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How important is it?

Learning disabilities are problems that affect the child’s ability to receive, process,
analyze or store information. They can make it difficult for this child to read, write,
spell or solve math problems.

Dyscalculia, or mathematical disability, refers to a persistent difficulty in learning or
understanding number concepts, counting principles or arithmetic. These difficulties
are often called a mathematical disability. Between 3% and 8% of school-aged
children show persistent grade-to-grade difficulties in learning such mathematical
concepts. About half of children with dyscalculia are also delayed in learning to read
or have a reading disability, and many have attention deficit disorder (ADD).

Dyslexia, or reading disability, refers to an unexpected difficulty in reading,
“unexpected” meaning that all the factors necessary for reading appear to be present
(intelligence, motivation and at least adequate reading instruction), yet the child is
still struggling to read. Reading difficulties are not only highly prevalent (estimates
range from 25% to 40%); they are also persistent. Roughly 75% of children who
struggle to read in third grade will continue to struggle throughout school.

Failure in reading is highly correlated with overall school failure and subsequent
behaviour, social and emotional problems, with reading considered a protective
factor that helps to counter social and/or economic disadvantage. Mathematics
competence accounts for variance in employment, income and work productivity.
Learning disabilities are therefore a serious public-health problem, leading to life-
long difficulties in learning skills both in school and in the workplace, and creating
financial burdens on society.

What do we know?

Dyscalculia

Many studies indicate that dyscalculia is not related to intelligence, motivation or
other factors that might influence learning. Most of the children affected have specific
deficits in one or more areas, but often perform at grade level or better in other
areas.

The early signs of dyscalculia include a poor understanding of humber magnitude, a
rigid understanding of counting, and use of immature strategies during problem-
solving. In first grade, children with dyscalculia often do not know basic number
names (e.g. "9” = “nine”), and have difficulty identifying which number is larger or
smaller.

Almost all children - including those with dyscalculia - are able to learn the basic
counting sequence (“one, two, three, four..”). However, some children have
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Synthesis on learning disabilities

difficulty with the rules that underlie the ability to count effectively. These include
one-one correspondence (one and only one word tag, e.g. “one,” “two,” is assighed
to each object), stable order (the order of the word tag is the same across counted
sets), and cardinality (the value of the final word tag represents the quantity of
items in the set).

Many children with dyscalculia have trouble remembering basic arithmetic facts, such
as the answer to 5+3. Many of these children use immature problem-solving
strategies, such as relying on finger counting for more years than other children, and
they make more mistakes when counting.

Anxiety about mathematics can lead to errors. Dyscalculia is very likely to eventually
result in frustration and avoidance, and potentially excess anxiety that, in addition to
the underlying cognitive deficit, will almost certainly make it more difficult to learn
mathematics.

Dyslexia

The key discovery related to dyslexia is that reading is not natural, but is acquired
and must be taught. To read, a child must learn how to connect the abstract lines
and circles (i.e. letters) on a page to the sound of spoken language.

Recent evidence suggests both genetic and environmental influences in the
development of dyslexia. A child with an affected parent is 80 times more likely to be
dyslexic. Boys and girls who come from disadvantaged backgrounds are especially at
risk for developing reading difficulties, because they tend to have less exposure to
language and often lack the vocabulary skills or background knowledge necessary to
develop strong reading comprehension skills.

Although multiple developmental paths lead to dyslexia, children in need of
preventive training can be identified early by using two sources of information: the
family background in relation to reading, and the development of skills that can
predict reading acquisition (e.g. letter knowledge).

Learning disabilities, if left untreated, compromise knowledge acquisition, expose a
child to repeated experiences of failure and may reduce motivation for learning in
general. For dyslexia as well as dyscalculia, providing early help may avoid many of
the associated problems that affect self-esteem and emotional well-being.

What can be done?

Dyscalculia

In the primary grades, number combinations and word problems are two key
concepts for establishing a strong foundation. Number combinations are one-digit
addition and subtraction problems (e.g. 3+2=5). As the learner becomes proficient in
counting strategies, these pairs and associations move to long-term memory. Word
problems are linguistically presented questions that require sorting through
information and adding or subtracting one- or two-digit numerals.

To improve number combination skills, there are two intervention approaches:
conceptual instruction, where the teacher structures experiences to foster
interconnected knowledge about quantities and guides students to correct
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understandings; and drill and practice, where repeated pairings of problem stems
with correct answers serve to establish representations in long-term memory. The
latest research reports that a combination of these approaches results in better
outcomes.

To enhance word problem skills, two additional approaches exist: metacognitive
instruction, in which teachers help students apply planning and organizational
strategies, and schema-based instruction, in which students first master rules for
solving problem types and then develop schemas to group problems into types that
require similar solution strategies.

There is still much to be done in terms of basic research, assessment and
remediation of mathematical disabilities. A standardized diagnostic test is needed to
obtain more precise information on such aspects as counting knowledge and
mathematical problem-solving procedures for elementary school children with
dyscalculia. Measures are also needed to identify preschoolers at risk. As well, more
research is required on basic counting and arithmetic skills in preschool children as
they relate to later risk of dyscalculia, the genetics of dyscalculia and the
neurological systems that might be involved, and the co-occurrence of reading and
math problems.

Finally, the anxiety and avoidance of mathematics that are likely to result from the
cognitive deficits must be addressed. Without attention to the frustration and
anxiety, a risk for exacerbated and long-term problems in math exists.

Dyslexia

Brain imaging studies have revealed differences in brain activation patterns between
good and poor readers. When poor readers were taught with evidence-based
methods, however, their neural systems reorganized to resemble the brain activation
patterns of those observed in children who were good readers. This demonstrates
that teaching really matters.

In 2000, the National Reading Panel appointed by the U.S. Congress reported that to
learn to read, children must be taught five elements of reading: phonemic
awareness, phonics, fluency, vocabulary and reading comprehension. Phonemic
awareness is the ability to notice and identify the individual sounds of spoken words
(e.g. "mat” has three phenomes: “mmm?”-"aaa”-"t"). Phonics is the ability to link
letters to individual sounds. The knowledge that these two components are key to
developing a foundation for reading means that such skills and awareness can be
taught to young children, even before they are expected to read.

Simple rhyming games help children as young as three years old begin to appreciate
that spoken words come apart. For example, to know that “mat,” “hat” and “cat”
rhyme, a child must be able to focus on only a part of the word (the rhyme “at”).
Gradually, children learn to pull words apart, push them together and move the parts
around. Simple activities such as clapping to the number of sounds (syllables) in a
spoken word help children learn how to pull apart words.

Training and strengthening the core reading processes is the most likely way to
boost reading skills. Any activity that helps to develop language skills is to be
welcomed, but from age five, there should be more systematic practice of at least
five to 20 minutes per day, realized in the context of play. The most appropriate
preventive procedure is to use a consistency principle that favours the most
dominant and frequent letter-sound connections.
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Synthesis on learning disabilities

Children who are at risk should be identified and helped as early as possible.
Language development should be assessed beginning at age two - especially for
children from families with a background of dyslexia. If no delay is observed, the
next stage of identification of potential risk is at age four, when spontaneous
acquisition of letter knowledge provides good evidence of the possible need for
preventive practice.

Ultimately, young children’s literacy development involves a dynamic thinking and
linguistic process, incorporating problem-solving, discussion, reflection and decision-
making. Effective interventions for children who may be at risk of developing
learning disabilities should therefore focus on multidimensional learning.

Resolving questions about optimum approaches in the teaching of literacy and
mathematics for children at risk is more than an academic question, but has
ramifications at the national and international levels. Providing young children with
these basic skills enhances their academic, emotional and social well-being, with
lifelong implications.
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Introduction

Dyscalculia refers to a persistent difficulty in the learning or understanding of number
concepts (e.g. 4 > 5), counting principles (e.g. cardinality — that the last word tag, such as
“four,” stands for the number of counted objects), or arithmetic (e.g. remembering that 2
+ 3 = “5”). These difficulties are often called a mathematical disability. We cannot yet
predict which preschool children will go on to have dyscalculia, but studies that will
allow us to develop early screening measures are in progress.” At this time and on the
basis of normal development during the preschool years, it is likely that preschoolers who
do not know basic number names, quantities associated with small numbers (< 4), how to
count small sets of objects, or do not understand that subtraction results in less and
addition results in more are at risk for dyscalculia.”*°

Subject: How Common is Dyscalculia?

Between 3 and 8% of school-aged children show persistent grade-to-grade difficulties in
learning some aspects of number concepts, counting, arithmetic, or in related math
areas.” ' These and other studies indicate that these learning disabilities, or dyscalculia,
are not related to intelligence, motivation or other factors that might influence learning.
The finding that 3 to 8% of children have dyscalculia is misleading in some respects.
This is because most of these children have specific deficits in one or a few areas, but
often perform at grade level or better in other areas. About half of these children are also
delayed iSn learning to read or have a reading disability, and many have attention deficit
disorder.

Problems: What are the Common Features of Dyscalculia?

Some general conclusions can be made about the basic number, counting and arithmetic
skills of children with dyscalculia. As stated, screening measures that predict which
preschool children will have these problems in school are not yet available. However, as
stated, it is likely that preschoolers who do not know basic number names, quantities
associated with small numbers (< 4), how to count small sets of objects, or do not
understand simple addition and subtraction are at risk.’

Encyclopedia on Early Childhood Development 1
©2006 Centre of Excellence for Early Childhood Development
Geary DC



LEARNING DISABILITIES

Research Context and Recent Research Results

Number

In first grade, children with dyscalculia often do not know basic number names (e.g. “9”
= “nine”), and have difficulty discriminating which number is larger or smaller. They will
typically know that 3 is more than 2, but not know that 9 is more than 8. However, many
of these children catch up in these areas of number understanding, at least for simple
numbers.

Counting
Learning the basic counting sequence, "one, two, three and four ..." is not difficult;

almost all children learn this sequence, including most children with dyscalculia. What is
important is that children learn the basic rules that underlie the ability to count
effectively. These rules include One-one correspondence (one and only one word tag,
e.g. "one," "two" is assigned to each counted object); stable order (the order of the word
tags is the same across counted sets); and cardinality (the value of the final word tag
represents the quantity of items in the counted set).

Children’s understanding of these rules emerges during the preschool years, but they also
must come to understand that counting can be done correctly in ways that differ from the
typical. For instance, children will often observe adults counting from left-to-right and
counting each item in order. As a result, many children come to believe that you must
count in exactly this way. By second grade, most children understand that counting is
more flexible, but for children with dyscalculia this understanding is delayed by one or
two years.

Arithmetic

The basic arithmetic skills of children with dyscalculia have been extensively studied.™®
These studies, which have focused on how children solve simple arithmetic problems
(e.g. 4 +5=7), such as finger counting or remembering the answer, have revealed several
very consistent patterns:

First, many children with dyscalculia have difficulties remembering basic arithmetic
facts, such as the answers to 5+3.° It is not that these children do not remember any
arithmetic facts, but rather that they cannot remember as many facts as other children do
and appear to forget facts rather quickly. Second, many of these children use immature
problem-solving strategies. For example, they rely on finger counting for more years than
other children, and they make more mistakes when counting.’

Key Research Questions: Socio-Emotional Development

This is an area in which there is very little research. However, we now understand that
anxiety about mathematics can lead to errors, because thoughts about how well you are
doing can intrude into consciousness and disrupt mathematical problem-solving.’
Although math anxiety does not typically emerge until the middle of the elementary
school years, dyscalculia is very likely to eventually result in frustration, avoidance and
potentially excess anxiety when having to solve math problems. Any such anxiety will be
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in addition to the underlying cognitive deficit and will almost certainly make the learning
of mathematics even more difficult.

Conclusions

Between 3 and 8% of school-aged children will show evidence of dyscalculia. The early
signs of this form of disability include a poor understanding of number magnitude (e.g.
that 8 < 9), a rigid understanding of counting, and use of immature strategies during
problem-solving. One of the most common and long-term problems is difficulty
remembering basic arithmetic facts (e.g. 4+2 = “6”). These children are likely to be at
risk for development of math anxiety, which will lead to avoidance of mathematics and
make the acquisition of basic skills in this area even more difficult.

Implications: Where Do We Go from Here?
There is much that needs to be done is this area in terms of basic research, assessment
and diagnosis, and, of course, remediation.

Basic research

There are more unanswered than answered questions in this area. We need to know more
about basic counting and arithmetic skills in preschool children as this relates to later risk
of dyscalculia.’” We need to learn more about the genetics of dyscalculia and the
neurological systems that might be involved.® We need to know more about the co-
occurrence of reading and math problems, and how these problems may relate to risk of
math anxiety and school avoidance.

Diagnosis and Remediation

A standardized diagnostic test that provides more precise information on counting
knowledge, counting procedures used to solve arithmetic problems, the ability to
remember facts, and so forth is needed for elementary school children with dyscalculia,
as is a corresponding measure for identifying preschool children who might be at risk.’
Unfortunately, there is little research on effective instructional techniques that remediate
this learning difficulty.

Socio-Emotional Functioning

In addition to remediation for the cognitive deficits associated with dyscalculia, the
anxiety and avoidance of mathematics that is likely to result from these deficits needs to
be addressed. Without attention to the frustration and anxiety that is likely to be
associated with dyscalculia, a risk for exacerbated and long-term problems in math exists.
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Introduction

Developmental dyslexia was first reported in 1896, by a British physician, W. Pringle
Morgan, who described Percy F., a young student who was bright in every way, except
for his inability to read.! Today, over a century later, we continue to see bright children
who struggle to read. Dyslexia refers to an unexpected difficulty in reading; “unexpected”
meaning the child appears to have present all the factors necessary for reading
(intelligence, motivation and at least adequate reading instruction), and yet is still
struggling to read.” Although referred to as an “invisible” disability, dyslexia has
profound effects on a child, both through the impact of the effort reading requires and
through the great cost in terms of shame and anxiety associated with not being able to
read quickly or smoothly.

Subject

The key discovery related to reading is that reading is not natural, but is acquired and
must be taught. Although reading has its roots in spoken language, there are profound
differences between reading and speaking. Spoken language is natural; expose an infant
to a speaking environment and that child will learn to speak on his/her own. Reading is
acquired and must be taught. To read, a child must learn how to connect the abstract lines
and circles (letters) on a page to the sounds of spoken language. This process has two
components. First, the child must develop an awareness that spoken words are comprised
of elemental particles called phonemes; for example, the spoken word “mat” has three
underlying phonemes (“mmmm”-“aaaa”-“t”). This ability to notice and identify the
individual sounds of spoken words is called phonemic awareness. Next, the child learns
how to link letters to these individual sounds, a process called phonics. This process
begins with a child learning the names and shapes of the individual letters, recognizing
them and then learning how to print the letters. As the letters are mastered, the child
begins to learn how letters represent speech sounds and then how to use this knowledge
to decode or sound out individual words. Much of this activity involving speech sounds
and letters begins in the preschool period, when a solid foundation for reading is
developed.
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Simple rhyming games help children as young as three years old begin to appreciate that
spoken words come apart; to know that mat, hat and cat rhyme, a child must be able to
focus on only a part (the rthyme) - the “at” in this series of words. Progressively,
preschool children go on to compare sounds in different words and then learn to “work on
words,” pulling them apart (segmenting), pushing them together (blending), and moving
the parts within a word around.’ Simple activities such as clapping to the number of
sounds (syllables) in a spoken word help children learn how to pull apart words.
Currently, there are several commercial programs that help to teach these early skills to
young children.*

Problems

Reading difficulties are not only highly prevalent (estimates range from 25% to 40%);>”
they are also persis‘[en‘[.3’8'9 This is in contrast to the widely held, but incorrect, notion that
reading problems in young children represent a developmental lag that will be outgrown.
Knowledge that early reading problems persist adds a sense of urgency to providing
young children with effective reading instruction. Seventy-five percent of children who
struggle to read in third grade will continue to struggle throughout school.*’

Research Context

A range of studies, both in the laboratory and in the classroom, have examined the what”
and the “how” of teaching reading, that is, the influence of providing instruction in the
specific components of the reading process and how they are most effectively taught. In
particular, these studies have served to address questions related to two competing
hypotheses of teaching children to read. The first hypothesis posits that children best
learn to read naturally by learning to construct meaning from print,'® and the components
of reading are learned implicitly. The second suggests that the major components of the
reading process need to be taught by methods that are explicit and provide systematic
instruction about how letters relate to sounds.

Key Research Questions

Reflecting the prevalence and persistence of reading problems, the critical question is:
what are the most effective methods and approaches for providing reading instruction to
young children to help them become skilled readers?

Recent Research Results

In 1998, the U.S. Congress, concerned about the high prevalence of reading difficulties,
mandated that a National Reading Panel be appointed and review the existing reading
research literature to determine the most effective methods to teach reading to young
children. Two years later, the Panel reported its findings.'' To learn to read, children must
be taught five elements of reading: 1) phonemic awareness; 2) phonics; 3) fluency (the
ability to read not only accurately, but rapidly and with good understanding); 4)
vocabulary; and 5) reading comprehension. The Panel reported on the most effective
methods for teaching each of these components; furthermore, the evidence indicated that
children learn best when they are taught explicitly in an organized, systematic fashion.
The findings of the Panel represent a landmark in the development of “evidence-based
education,” where instruction is based on rigorous research findings rather than anecdotal
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information or philosophical leanings. Intervention studies have confirmed the significant
impact of such instruction.'*'* With the advent of new brain imaging techniques, we can
now appreciate the impact of instruction from a neurobiological perspective. Such brain
imaging studies have revealed differences in brain activation patterns between good and
poor readers; good readers activate three systems on the left side of the brain, while
struggling readers show diminished activation in two of these areas located in the back of
the left side of the brain.'*'> Importantly, these imaging studies demonstrate that when
young children are taught with such “evidence-based” methods, the neural systems within
their brains are able to take advantage of the instruction, reorganizing to resemble the
brain activation patterns observed in children who are good readers.'® This study
demonstrated beyond a doubt that teaching matters. Recent evidence suggests both
genetic'’ and environmental influences in the development of dyslexia.

Conclusions

Dyslexia is both highly prevalent and persistent. As children mature, they increasingly
depend on print to gain knowledge. While beginning readers learn more from what they
hear than from what they see, by seventh grade the balance tips to favour reading so that
by college, most of students’ knowledge and vocabulary are gained from reading.'®
Children learn about 3,000 new words a year; this means that a dyslexic child who is not
identified and taught by effective methods until third grade is already close to 10,000
words behind his peers,'”*’ and must not only catch up, but keep up as well. Converging
evidence indicates that reading is acquired and the critical difficulty reflects a problem in
phonological processing.”’ A new evidence-based approach to teaching children to read is
now emerging; behavioural as well as neurobiological studies indicate the effectiveness
of such approaches, particularly in the early school years. Studies indicate that reading
difficulties are multifactorial, influenced by both inherent (genetic) and experiential
factors. By providing help early, many of the associated problems that affect self-esteem
and emotional well-being may be avoided.

Implications

The findings that reading problems persist and that evidence-based approaches are
effective in remediating these difficulties in young children have significant implications
for policies affecting the education of young children. In addition, the knowledge that the
ability to notice and manipulate the sounds of spoken language as well as letter
knowledge are key to developing a foundation for reading means that such skills and
awareness can be taught to young children, even before they are expected to read. And
there is now accumulating evidence that these early reading skills can be taught to young
children in ways that are both enjoyable and effective. Children who enter formal
schooling prepared to learn to read are at a distinct advantage over those who do not
possess these skills. Boys and girls who come from disadvantaged backgrounds with less
exposure to language often do not have the vocabulary skills or background knowledge
necessary to develop strong reading comprehension skills and are especially at risk for
developing reading difficulties. Such children benefit from very early exposure to
vocabulary development and to learning about the world around them. How this is best
accomplished remains an open question. What is not open to question is that preparing
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young children to become readers has salutary effects on their socio-emotional
development as well as their schooling.
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Introduction

Because language is central to so many aspects of human life — cognition, social
interaction, education and vocation — valid identification, prevention, and treatment of
language disorders is a high priority for the therapeutic professions. Delay and/or
difficulty in beginning to use language is one of the most common causes of parental
concern for young children brought to pediatricians and other professionals.

Subject

In this article, we summarize current knowledge about the assessment of young children’s
language, particularly in the range of 24 to 30 months (for which we have the most
extensive information), in order to identify early language delay and/or risk for persistent
language impairment. The goal of this screening process is to guide decisions concerning
the need for further evaluation and treatment, in order to prevent the development of
more significant problems.

Problems

Early identification of language delay must resolve two fundamental problems. The first
is the problem of obtaining valid information for individual children at an age when they
are often noncompliant, especially those children with limited communication skills who
are the primary focus. Furthermore, the assessment technique must be cost-effective with
respect to professional time, and broadly applicable for children across a range of social
classes and language backgrounds, including bilingualism.

The second problem is one of interpretation. Many children whose language is delayed at
24 or 30 months will catch up over the next few years, and do not warrant intervention.'
The challenge is to identify and use other relevant information to improve decisions about
individual children.

Research context
The solution to the first problem above has been the revival of an older, but neglected
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technique: parent report.>” Parents have much more experience with their children than
professionals, and their experience is more representative of their child’s experiences and
interests. Vocabulary checklists and related questions for parents have proven to be
highly valid measures of early language development.*®’

Solving the second problem has required two programs of research: first, large-scale
norming studies to provide a basis for judgment of the relative status of a child’s
language (delayed or not)’ and second, longitudinal studies of outcome of early delay to
identify predictors of “spontaneous recovery” or continued delay.'

Key research questions

Five questions are central to early identification of language delay. First, what is a valid
criterion for defining early language delay? Second, how much variability in outcome is
there for early delay? Third, what other factors can add to prediction of outcome, and
how should they be integrated? Fourth, how do differences related to social class, gender,
and ethnicity affect the identification process? And fifth, how should the process be
modified for children acquiring two or more languages?

Recent research results

Toddlers who have not attained the expressive language skills exhibited by most children
the same age can be identified as having slow expressive language development (SELD).
Among English-speaking children, studies suggest that 90% of 24-month-olds have an
expressive vocabulary of at least 40-50 words and about 85% are combining words.’
Based on these findings, two criteria for identifying SELD among 24-month-olds are
commonly used: 1) small expressive vocabulary (less than 40-50 words, or below the 10"
percentile, depending on the tool used) and/or 2) no word combinations.*® The 10™
percentile criterion can be extended to other ages.

Children with SELD at age 2 are at two to five times higher risk for language impairment
persisting into the late preschool to elementary school years."” Although most two-year-
olds with SELD have language skills that are within the normal range by school age,’"
early expressive language delays should not be ignored, given the elevated risk of
persisting language impairment.

Longitudinal studies of two-year-olds with SELD have examined a variety of potential
predictor variables for persisting difficulties. Those variables which most regularly are
found to make some prediction include parent concern about possible problems with the
child’s speech/language development or hearing, family history of language impairment
or dyslexia (especially first degree relatives: parents, full siblings), receptive language
delays, frequent ear infections, limited vocalizations, and delayed pretend play.'®'""
Although none of these is a highly accurate predictor by itself, parental concern has been
the most consistently associated with language impairment."'> Combining predictors has
improved accuracy of predictions, but the optimal combination of predictors is not yet
known.

For monolingual children who speak languages other than English, there are adaptations
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of the widely used MacArthur-Bates Communicative Development Inventories (CDI) in a
number of languages.! There is considerable consistency across languages in children’s
early expressive language development. For example, about 85% of Spanish-speaking 24
to 26-month-olds are combining words and 90% or more of 24-month-olds have an
expressive vocabulary of at least 40 words."*

Bilingual children’s development of expressive vocabulary is comparable to monolingual
children when parent reports for both languages are obtained and combined using either
of two proposed methods. “Total vocabulary” in bilingual children (Language A +
Language B) is comparable to or exceeds monolingual children’s vocabulary size. “Total
conceptual vocabulary,” in which words with similar meanings (e.g., English “cat” and
Spanish “gato”) are counted only once, is comparable to vocabulary size in monolingual
children.">'® In addition, age of onset of word combinations is similar for bilingual and
monolingual children.">'”-®

Although pairs of monolingual forms can be used, there are also some bilingual
adaptations of vocabulary checklists available, including Spanish-English'® and German-
English'> adaptations of the Language Development Survey and a bilingual Spanish-
English scoring adaptation of the CDI."

Research gaps

Variation in findings across social groups and gender differences indicates that parent
report tools and/or criteria for early identification may need adjustment for different
populations. The rate of identification of SELD using parent report tools is much higher
for children from lower SES families; cut-offs that yield about 10% of middle class
children identify two to three times as many children from lower SES backgrounds."
Although children from low SES backgrounds are at somewhat higher risk for language
impairment, these major differences in rate of identification raise concerns about over-
identifying SELD among children from lower SES backgrounds. Children from minority
ethnic backgrounds had lower average scores when SES was controlled for in one study,
raising similar questions about the validity of parent report tools in culturally diverse
populations.” Finally, when uniform expressive vocabulary and word combination
criteria are used, more 2-year-old boys are identified with SELD,"*° raising a question
of whether different criteria may be appropriate for boys and girls. Research comparing
outcomes for boys and girls with SELD is needed to address this question.

Conclusions

Young children with expressive language skills that are approximately below the 10"
percentile are at much higher risk than peers for persisting language problems, even
though there is a wide range of outcomes and many children with SELD at two years of
age are in the average range by four years of age. A variety of additional variables are
associated with persisting delays, and parental concern about possible speech-language
problems is a key predictor of risk for language impairment.

' See also the MacArthur-Bates Communicative Development Inventories website. Available at:
http://www.sci.sdsu.edu/cdi/. Accessed November 3, 2009.
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Implications

Early childhood educators, health care providers and other professionals can identify risk
for language impairment in young children based on parent-reported information.
Immediate referral to a speech-language pathologist is recommended for children with
slow expressive language development if the parents are concerned that the child has
possible speech-language problems or when there are additional risk factors. On the other
hand, if the parents are not concerned about the child’s speech-language development and
there are no additional risk factors, monitoring (“watchful waiting”) is recommended for
children who are not combining words or who have a small expressive vocabulary (under
40 words) at 24 months.

Children who speak languages other than English should be referred for evaluation if they
are delayed in expressive vocabulary and onset of word combinations in their native
language. Because expressive language development is comparable among monolingual
and bilingual children, when bilingual children’s development in both languages is taken
into account, bilingual two-year-olds who are not combining and/or have small total
expressive vocabularies should be monitored and/or referred for further evaluation.

Collaborative efforts between practitioners and researchers on large scale screening
programs that combine screenings with follow-up evaluations are needed to refine and
validate models for predicting persisting language impairment for children with parent-
reported SELD, using other information about the child and family. These efforts should
also include work to adapt, implement and validate measures for children from homes in
which languages other than English are spoken, and for children from lower
socioeconomic backgrounds.
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Introduction and Subject

Evidence' suggests that 4 to 7% of the school-age population suffers from mathematics
disability (MD). Although this prevalence rate is similar to the rate for reading disability,
much less systematic study has been directed at MD.? Most available research describes
the nature of the disorder; less work is available to inform the nature of effective
prevention or remediation strategies. This relative neglect is problematic because MD is a
serious public-health problem, leading to life-long difficulties in school and in the
workplace and creating financial burdens on society. Mathematics competence, for
example, accounts for variance in employment, income and work productivity even after
intelligence and reading have been explained.’

Research Context

In the primary grades (e.g. kindergarten through third grade), number combinations and
word problems are two key dimensions of performance required to establish a strong
foundation. Not surprisingly, therefore, these two aspects of math skills are persistent and
severe and can cause difficulty for students with MD.* Number combinations are addition
and subtraction problems with one-digit operands (e.g. 3+2=5). Competent performance
involves automatic retrieval of answers from long-term memory. Individuals develop
representations in long-term memory by pairing problems with answers using
increasingly sophisticated counting and back-up strategies. Word problems are
linguistically presented questions, sometimes including irrelevant information or
charts/figures, for which answers require adding or subtracting of one- or two-digit
numerals. Word problems also present persistent challenges for students with MD.

Key Research Questions
A key research question concerns what intervention strategies can be used to prevent
difficulty or remediate deficits that develop in the primary grades.
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Recent Research Results

To answer number combination problems (e.g. 2+3), typical children gradually develop
procedural efficiency in counting. First, they count the two sets in their entirety (1, 2, 3,
4, 5); then they count from the first number (2, 3, 4, 5); and eventually they count from
the larger number (3, 4, 5). As conceptual knowledge matures, children also develop
backup strategies (2+3=[2+2]+1=4+1=5). As increasingly efficient counting and backup
strategies help children consistently and quickly pair problems with correct answers,
associations become established in long-term memory, and children gradually favour
memory-based retrieval of answers.

Students with MD, however, manifest greater difficulty with counting’ and persist with
immature backup strategies. So it is not surprising that they also fail to make the shift to
memory-based retrieval of answers.” When MD children do retrieve answers from
memory, they commit more errors and manifest unsystematic retrieval speeds more than
younger, academically normal counterparts.” In fact, number combination deficits are a
signature characteristic of students with MD. Prior work suggests the challenge of
remediating this deficit with intermediate-grade students,®” which is unfortunate because
number combination skill (NCS) appears to be foundational to higher-order
performance.® Given the foundational role NCS may play in the development of other
math skills, along with the difficulties of remediation at higher grades, intervention may
be important in the primary grades, when MD emerges.

Two competing approaches to intervention exist. With conceptual instruction, the teacher
structures experiences to foster interconnected knowledge about quantities, with teacher
explanations to guide students to correct understandings.'®'' The assumption is that NCS
evolves from strong concepts, which lend meaning to the strings of numerals constituting
arithmetic facts.'>">'*!* The second intervention approach is drill and practice, whereby
repeated pairings of problem stems with correct answers establish representations in long-
term memory. Siegler’s distribution of associations model'®'” accounts for the potential
importance of both approaches. The model poses that early counting skills and backup
strategies provide the basis for response accuracy. All results for a given problem
constitute an individual’s associations for that problem; so early errors interfere with the
retrieval of number combinations later on. This suggests the need for better strategic
thinking in the early stages (promoted by conceptual instruction) and the need for routine
pairing of correct answers with problem stems (enhanced via drill and practice).

Unfortunately, there have been few investigations of intervention efficacy to develop
NCS with children as early as in first, second or third grade. Most efficacy work is
remedial, conducted with intermediate-age students, focuses exclusively on drill/practice
and provides mixed results.'®'"**° One of the few early intervention studies®' was a small
pilot in first grade to assess the efficacy of computerized drill/practice. At-risk students (n
= 33) were randomly assigned to analogous drill and practice conditions in math or
reading, stratifying by classroom (so that students in the same classrooms were in both
conditions). The reading intervention served as the control for the math intervention.
Students completed 50 to 54 sessions over 14 weeks and were pre- and post-tested. The
math group improved significantly more than the reading group (ES = 0.92). In an
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ongoing remedial study with older students,” drill and practice software was integrated
with conceptual instruction. Using a multi-site randomized controlled field trial, 128
remedial students have so far completed intervention, and results reliably favour the
experimental over the control group (ES = 0.73).

With respect to enhancing word problem skill (WPS), most research has assessed the
value of planning and organization strategies with middle- and secondary-school
students. For example, Montague and Bos® assessed the effects of an eight-step
metacognitive treatment with six adolescents with learning disabilities. Students were
taught to read problems, paraphrase the problems aloud, graphically display known and
unknown information, state the known and unknown information, hypothesize solution
methods, estimate answers, calculate answers and check answers. Using a single-subject
design, the researchers showed that this metacognitive treatment promoted WPS. With
group design, Charles and Lester” provided support for a similar approach among
typically developing fifth and seventh graders.

The major contrasting intervention approach for developing WPS is schema-based
instruction. According to Cooper and Sweller,” students develop WPS by first mastering
rules for solving problem types and then developing schemas to group problems into
types that require similar solution strategies. The broader the schema, the greater the
probability individuals will recognize connections between problems they have worked
during instruction and novel problems. In experimental work at the intermediate grades,
Jitendra et al.*® invoked schema-based instruction to enhance WPS with good success.
We have extended that work to third grade, where the goal was to promote complex
WPS. For each of four problem types, students were taught problem-solution rules. Then,
with schema-based instruction, children were familiarized with the notion of transfer and
taught to build schemas by showing them how superficial problem features change
without altering problem-solution rules. In a series of randomized controlled trials, Fuchs
et al.”’*** provided empirical support for this approach, with large effect sizes (0.89-
2.14). More recently, Fuchs et al.”’ extended this research program at third grade to
address one-step change, equalize and compare word problems. Students with math and
reading disability (n=40) were randomly assigned to schema-based instruction and
control groups; results showed the efficacy of this approach with effect sizes of 0.77 to
1.25.

Conclusions

A theoretically supported approach, for which promising empirical evidence exists for
promoting NCS, is conceptually-oriented instruction into which drill and practice on
number combinations is integrated. For promoting WPS, the two major competing
approaches are metacognitive instruction, with which teachers help students apply
planning and organization strategies, and schema-based instruction. To date, however,
few investigations of intervention efficacy have contrasted the two prominent approaches
for promoting NCS or WPS, and inadequate work has been conducted at the primary
grades. In addition, no studies of long-term maintenance have been conducted.
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Implications

MD is a serious public-health problem, leading to life-long difficulties in school and in
the workplace and creating financial burdens on society. In light of the serious negative
outcomes associated with poor math performance, additional research is warranted to
examine methods for prevention and remediation, especially in the primary grades. At
present, research tentatively supports the use of conceptually-oriented instruction into
which drill and practice on number combinations is integrated for addressing number
combination difficulties. Metacognitive instruction and schema-based instruction
represent  promising  strategies  for  promoting  word  problem  skills.
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Introduction and Subject

If left untreated, difficulty with reading and writing compromises knowledge acquisition,
exposes a child to repeated experiences of failure, and thus may reduce motivation for
learning in general." Such consequences can have a long-term impact on educational
career, the learning of skills, and ultimately, the employment status that could otherwise
be achieved.

For a substantial number of children, the acquisition of reading and spelling is a difficult
challenge. The consequences and length of delay in this acquisition vary as a function of
the nature of the writing system (orthography) being learned. In a highly regular
orthography, such as Finnish, roughly 6% of children have difficulties with acquisition,
while more than 3% have severe difficulties and may continue to read too slowly to
facilitate the adequate comprehension of demanding text. Most, if not all, of these
children have a familial (genetic) background to their difficulties. By contrast, among
children who acquire reading skills in less orthographically regular languages, such as
English, the proportion of spontaneous learners is smaller and the number of delayed
early learners is relatively larger, with more than 10% of young readers of English facing
problems in achieving sufficient accuracy and fluency of reading and spelling.”

Children in need of preventive training can be identified early by using two sources of
information: the history of parents and/or other close relatives, such as siblings, in
relation to reading (familial background); and the development of those skills that can
predict reading acquisition. The Finnish prospective data, on which the present report is
based, reveal that even very early indices may be predictive.

Problems
Two important issues are how to identify those in need as early as possible and the actual
nature of prevention.
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Research Context

Only a small area of reading-related research has focused on early identification and
prevention. Those studies that have provided information about early identification™*¢”
have consistently observed a number of significant predictive indices. Information on
family background is helpful.>®*'* Gilger et al.'' have computed that a child with an
affected parent has a risk of being dyslexic of up to 80 times what would be expected to
occur in the general population. Another study puts the risk at four to five times higher
than in a random sample.'® In replicating and complementing earlier findings published
by Scarborough,’® the Jyviskyld Longitudinal Study of Dyslexia (JLD), which looked at
100 children at familial risk for dyslexia (and matched non-risk controls) from birth to
school age, found that 40% of children at familial risk encountered difficulties in
acquiring reading skills, with 20% encountering very severe reading problems. The
prevalence of difficulty in the control group in comparison to this 20% group with severe
difficulties and with familial background was only 2%. Thus, the most persistent reading
problems apparently occur among children with a familial background of dyslexia.
Although multiple developmental paths lead to dyslexia,'>" ultimately the common
factor is compromised reading, expressed from the first steps of reading acquisition, such
as learning of letter names. In terms of prevention and irrespective of the etiology of any
difficulty associated with reading, this means that time spent in training and strengthening
the core reading processes is the most likely guarantor of success in terms of elevating
reading skill.

Key Research Questions

Finnish is one of the most regular writing systems: there are only 23 letters, each
consistently represented by a single sound, and vice versa. Thus, the learning load is
minimal; consequently, Finnish children’s reading problems tend to manifest in the
storage and fluent automatic retrieval of these few letter-sound connections. This
difficulty can even occur in children with average to above-average 1Q and surprisingly,
sometimes in children with good or precocious general language development. This poses
a challenge to the early identification of children with such an explicit specific reading
difficulty.

Recent Research Results

Results from the JLD have shown that speech processing and perception measures taken
in infancy'*'® and delayed expressive language and to some extent, delayed receptive
language in toddlerhood, can differentiate children who end up with reading problems
from those who do not among children at familial risk for dyslexia.'® From age three, the
predictive measures include phonological skills.'” However, the single most easy to use
and reliable predictor is letter knowledge from three years of age;'® when combined with
rapid naming'® at age five or later, low scores on both of these indices seem to lead to
accurate prediction of reading failure, with only a few false positives if no preventive
training is provided.

In some cases, the difficulty is observable solely in letter-sound learning. This finding is
not surprising, as it is acknowledged that the effects of including letters in phonology
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training programs are additive.”**"** Thus, dynamic testing of letter sounds from age four

may be the most appropriate single tool for early identification, as letter sound learning
difficulty seems to be a bottleneck, irrespective of the developmental path which precedes
the reading failure.”

All this provides cues to the best prevention strategies. Nevertheless, the letter-sound
association learning should be organized in such a way that the child enjoys learning and
continues to practice until the goal has been reached. In Finnish, this goal is simply the
learning of the 23 connections. The case with less regular orthographies, such as English,
is much more complex, and this poses a major challenge to learning the connections
between written and spoken language units. Nonetheless, we believe that a preventive
training procedure, using a consistency principle that favours the most dominant and
frequent letter-sound connections as the initial step, is the most appropriate for preventive
training of reading in alphabetic languages, irrespective of the complexity of the
orthography. One such preventive tool that we have developed is based on a computer
game that ensures that children experience success, thus motivating them to continue for
long enough to achieve the goal of learning the letter-sound relationships. Lyytinen et
al.** have shown success (acceleration of letter knowledge, especially in those children
with poor initial pre-reading skills) with this method in the beginning phase of reading
acquisition in Finnish. It should, however, be noted that these findings were based on
playing for only a short period of time and, although not many differences were observed
in all these experiments in terms of end-goal of the intervention and non-intervention
groups, the intervention group was clearly behind at the starting point and had further to
go, thus achieving the aim in terms of redressing the imbalance in reading development
and preventing a child’s potential perception of failure relative to his or her peers.
Preliminary findings concerning English are also promising. The criticisms of many
(albeit effective) remediation programs relate to their cost-effectiveness in terms of
implementation costs and manpower requirements.”> With its simplicity, child-friendly
and child-directed interface, the computer game environment ensures better economy on
both of these counts.

Conclusion

Children who are at high risk for difficulties in the acquisition of basic reading skill
should be helped as early as possible. Those in need of preventive practice can be
identified with simple methods of letter-sound acquisition, the core skill of reading. This
can be practiced long before the child encounters too many failure experiences at school:
encounters that may have detrimental effects on learning motivation. Such training
should, however, be highly enjoyable and, when provided in a game context, appropriate
for children at this age — five to six years.

Implications

Children, especially those whose familial background points to the possibility of risk for
reading failure, should be attended to from age two with regard to language development.
If no delay is observed, the next stage of identification of potential risk is at age four,
when spontaneous acquisition of letter knowledge provides good evidence of the possible
need for preventive practice. If none or few (one to five) letters are familiar to the child, a
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short game to learn some new letter-names is instigated. If acquisition proves difficult,
the child may require slowly increasing attention to reading-related learning. All activity
that aids the development of language skills is to be welcomed but, from age five, more
systematic practice (realized in the context of play) of at least five to 20 minutes’ duration
per day should be in place for the years (kindergarten to grade 2-3) during which the
child needs help in order to match classmates’ rate of learning. It is important that
rudimentary skills be acquired sufficiently early to help the child glean enjoyment from
reading. Beyond this, the best learning environment is, of course, reading itself, and the
most challenging issue is how to sustain the child’s interest in reading. The results of the
JLD, as well as U.S. data,”® show that approximately 20% of children who have familial
background and serious difficulty at the beginning of their reading acquisition become
fully “compensated.” The main characteristic of these individuals is a sustained interest in
literacy, as documented by their long educational careers.
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Introduction

The identification and prevention of learning disabilities and subsequent intervention are
prime objectives for those concerned with early childhood development. It is known that
untreated learning difficulties lead to high rates of mental illness;' social and emotional
problems;® behaviour problems in school’ and incarceration in our prison system.*”
Failure in early reading is highly correlated with overall school failure and later antisocial
behaviour.® The papers presented by Lyytinen and Erskine, and Fuchs are worthy
representations of current empirical research in the two very important areas of early
literacy and maths development.

Research and Conclusions

In their overview of early identification and prevention of reading difficulty, Lyytinen
and Erskine highlight the important issue of unresolved learning difficulties and the
subsequent lack of motivation resulting from failure. Without adequate and effective
treatment, only a minority of children with reading difficulties achieve satisfactory levels
of reading. It is therefore imperative that we understand, design and evaluate the optimum
approaches for these children.

The authors have brought to our attention the considerable difficulties associated with
“irregular” versus “regular” orthographies. This is an important consideration when we
attempt to compare literacy levels in different contexts. In contrast to the figures of 6%
and 3% quoted in this paper, up to 15% of Australian children still fail national
benchmark tests in reading, despite receiving intervention support.’

The point regarding the genetic influence on reading disability is timely and one that
must be emphasized in current literature on effective screening measures.® The point is
also made that children who have the most persistent reading problems are those with a
familial background of dyslexia.

The two research questions posed are how to identify those in need as early as possible
and the actual nature of the intervention.
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While the authors acknowledge all the early indicators of reading difficulty, including
receptive and expressive language and phonological skills, they seem to have
concentrated on letter knowledge as the only predictor on the grounds that it is easy to
use and a reliable predictor. Rapid naming is also mentioned, but it is not clear in the text
whether this means rapid naming of codes (letters or numbers) or objects. Codes are
better predictors and they also predict later reading comprehension rather than the
acquisition of reading per se. I would argue that alphabet knowledge is influenced by
“nurture” versus “nature,” and if we imply that familial influences are vital, then we
should be concentrating on those skills associated with familial incidence, namely output
phonology and vocabulary.®’

Computer games that enhance letter-sound relationships are ideal as a form of practice
and are certainly cost-effective and motivational, but children with potentially severe
inherited reading difficulties will require much more explicit intervention than that
proposed in this paper. Most children will require instruction in phonological awareness
(awareness of the sound structure of words, e.g. rhyme) prior to receiving instruction in
phonics (sound-letter relationships). This point is made in the implications section:
“Children, especially those whose familial background points to the possibility of risk for
reading failure, should be attended to from age two with regard to language
development.” Perhaps this area should be expanded and include relevant screening
measures at age two for language development? Byrne'® makes the point that children
who are slower at mastering foundation literacy knowledge and concepts are going to
require more of everything — more explicit instruction, more opportunities to practice,
and more general assistance: the need is for differential approaches and rate of
instruction.

As with literacy, low mathematics competence is also related to lifelong difficulties in
school and the workplace. Fuchs demonstrates the components of number combinations
and word problems and how both of these skills may contribute to mathematics disability.
Conceptual instruction is included, as well as drill and practice, and this important
concept is often neglected in the teaching of mathematics foundation skills. Fuchs also
emphasizes the need for early intervention versus remedial instruction in later grades.
This again alleviates all the attributes associated with failure, such as low self-esteem and
related behaviour problems.

The latest research reported is very exciting in that a combination of approaches results in
better outcomes, with computers used to enhance drill and practice and explicit
conceptual instruction. All too often, we see computer programs being used irresponsibly,
without the scaffolding required by providing explicit teaching.

The metacognitive strategies reported are also admirable, and again this is an area that
should be combined with drill and practice in the teaching of mathematics. The use of
planning and reflection, together with active participation in the learning process, and the
explicit teaching of conceptual knowledge, benefits students in three ways: (1) in
comprehension and learning of the concepts; (2) in understanding the steps involved in
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working out a solution; and (3) in their ability to use and generalize their knowledge to
new situations.''

The schema-based strategies are also exciting and build on the use of metacognitive
strategies. I do not see these two strategies as being mutually exclusive. Consideration
has also been given to long-term maintenance, which is an area often overlooked in the
area of intervention for students with learning difficulties.

Implications for Development and Policy

Resolving questions about optimum approaches in the teaching of literacy and
mathematics for children at risk is more than an academic question; it has ramifications at
the national and international levels, at the teacher preparation level, at the classroom and
family levels, as well as enhancing the academic, emotional and social well-being of the
child.

Failure in early reading is highly correlated with overall school failure and later
behaviour and social and emotional difficulties, with reading considered a protective
factor that helps to counter social and/or economic disadvantage.'”” Theoretical,
experimental and clinical evidence points to the necessity of helping unskilled readers
acquire explicit knowledge of phonological word structure', and this should be part of
any intervention program for struggling readers.

As for computer-assisted learning, it should be noted that young children’s literacy
development involves more than rote learning; it is a dynamic thinking and linguistic
process, incorporating problem-solving, discussion, reflection and decision-making.'
Practice is often seen as an end in itself, a way of ensuring that learners commit to
memory a procedure or fact. If this is the case, it can undermine or sidestep any attempts
that have been made at constructive, meaningful literacy learning. The student’s practice
has to be in a form that makes sense of the literacy task and creates fundamental ways of
thinking that become the learner’s own, so that the child activates that thinking to develop
new ideas and carries it to real reading problems outside the classroom.

Both papers cover aspects of multi-dimensional learning, which should be the focus of
effective intervention for our children who may be at risk of developing learning
difficulties.
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