (16 male, 7 female; mean age 9.2 years). All NBW children were healthy and
with no history of perinatal problems and developmental disabilities. To make the groups as comparable as
possible, we eliminated the participants with intellectual disabilities, cerebral palsy, or visual disabilities.
Independent sample ¢ test revealed that VLBW group and NBW group sample did not differ significantly on their
ages.

Table 1. Medical characteristics of the VLBW group

Mean SD

Birth weight (g) 822.7 263.1
Gestational age (weeks) 27.2 3.0
Head circumference at birth (cm) 23.9 2.5
Maternal age 30.7 4.0
Apgar 1 minute 43 1.9
Apgar 5 minute 7.2 1.8
Time on respirator (days) 36.7 28.9
Time on Oxygen (days) 384 429
number

intraventricular hemorrhage 4
periventricular leukomalacia 1
bronchopulmonary dysplasia 15
retinopathy of prematurity 19

Note 1. IVH grade is [.

In order to ensure the similarity of two groups’ intelligence, we conducted the “block design” and “words”
subtests of the Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV). This serves as a screening

method to estimate group differences in intellectual abilities, and has also been used in a previous study targeting
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VLBW children (Kulseng et al., 2006). The groups did not show any differences at 5% level. Thus, the two
samples did not differ in terms of intellectual abilities.

2.2 Ethical Considerations and Recruitment Procedure

This research obtained approval from the Osaka University Graduate School of Human Sciences Behavioral
Sciences Research Ethics Committee (No. 24066). Additionally, for the sample of VLBW children, we received
ethical approval from the Ethics Committee of Hospital A. An in-clinic psychologist explained this study during
regular follow-ups at Hospital A, and we conducted assessments on children who consented to participate in this
study. Furthermore, we also obtained approval to implement the study from the educational committee of
Primary School B’s municipality. The principal explained the study in a parent-teacher meeting, and consent
forms were distributed. We conducted assessments on children who gave consent.

2.3 Neuropsychological Measurement Items
2.3.1 Measurement of Reading Abilities

Reading abilities were assessed using the “reading test” (Inagaki, 2010). In this task, the child needs to read
aloud thirty words and non-words each, consisting of four Airagana characters. We recorded the time required
for oral reading to indicate fluency, and the number of reading mistakes to assess accuracy of decoding.

2.3.2 Measurement of Attention

Visual search tasks are often utilized as measurements of attention in reading research. This study employed the
Sky Search and Map Mission tasks from the Test of Everyday Attention for Children (TEA-Ch: Manly,
Robertson, Anderson, & Nimmo-Smith, 1999). TEA-Ch has not been standardized in Japan, so we translated as
we went. In both tasks, the child is asked to search for target visual stimuli. While the Sky Search task has no set
time limitations, the Map Mission task must be completed within one minute.

2.3.3 Measurement of Phonological Processing Abilities

There are no standardized tests to assess phonological processing in Japan. Phoneme deletion task and word
reversal task are the recommended methods to assess phonological processing (Hara, 2003). The phoneme
deletion task would be easy given the age of the participants in this study, and is thus highly likely to
demonstrate a ceiling effect. So this study utilized the word reversal task. For this task, we used 15 words,
containing two- to four-mora words. For example, [tanuki] (a word meaning raccoon) is a three-mora word, and
in reverse, [kinuta] is a correct response. The word [zenbu] (meaning all) is a two-syllable word, but it is also a
three-mora word. Therefore, in reverse, [bunze] is correct. Each stimulus word was presented vocally, and the
children were asked to answer orally. We measured the number of mistakes.

2.3.4 Measurement of Naming Speed Ability

There is no standardized testing for naming speed ability in Japan. We utilised the Rapid Automated Naming
(RAN) task by Kaneko, Uno, Haruhara (2004). We prepared three A4-size papers with ten line drawings and ten
numbers placed randomly (each with different drawings and numbers). We measured the total time taken to
name the contents on the three sheets. We also measured the number of mistakes. However, we did not record
any mistakes in all the participants of this experiment.

2.4 Statistical Analysis

We performed independent #-tests to analyze group differences in the neuropsychological measurement tasks. To
investigate the impact of cognitive functions that influence on word reading, we ran a multiple regression
analysis using fluency scores of reading as the objective variable and the scores on Sky Search task, Map
Mission task, word reversal task and RAN task as the explanatory variable. To assess model fit, we applied a
stepwise procedure. We used Akaike’s Information Criterion (AIC) to indicate good fit model. All statistical
analyses were conducted using R3.1.2.

3. Results
3.1 Results of Neuropsychological Measurement Items
Table 2 indicates the measurement outcomes of the VLBW and NBW groups.
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Table 2. Scores for neuropsychological tests in VLBW and NBW children

Neuropsychological tests VLBW NBW
(n=23) (n=23)
(m=17, £=6) (m=16, £=7)
Mean SD Mean SD p

Reading accuracy Words (errors) 0.3 0.5 0.2 0.4 0.24
Nonwords (errors) 23 23 1.1 1.1 0.02
Reading fluency Words (sec) 30.9 10.2 335 13.3 0.22
Nonwords (sec) 64.9 14.1 57.3 16.6 0.04
Phonological processing naming speed  Word reversal (errors) 2.3 2.2 2.6 2.6 0.38
attention RAN (sec) 449 107 415 82 0.15
Sky search (duration/correct responses) 6.2 2.2 5.5 1.1 0.09
Map mission (correct responses) 23.6 5.0 27.8 73 0.02

3.1.1 Reading Test

There were no group differences in the scores of word reading task (accuracy: #(44)=0.70, p=0.24; fluency:
t(44)=0.76, p=0.22). On the other hand, the group differences were significant for non-word reading task
(accuracy: #(44)=2.19, p<0.05; fluency: #(44)=1.68, p<0.05).

3.1.2 Measurement Outcomes of Cognitive Functions

There were no group differences in the scores of the word reversal task and RAN task, which are measured in the
double deficit hypothesis of reading. The group differences were significant for Sky Search task and Map
Mission task. In other words, the VLBW and NBW groups showed no significant differences in phonological
processing task and naming speed task, but the VLBW group scored significantly lower than the NBW group in
the attention tasks.

3.2 Cognitive Functions That Influence Reading Abilities

First, we explored the association between the scores of neuropsychological tasks. There were significant
correlations between scores on reading test and those on double deficit (word reversal task and RAN task). With
regard to selective attention measurements, there were significant correlations between scores on reading test and
those on attention tasks (refer to Table 3).

Table 3. Correlations among neuropsychological tests

Neuropsychological tests 1 2 3 4 5
Reading fluency

1. Words

2. Nonwords 0.75%**

Double deficit for reading

3. Words reversal (phonological processing) 0.57*%*  (.53%%*

4. RAN task (naming speed) 0.58***  (Q.57%*%*  (.49%**

Attention

5. Sky serach 0.36* 0.277% -0.01 0.18

6. Map mission -0.15 -0.31% 0.10 -0.24 -0.30*

Note. $<0.1, *p<0.05, **p<0.01, **%p<0.001.
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Next, multiple stepwise regression analysis revealed the cognitive factors that influence reading scores. Table 4
indicates the outcomes. The word reversal, RAN, and Sky Search influenced word reading. The coefficient of
determination for this model was R*=0.51 at 0.1% level of significance [F(3, 42)=16.53, p<0.0001]. Similarly,
the word reversal, RAN, and Map Mission influenced non-word reading. The coefficient of determination for
this model was R’=0.44 at 0.1% level of significance [F(3, 42)=12.83, p<0.0001]. Both these models suggest
that the reading scores were influenced not only by phonological awareness and naming speed (the double deficit
hypothesis) but also by attentional functions.

Table 4. Neuropsychological abilities independently associated with reading from multivariable stepwise
regression analysis

Variables R’ B 95%CI P
Words 0.51

Word reversal (phonological processing) 0.43 [0.18-0.69] 0.001
RAN task (naming speed) 0.32 [0.07-0.56] 0.01
Sky search (attention) 0.31 [0.09-0.52] 0.006
Nonwords 0.44

Word reversal (phonological processing) 0.41 [0.15-0.68] 0.003
RAN task (naming speed) 0.30 [0.03-0.57] 0.03
Map mission (attention) -0.28 [-0.52--0.04] 0.02

Note. The B value of Map mission is minus quantity because higher scores for Map mission task are indicative of better performance but

lower scores for other tasks are indicative of better.

4. Discussion

This study rectified many of the limitations of previous research about reading abilities of VLBW children. By
conducting many neuropsychological tests, we were able to provide new knowledge about reading abilities in
VLBW children.

4.1 Reading Abilities of VLBW Children

VLBW children performed more poorly than NBW children on accuracy and fluency for non-word reading. In
contrast, VLBW children did not score differently from NBW children for word reading. According to Shaywitz
(2003), non-word reading is probably the best measurement of pure decoding abilities. These findings suggest
that VLBW children exhibit deficits in decoding.

Guarini et al. (2010) did not show significant differences of accuracy for non-word reading between VLBW and
NBW group. The sample used in Guarini et al.’s (2010) study had a mean birth weight of 1243g and a mean
gestational period of 30.4 weeks. Whereas, the sample used in this study had a mean birth weight of 822.7g and
a mean gestational period of 27.2 weeks. In other words, the children in this study were born smaller and earlier,
which may have contributed to further deficits in accuracy. For example, the prevalence rate of reading disorders
in late preterm (gestational period over 34 weeks but under 37 weeks) children was not significantly different
from that in term children (Harris et al., 2013). Additionally, a meta-analysis on the reading abilities of preterm
children with gestational age under 32 weeks found that the smaller the mean gestational age of the sampled
children in the data, the lower their reading abilities were (Kovachy et al., 2015). Moreover, a meta-analysis of
children with gestational age under 33 weeks and birth weight under 1500g revealed a correlation between
gestational age and birth weight, and reading scores (Aarnoudse-Moens, Weisglas-Kuperus, van Goudoever, &
Oosterlaan, 2009). In other words, these findings suggest that the smaller the gestational age and lighter the birth
weight, the higher is the risk of reading disorders. We consider that the differences in outcomes of our study and
those of Guarini et al. (2010) are due to the differences in the birth weight and gestational age of the VLBW
children sampled.

Next, we consider the reasons for the different outcomes of fluency for word reading in this study and that of

Guarini et al. (2010). The Italian version of the reading test, which Guarini et al. used for their study, included

112 words and 48 non-words, while the Japanese version of the reading test used in this research had 30 words
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each for words and non-words. Such differences in the number of items in the test could have influenced the
outcome of fluency. In other words, the fluency of VLBW children could deteriorate as the number of items
increase. This is due to the fact that VLBW children have difficulties maintaining attention, as indicated by
preceding studies (Anderson et al., 2011; Mulder et al., 2009). The difficulties of fluency in VLBW children may
not be apparent while they read fewer words, as observed in the present study; but when the number of words
increases, their fluency deteriorates as they are unable to maintain the attention required for reading.

4.2 Cognitive Functions That Influence VLBW Children's Reading

According to double deficit hypothesis (Wolf & Bowers, 1999), phonological processing and naming speed
relate to reading ability. Targeting 8 year-old very preterm children, Wocadlo and Rieger (2007) clarified that the
double deficit hypothesis also applies to preterm children. However, their study did not compare with the term
groups, and did not clarify if preterm children’s phonological processing and naming speed are impaired.
Therefore, the present study conducted comparisons between NBW and VLBW children, and examined whether
there are group differences in phonological processing and naming speed abilities. Additionally, this study also
investigated the relationship between attention and reading.

This study showed that the scores of phonological processing and naming speed in VLBW children were not
different from those of NBW children. With regards to naming speed, group differences have not been reported
in preceding studies either (Luu et al., 2009; Mullen et al., 2011; Saavalainen et al., 2006), thus matching the
outcome of the present study. Confirming that naming speed abilities are less likely to be impaired in
school-aged VLBW children.

With regard to phonological processing abilities, previous studies (Guarini et al., 2010; Johnson et al., 2011; Luu,
Vohr, Allan, Schneider, & Ment, 2011; Mullen et al., 2011) recognize group differences, which was not reflected
in the present findings. This inconsistency between previous studies and the present study may relate the
character system of language. While the previous studies targeted children in alphabetic writing cultures, the
present study targeted children in the Japanese language (non-alphabetic) culture. In recent years, some
researchers have argued that phonological processing may not have as much influence on reading abilities in the
Japanese language (Welty, Menn, & Oishi, 2014). On the other hand, some studies have reported phonological
processing scores to be correlated to the fluency and accuracy scores for reading (Seki, Kassai, Uchiyama, &
Koeda, 2008). This demonstrates a need for further research regarding phonological processing in the Japanese
language.

Next, this research hypothesized that attention relate to VLBW children’s reading, and we were able to verify
this hypothesis. The link between preterm children’s reading abilities and attention has been indicated in studies
using brain imaging (Frye et al., 2009, 2010), but there are few studies that indicate this relationship using a
psychological measurement. The present study supports findings of a study conducted by Frye et al. (2009, 2010)
using psychological methods. Our results showed that the score of selective attention in neuropsychological test
influenced reading abilities. Valdois et al. (2011) reported that there are children who have reading disorders due
to attention problems despite not having a phonological processing problem (Valdois et al., 2011). In other words,
the results of the present study suggest that attentional dyslexia (Elliott & Grigorenko, 2014) might be a
characteristic of reading among VLBW children.

4.3 The Limitations of the Present Study and Future Prospects

The present study investigated the reading abilities of Japanese VLBW children, but the reading tests were
limited to the reading of hiragana, and did not include kanji. As compared to hiragana, kanji has complex
character forms. As VLBW children scored lower on complex word reading as compared to simple word reading
in alphabetical writing forms (Aarnoudse-Moens et al., 2011), they may score lower on kanji reading than on
hiragana reading. Furthermore, kanji uses letters from the Chinese language. Interestingly, the brain areas
activated during reading are different for readers of an alphabetic language and the Chinese language, with
Chinese language readers demonstrating more brain activity in the left middle frontal gyrus. This area is related
to visual attention, and suggests that more visual attention is required to read the complex letters of the Chinese
language than for reading an alphabetical language (Siok, Perfetti, Jin, & Tan, 2004). In other words, it is
possible that reading kanji could require more visual attention than reading Airagana does. The need to clarify
the relationship between kanji reading and attention among VLBW children is a central theme in future research.
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