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| nteractive Constructivism and Reading:
The Nature of Neural Networks Challenges the Phonological Processing Hypothesis

DOLORES “DEE” TADLOCK

Abstract

The current popular view of reading devel opment perceives phonemic awareness, phonics, and
decoding as the essential building blocks for initial reading instruction and focuses on the
identification of individual words as the main event of reading. A new view of reading development
grounded in interactive constructivism and procedural learning focuses on: 1) the anticipatory neural
processes every brain must use to construct neural circuitry to guide the complex, interactive reading
process and 2) the use of this neural circuitry to guide the act of reading.

The new view suggests that, for efficient and effective passage reading to occur, the brain does
not use graphophonic information to decode, recode, or identify each individual word. Rather, it isfar
more efficient for the brain to sample strategic graphophonic and other information from text in the
process of using anticipatory systems to construct a passage’ s meaning. This proposition is supported
by eye movement research. Methodol ogy to eliminate reading problems that strictly reflects this view
has been developed and extensively tested with children and adults over a period of 20 years with
compelling results, including elimination of the reading problem or significant reading improvement
among individuals formally diagnosed with dyslexia and other significant learning disabilities.

K ey words: anticipatory systems, attention, declarative knowledge, decoding, excellence, executive
function, individual word identification, intent, memory, mental force, neura circuitry, neural networks,
neurons, passage reading, phonemic awareness, phonics, phonological processing, prediction, predictive
strategy, procedural knowledge, procedural learning, sentence reading, synapses, word form storage, word
forms.

Introduction

Reading experts do not dispute the definition of phonology—the science of speech sounds and
their organization. Disagreements have occurred, however, as to how phonology is used in the
process of passage or sentence reading. The two most common views are:

1) Weread by associating written symbols with sounds of speech through a process of
sequential |eft-to-right decoding, repeating this activity until we create a“word form” that
leads to storage and automated retrieval of aword’s spelling, pronunciation, and meaning
ina“word form area’ of the brain (Shaywitz, 2003).

2) Weread by sampling graphophonic information on a page in the process of making
linguistic-based guesses about the meaning that isinherent in the text being read (K.
Goodman, 1968).

Evidence from functional magnetic resonance imaging (fMRI) and positron emission
tomography (PET) in recent years appears to support the decoding-oriented phonological
processing hypothesis (Peterson et al., 1988; Nevilleet a., 1993; Pugh et al., 1997; Lyon &
Rumsey, 1996; Shaywitz et al., 1998; Fletcher et al., 2000). More recent imaging evidence,
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however, (Keller et d., 2001; Vandenberghe et. a., 2002), suggests that individual word
recognition and passage reading are separate cognitive events, characterized by different patterns
of neural activation. The most recent imaging evidence (Price et d., 2003) makes the case that
assumptions made by phonological processing advocates as to the existence of aword form area of
the brain are erroneous. If the new datais valid, then new discussions on the nature of the passage
reading process are warranted.

Piaget (1950) observed: "Every psychological explanation comes sooner or later to lean
either on biology or logic." For most of the past 100 years, reading instruction and interventions to
eliminate reading problems have leaned on logic—the logic that points to individual word
identification as both the main event of reading and the focus of reading devel opment. If, however,
thislogic iswrong and inconsistent with other aspects of knowledge associated with the brain, then
the erroneous assumption could contribute to a flawed view of the nature of reading development
and, subsequently, to reading difficulty among millions of children and adults.

In the United States alone, the U.S. government estimates that 40 percent of al fourth
graders and 60 percent of fourth graders growing up in poverty fail to meet basic literacy
standards. Additionally, “75 percent of students reading poorly at nine years of age continue to
flounder in reading into the adult years” (Lyon, 2003a). In spite of recent efforts at reading reform,
reading experts associated with government-sponsored initiatives acknowledge a widespread
reading problem called “the fourth grade slump”—Ilate emerging reading problemsin which
reading development stalls at or near afourth grade level (NICHD, 2002; Leach, Scarborough,
Rescorla, 2003).

This paper proposes that the cause of most reading failure, including most “dyslexia’ and
“the fourth grade slump,” is flawed thinking about reading development and associated
instructional practices that produce hit-and-miss results rather than systematic elimination of
reading problems. Central to this flawed thinking may be assumptions as to how the human brain
uses phonological information to support the passage reading process. This proposition is
grounded in both learning theory and widely accepted knowledge of the construction and function
of neural networksin the brain and is supported by eye-movement research. Information will be
presented in four sections:

1) A brief review of the two most recent popular views of reading development (the skills-
based view, which includes the phonological processing hypothesis, and the whole language view)
and proposed inadequacies of each;

2) A review of the basic neurobiology required for the development and the performance of
any process (including synaptic brain activation and neural networks and their relationship to
attention, memory, and executive functions, as well as consideration of the significance and role of
intent in constructing and/or remodeling neural networks);

3) A new view of the development of efficient and effective passage reading ability
grounded in the necessity to construct complex neural networks to guide the process and Piaget’'s
interactive constructivist learning theory; and

4) Evidence for the accuracy of the new view.

Recent Views of Reading Development

Explanations for the cause or causes of continuing widespread reading failure tend to fall into three
basic categories: 1) poor reading instruction and/or resistance by teachers to the application of
evidence-based instructional practices (Smith, 1995, p. 47; Lyon, 2003b, International Dyslexia
Association, 2003); 2) the failure to match appropriate interventions to the unique needs of a
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particular struggling reader (Shaywitz, 2003, p. 258); and 3) issues related to deficits in the student
and/or challenges in his home or community environments (Chall, Jacobs & Baldwin, 1990).

There may be afar more fundamental explanation for the continuing trend of unacceptable
numbers of dysfunctional readers. The problem may not be rooted in teachers, children, or the
home or school environments. The problem may be with assumptions made by reading experts
about what the brain is doing when it reads.

It is reasonable to consider that instruction based on incomplete and/or inaccurate ideas
about reading could produce large numbers of children with persistent reading problems, aswell as
aplethora of unanswered questions about reading development. In the reading field, both
conditions continue to exist. A few of the unanswered questions include:

1) If the phonological processing hypothesisis accurate, how do some four- and five-year-
olds teach themselves to read without formal schooling or benefit of explicit, systematic phonics
instruction (Durkin, 1966, Stainthorp & Hughes, 1999)?

2) If phonological processing and individual word identification are the main events of
initial reading development (Foorman et a., 1991, 1998; B. Shaywitz, Pugh, Jenner, Fulbright,
Fletcher, Gore, S. Shaywitz, 2000), why do some six-year-olds who excel in phonemic awareness,
phonics, individual word identification, and first-grade reading fall victim to late emerging reading
problems, becoming poor readers by third or fourth grade (M cGuinness, 1997, p. 134)?

3) If the ability to consciously identify the sounds of speech (phonemic awareness) is akey
component of reading development, how isit possible for any individual who was born deaf to
become an efficient and effecitive print communicator (reader and writer), in spite of the fact they
have never heard a single sound of speech?

4) What is the source of the “Matthew effect,” application of abiblical principle to reading
development that implies that those who catch on early to reading will get better and better at it
and those who do not face a continuing struggle (Walberg & Tsai, 1983; Stanovich, 2000)?

5) Why should struggling readers with structurally healthy brains—especially hearing
children who become victims to what has been called “the fourth grade slump”—have little hope
of ever overcoming their reading problems after the age of nine (Lyon, 2003a; NICHD, 2002),
even though many victims of brain injury recover some (and occasionally all) lost function (Nudo
et a. 1997, Liepert et a. 2000, Remple et al. 2001)?

6) Why does reading sometimes suddenly “click” for a previously struggling reader,
signaling the clear and present beginning of success in reading (Flanagan Knapp, 2002)?

Such questions are not surprising given the historical struggle by reading experts to reach
consensus on the most important aspects of reading instruction (Flippo, 2001). Venezky (1987)
observed of reading: “No other component of the curriculum has been subjected throughout its
history to such intense controversy over both its basic methods and its content.”

Originally termed the “ Great Debate” by Chall (1967, 1989), over the past 20 years the
controversy around the best way to teach beginning reading has evolved into an intense debate
referred to as “the reading wars’” (K. Goodman, 1998; Stanovich, 2000; Coles, 2000; Allington,
2002). For the most part, the debate is between those who advocate a skills-based approach to
reading instruction, involving the decoding-oriented phonological processing hypothesis, and those
who advocate reading instruction as supported by a whole-language philosophy.

Whole Language Philosophy—F ocus: The Learning Environment
Whole language philosophy focuses largely on the learning environment that should be
created for developing readers. Although the view’ s two principle theorists, Ken Goodman and
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Frank Smith, vary somewhat in their thinking, advocates generally contend that reading ability
develops naturally through exposure to authentic reading materials in an environment supportive
of adesire to know how printed language is used. They propose that students learn to read through
the act of reading itself (Smith, 1975; K. Goodman, 1986), and that a teacher’ s fundamental roleis
to support, encourage and assist in such away that children are eager to become readers (Smith,
1995). More specific to the reading act, whole language proponents promote the concept that
prediction associated with understanding the text, reading for meaning, and motivation all play
key rolesin both reading devel opment and passage reading, and that readers use their knowledge
of language structure to analyze language (clauses and their relationship) in the process of
constructing the meaning of the text (K. Goodman, 1964, 1967, 1986, 1996; Smith, 1975, 1997).

Goodman (1968) acknowledged early on that individual word identification supports
reading development (p. 15-17), but later distanced himself from the ideathat reading is dependent
upon graphophonic information alone. As early as 1973, he associated deviations from the text
during reading with “miscues’ reflective of the brain’s attempt to “make sense” of print through a
process involving (1996, p. 5) “more than just sounding out or recognizing letters or words.”
Goodman places the emphasis on the linguistic nature of reading and considers miscues as a
“demonstration of language sophistication” that affords an opportunity to learn more about the
reading process.

Figure 1.1 presents a generalized model for the whole language view of reading.
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Figure1.1: A Representation of Whole L anguage Philosophy
The following model synthesizes information from multiple works by Kenneth Goodman and
Frank Smith. Circles represent the roles of each participating entity. The overlap of circles
represents the merging of the roles, each supporting the other.
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Model rendering by Dolores” Dee” Tadlock, Ph.D. and Rhonda Stone ©READ RIGHT Systems, Inc. 2003

The Skills-Based View of Reading—F ocus: I ndividual Words

The National Research Council (1998) and the National Reading Panel (2000) at different
timesin the mid- and late 1990s were each assigned the task of evaluating empirical evidence for
the purpose of determining conclusions that could be drawn about reading development and
effective classroom instructional practices. Only one individual served on both committees: Sally
Shaywitz, M.D., aprofessor of pediatrics at Y ale University, neuroscientist, and active proponent
of the speech-and-language view of reading development (phonological processing centers of the
brain as fundamental to reading). Sheis associated with Y ae' s Haskins Laboratories, a speech and
language institute actively involved in research associated with phonology.
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The NRC (1998), NRP (2000), and Shaywitz (2003) have all concluded that reading
development is best supported when it includes explicitly and systematically taught phonemic
awareness, phonics, vocabulary, fluency, and comprehension. Proponents of this approach focus
on phonological processing asthe initial main event of reading development, with automaticity in
word identification and growth in visually recognized vocabulary supporting the separate skill of
fluency. Once automaticity in identifying and recognizing words is achieved, it is assumed that
comprehension (the understanding of an author’s message) should follow. If it does not, then
comprehension skills can be taught through appropriate strategies. In other words, phonemic
awareness leadsto decoding, decoding leads to word identification, automated word identification
leads to fluency, and fluency leads to comprehension. Proponents of this view acknowledge that
“meaning” and “motivation” are involved in reading development, but they have provided little
articulation as to how or where each fitsinto reading’ s skills-based view.

Figure 1.2 presents a generalized model for the skills-based view of reading.
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FIGURE 1.2: A Representation of the Skills-Based View of Reading

The following model was created by synthesizing information from Overcoming Dyslexia (Sally Shaywitz,
2003, member, National Research Council), Recommendations of the National Reading Panel (2000), and
Preventing Reading Difficultiesin Young Children, Report of the National Research Council (1998)
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Model rendering by Dolores“ Dee” Tadlock, Ph.D. and Rhonda Sone

©READ RIGHT Systems, Inc. 2003

The Current Popular View of Reading Development
Asmore and more neuroimaging evidence emerged and was interpreted to support the
phonological processing view of reading development (Pugh et al., 1997; Shaywitz et al., 1998;
Fletcher et a., 2000), whole language increasingly became an outsider in the discussion of reading
instruction (Gaffney & Anderson, 2000; Stanovich, 2000). Criticism of the philosophy appears to
be fueled by three issues: 1) whole language was interpreted at the classroom level to mean
different things to different teachers; 2) no concrete solutions for the elimination of reading
problems were provided by whole language advocates; and 3) no neurobiological evidence existed
to challenge the phonological processing view and support whole language’ s constructs.

Today, whole language advocates have limited influence in educational policy, although a
number of whole language’ s core principles remain widely accepted by reading practitioners and
researchers. These include emphasis on reading “for meaning,” recognition that meaning is
actively constructed by the reader rather than passively absorbed, and acknowledgement that
authentic text is important for developing reading proficiency. The widespread valuing of a
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“balanced approach” (NRP 2000) to reading instruction may in part be aremnant of whole
language philosophy.

The component of reading development that may have received the most government
funding in the last five yearsis phonological processing associated with individual word
identification. Y et, phonologica processing advocates have not been able to fully explain therole
of meaning, prediction, and motivation in reading development, nor, like whole language
proponents, have they been able to provide uniform solutions for the elimination of reading
problems that persist after phondogical processing issues are addressed. Shaywitz (2003) proposes
that reading problems be addressed by providing struggling readers with “scientifically based”
grade-level instructional interventions specific to areader’ s unique needs. In her book,
Overcoming Dyslexia, she presents alengthy but non-inclusive menu of programs and
instructional materials that she deems to be appropriate interventions (pp. 261-287). Most of these
programs are designed to first insure that phonemic awareness and phonics skills are mastered,
even though it is acknowledged in the literature (NRP, 2000) that phonemic awareness and
phonics training after age 9 do little to improve or eliminate an established reading problem.

An examination of National Assessment of Educational Progress (NAEP) fourth grade
reading scores shows that Alabama and Texas—among the first to aggressively adopt and integrate
phonemic awareness and phonics-based curricula into school programs (Alabama Department of
Education, 2004; Texas Education Association, 2004)—are not experiencing significant
widespread improvement in early reading ability compared to scores recorded in previous years.
Thislack of improvement in test scores in spite of statewide curriculum reform is al the more
curious when compared to consistent upward trends in math scores. Many experts in the field of
mathematics instruction began to distance themselves from an individual math skills approach in
favor of aconstructivist approach in the early and mid-1990s (Klein, 2003). The reading field,
however, did the opposite, aligning itself with the skills-based approach beginning in the late
1990s, based in part upon the phonological processing hypothesis (NRC, 1998; NRP, 2000).

YEAR Alabama Texas National
Subject | Reading | Math | Reading | Math | Reading | Math
1992 207 208 213 218 217 220

1994 208 212 214
1996 212 229 224
1998 211 214 217
2000 217 231 228
2002 207 217 219
2003 207 223 215 237 218 235

(Test scores available at http://www.nces.ed.gov/nationsreportcard)
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National NAEP tests use a different standard of measure than state-devel oped tests and do
not always agree with the positive outlook of state results. For example, a close look at the last
elementary grade level (the Classof 2011) for which national NAEP reading scores are available
for Texas fourth graders shows that students taking the Texas Assessment of Knowledge and Skills
(TAKS) measured impressive reading achievement each year for a period of three years. In 2004,
the TEA reported that 79% of Class of 2011 students, as fifth graders, passed the reading portion
of the TAKS. In 2003, the TEA reported that 86% of Class of 2011 students, then fourth graders,
passed the TAKS reading test. In 2002, the state used a different less vigorous state test and the
TEA reported that 81% of Class of 2011 students, then third graders, passed all areas of the state
exam, including reading.

These apparent impressive results stand in stark contrast to 2003 national NAEP results for
the Texas Class of 2011. The national scores show that only 27 percent of studentsin the class
scored at or above proficient in reading (demonstrating competency over subject matter, including
application to real-world situations). The dichotomy implies that Texas has not developed a test
that is consistent with national testing standards—the recognized “report card” for measuring
progress in education goals for more than a decade.

Strategies for reading reform and related testing in the State of Texas are firmly grounded
in the phonological processing hypothesis. To date, the strongest evidence to support the
hypothesis has come from fMRI and PET scan evidence oriented to individual word identification.
Through functional neuroimaging, numerous researchers have isolated differencesin the neural
activation patterns of good readers and poor readers to only afew regions of the brain (Rumsey et
a., 1992; 1997, Rumsey et al., 1994, Shaywitz 1998, Gross-Glenn et al., 1991, Rumsey et al.,
1992; Shaywitz, 1998, Horwitz, Rumsey, and Donohue, 1998). It has been assumed that the
associated researchers found a “phonological processing” or decoding system of the brain, even
though the brain regions identified are common to any form of language processing.

The three brain regions for this system are commonly identified to include: 1) a posterior
section of the left inferior frontal gyrus, identified as “articul ating particles of sound,” comprising
the smallest components of speech (phonemes); 2) the left parieto-temporal system proposed to
link letters to appropriate sounds, with repetitive and correct decoding leading to “word forms” (an
exact neural model created for every word reflecting the word' s spelling, pronunciation, and
meaning); and 3) the left occipito-temporal region, the location where “word forms” are proposed
to be stored. The latter region is located toward the back of the brain and believed to automate the
recognition of individual words.

In such neuroimaging studies, the subjects typically “read” words from word lists, not
sentences or passages of text. Early articulation by Shaywitz (1996) demonstrates the assumption
that identifying words from word listsis equivalent to “reading’:

fMRI allows scientists to identify and isolate those brain regions activated while a child
actually reads a word [ltalics added.]

Recent neuroimaging studies challenge the assumption that individual word naming
is equivalent to passage reading or that passage reading is dependent upon sequential
identification of each word. Using PET scans, which characteristically have less resolution
than fMRI, Price, Winterburn, Giraud, Moor, and Noppeney (2003) documented little
difference in brain activation between auditory word repetition (repeating aword heard)
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and reading words from aword list, auditory word repetition and the naming of sounds (i.e.
identifying the sound of adog’s bark), and picture or object naming and reading words
from aword list. The redlity that there islittle difference in brain activation among these
disparate acts calls into question the assumption that the three brain regions activated
similarly for object naming, sound naming, and word naming are doing anything more than
performing some kind of language and/or recognition function. In its abstract, the London
team concluded: “...thereis no current evidence for cortical sites dedicated to visual or
auditory word form processing.” In the summary and conclusions, the team notes: “...any
previous claims regarding the cortical localization [sic] of visual and auditory word form
areas were premature.”

Prior to the publication of Price et a.’s dismissive study, Price & Develin (2003)
cited the following evidence from published literature that passage reading could not be
associated with a proposed “word form area’:

Reading specific activation arises from unique interactions between visual and
language regions that are each involved in many different functions. This proposal is
consistent with the notion of parallel distributed processing (Rumelhart and
McClelland, 1986) and the claim that our knowledge of familiar letter combinations
arises from interactions between orthographic, semantic, and phonological
processing without explicit word form representations (Plaut et al., 1996; Seidenberg
and McClelland, 1989). Indeed, it is highly unlikely that a reading specific brain
region would have developed in the human brain: From an evolutionary perspective,
reading is a very recent skill; from a developmental perspective, it should be noted
that reading can still be mastered in adulthood after the brain has fully matured.

Research published by Keller et a. (2001) and VVandenberghe et al. (2002) also
challenges the idea that the three regions of the brain previously associated with individual
word identification are responsible for reading passages of text. From Keller et al.:
“...resultssuggest that many processes in sentence comprehension involve multiple brain
regions, and that many brain regions contributeto more than one comprehension process.”
From Vandenberghe et al.: “Left anterior (front) temporal cortex respondsto sentences
more strongly than to unconnected words.” Since the “word form area’ identified by
Shaywitz and othersislocated in the back of the brain, this finding from Vandenberghe
provides evidence that sentence reading and individual word identification require
activation in different brain regions.

Conclusions drawn from functional neuroimaging research oriented to individual
word recognition appear to rest on an assumption that word identification and sentence
reading are the same cognitive act. This must be carefully considered. If the assumptionis
inaccurate, progress in the understanding of reading development would be hindered.

Phonological processing advocates acknowledge that causing the brains of struggling
readers to function more like those of excellent readers in so-called phonologica processing areas
does not, by itself, eliminate areading problem. Brief qualifying statements such as this one by
Stanford Professor John Gabrieli in the Feb. 25, 2003 Stanford Report referencing a study by
Templeet a. (2003), appear in the literature (Trel, 2003):

It is likely that the children will continue to need considerable help in reading, Gabrieli said.
‘This is not a one-shot vaccine,’” he said. ‘But it makes them much more prepared to take
advantage of a regular curriculum to read successfully and do well.’
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A scholar in the history of science, Thomas Kuhn (1996, pp. 5 & 152), has said that
scientific research is “a strenuous and devoted attempt to force nature into the conceptual boxes
supplied by professiona education.” The conceptual box that has viewed phonics—or pulling
apart printed words, analyzing their parts, and then connecting the parts to corresponding sounds—
asthe foundation for initial reading development is not new. It is more than 100 years old
(Mathews, 1966). The new focus on the necessity for phonemic awareness and “fixing” abrain
that appears to struggle to differentiate sounds could be construed as an attempt to solve the
persistent 100-year-old problem with the reading-as-phonetic-decoding paradigm.

When competence in phonetic decoding failsto result in an excellent reader, the blameis
frequently placed on poor student monitoring by teachers and afailure to provide appropriate
interventions. McGuinness (1997, p. 134) offers a classic example in the case of a young girl
labeled “Alice”

Alice was a subject in one of our research projects. At the age of six, she scored at the top
of almost every test we gave. Her vocabulary score placed her in the highly gifted range
with a score of 140 (comparable to a 140 Verbal 1Q). She was the only child we tested to
score 100 percent on the LAC test of phoneme awareness. Her verbal and visual memory
were excellent. Her reading scores placed her a full year ahead for her age. By third grade,
Alice was the second worst reader in two third-grade classrooms and was making no

further progress. | also discovered that she got 100 percent correct on spelling tests on
words she could not read... Since working with Alice, we have seen many “Alices” in our
clinical research. [italics added]

M cGuinness describes Alice as exceptionally bright and proposes that her third-grade
reading failure was caused by three issues: 1) over-reliance on whole word guesses, 2) attempts to
sound out chunks of words rather than using a letter-by-letter strategy, and 3) poor monitoring of
Alice s progress by classroom teachers.

Stephen Jay Gould (1983) said: “Facts are the world’ s data. Theories are structures of ideas
that explain and interpret facts.” In the case of Alice, McGuinness offers an explanation for the
fact of Alice’s declining reading skills. But thereis at least one other plausible explanation for
Alice' s subsequent reading failure: What a child or adult needs in order to read complex passages
of text with excellence is something other than decoding skills.

In first grade, Alice was taught to be an excellent decoder within the framework of a
decoding-oriented curriculum. As an exceptional decoder, Alice had no difficulty with
conceptually simple text characterized by short sentences and words with one or two syllables.
Under these conditions, the capacity limitations of short-term or working memory—seven bits of
information, plus or minus two (Miller, 1956—posed little constraint on understanding the text
through decoding. In second and third grades, however, text becomes increasingly more complex.
The capacity limitations of Alice’s working memory probably created a situation in which
decoding every word ceased to be aviable strategy.

Astext increased in complexity, the neural network Alice built to guide reading through a
process of decoding failed to help her read and understand text efficiently. It may have been alittle
like sinking into quick sand: The more Alice struggled to decode every word, the more she failed
to produce reading that made sense. Such an experience would have created a state that Piaget
(1985) refersto as “disequilibrium.” Piaget cautions that unresolved disequilibrium can lead to
extreme frustration and, if left unaddressed, subconscious abandonment. In thisview, Alice' s brain
may have abandoned decoding when it ceased to be an effective method of reading, leaving her
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with little el se to support the act of reading, thereby rendering her one of the poorest readersin two
classes.

Recent evidence suggests that “abandonment” may be as much neurobiological as
psychological. In neuroanatomical studies conducted byVyas et a. (2002), it was found that
neurons cease to function in amanner that supports efficient learning and memory when they are
under certain types of chronic stress. More specifically, certain types of stressinduce “dendritic
atrophy and debranching.”

Many reading researchers, like McGuinness, appear to have assumed that individual word
identification and passage reading are the same or directly relevant, with individual word
identification a mandatory precursor to reading development and the foundation for passage
reading and comprehension. If the assumption is not accurate, then early reading ability built on a
child’ s subconscious assumption of decoding and individual word identification as reading’s
fundamental act has the potentia to interfere with the discovery of more efficient and effective
reading strategies.

Decoding and individual word identification strategies actually may be primitive compared
to the complex strategies used by excellent readers. Many reading authorities have for years
acknowledged that passage reading is complex, but many fall back on the significance of
individual word identification as a necessary and foundational precursor to reading passages of
text. Adams (1990) typified this dichotomy when she wrote (p. 3):

Skillful reading is not a unitary skill. It is a whole complex system of skills and knowledge.
Within this system, the knowledge and activities involved in visually recognizing individual
printed words are useless in and of themselves. They are valuable and, in a strong
sense, possible only as they are guided and received by complementary knowledge and
activities of language comprehension. On the other hand, unless the processes involved
in individual word recognition operate properly, nothing else in the system can either.

It is proposed that decoding constitutes a simplistic and reflexive linear model for
beginning reading development. Instruction based on this simplistic model may prevent children
like Alice from exploring more complex hidden mechanisms for the passage reading process.
When decoding ceases to be effective—and it will cease to be effective as more linguistically
complex text is encountered—children who do not discover for themselves a more efficient and
effective system to support passage reading are at risk of lapsing into a state of disequilibrium and
becoming among the poorest of readers, victims of the so-called late emerging reading problems
associated with the “fourth grade slump.”

TheBrain’s“Hidden Mechanisms’: Neural Networks and Executive Function
An eminent scholar in the field of psychology, Lev S. Vygotsky (1978) believed human
development to be far more complex than any linear model could ever capture. He rejected the
view that learning itself isa sort of linear conditioning. He is quoted as saying (p. 122):

The psychologist’s most vital challenge is that of uncovering and bringing to light the
hidden mechanisms underlying complex human psychology. Though the behaviorist
method is objective and adequate to the study of simple reflexive acts, it clearly fails when
applied to the study of complex psychological processes.

Since passage reading involves thought and cognition, then consideration of it as a complex
psychological processiswarranted. As such, the “hidden mechanisms’ associated with passage
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reading would have to be explored and understood before children could be systematically and
intentionally guided away from or out of the traps that might otherwise thwart reading.

Passage reading is a process requiring the construction of complex neural circuitry (neural
networks) designed specifically for guiding the complex act. Any discussion of passage reading,
therefore, warrants discussion of the three components of process-oriented or procedural learning:
1) neuronal and synaptic activity (Hebb, 1949); 2) the formation of neural networks (Bain, 1873;
James, 1890, pp. 563-566); and 3) executive functions that plan, control, and coordinate implicit
(sub-conscious) neural activity required to make the process happen (Baddeley, 1987).

A contemporary neuroscientist, LeDoux (2002) provides a concise summary of the implicit
activity involved in brain functioning. Each neuron in the brain has two different types of nerve
fibers—axons, which emit asignal, and dendrites, which receive asignal. These neurons
communicate by passing information via thousands of chemical/electrical transmissions (neural
firing) at the gap or synapse between an axon of one neuron and the dendrite of another. This
passing of information through synapses makes it possible for our brains to access chemically and
electrically-encoded information stored throughout the brain (Schacter & Graf 1986) as explicit
memory (declarative and episodic/existing above the level of consciousness) and implicit memory
(non-declarative and procedural/existing below the level of consciousness).

It is possible to learn to ride a bike because neuronal cells communicate with one another
as executive functions plan, control, and coordinate all aspects of bicycle riding—visual
processing, proprioceptive muscle-movement to achieve balance, gross motor skills, fine motor
skills, etc. Through repetition and a pruning process, repetitive neural firing patterns form a semi-
permanent neural network that ultimately guides appropriate brain activity every time we want to
perform the act of riding a bike. The same implicit procedural learning applies to the performance
of any other process.

Laughlin & Sejnowski (2003) point out: “Brains perform with remarkable efficiency, are
capable of prodigious computation, and are marvels of communication. ...t should come asno
surprise that brains have evolved to operate efficiently.”

What is known about the formation of neural networks to guide processes is highly
compatible to Inhelder & Piaget’s (1964) view of interactive constructivism—or “learning”
that is constructed through repeated interaction with the environment. Piaget provides this
example of the interactive process (p. 74):

... [a baby] tries to grasp a hanging object but only hits it without getting his hand around it.
What results is interesting to the infant, and he tries to make it happen again by means of
reproductive assimilation involving a series of regulations and corrections that continues
until the ability to perform the act becomes stable.

The reproductive assimilation described by Piaget translatesto neural firing patterns
repeated over and over again, but with continuous implicit modifications, as the brain constructs
semi-permanent neural circuitry to guide the baby’ s grasping process. To make this happen, the
brain must:

1) Have an accurate understanding of what it istrying to achieve; i.e.,, What isthe
end result of the process?

2) Make afirst attempt to achieve the desired result; i.e., How might the process be
accomplished?
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3) Implicitly analyze the result of the attempt; i.e., Did | achieve the intended end
result?

4) Implicitly formulate a prediction about how theinitial attempt might be changed
so the desired end result is more likely to occur.

5) Make anew attempt.

6) Continue to usethiscyclical, implicit, predictive strategy until the processis
“figured out.” At this point, the neural circuitry to guide the process will have
been constructed.

Neura networks formed through implicit operation of a cyclical predictive strategy to
figure out the targeted process may be the same as what is now defined in some scientific circles as
“computing anticipatory systems’ (Dubois, 1998; Lavigne & Denis, 2002). Neura networks are
semi-permanent rather than permanent because they can be changed (Laughlin & Sejnowski,
2003). Injury or disease can disrupt the neural networks, as can any change that initiates
alternative, sustained neura firing. Schwartz & Begley (2002) point out that neural circuitry can be
changed intentionally through a process of applying “mental force”—or forced alterations in how
the processis performed that lead to remodeling of neural networks.

Neural networks are the physical representations of learning (Lynch & Baudry, 1984). All
explicit knowledge we acquire (declarative memory) and all skillswe learn (procedural memory)
involve the encoding of information and implicit construction of neural circuitry. According to
LeDoux: “Synaptic processes allow cooperative interactions to take place between the various
brain systems that are involved in particular states and experiences, and for those interactions to be
linked over time.”

These cooperative neural interactions require planning, controlling, and coordinating. This
component of brain activity has been labeled the executive function and/or the “central executive”
(Baddeley & Hitch, 1974). Once associated with frontal brain functions but now associated with
broader brain activity (Godefroy, 2003), executive functions have been described as explicit
control processes (Denckla, 1996) commonly associated with task analysis, strategy selection, and
strategy monitoring that result in the selection of new strategies or revisions to current ones as
required (Borkowski & Burke, 1996). LeDoux (2002) adds resource allocation, memory retrieval,
and conflict resolution to the lists of tasks relegated to executive function and points out that the
brain uses executive functions implicitly, or below the level of consciousness, as aroutine part of
information processing.

Citing Shallice (1988) and Johnson-Laird (1988), LeDoux likens the role of implicit
executive functioning to the complex interactions of computer hardware and software:

The computer operating system is responsible for controlling the flow of information
processing, moving information from permanent memory (ROM) to a central processing
unit with active memory (RAM), scheduling tasks to be performed using the active memory,
and so on. Similarly, executive functions are involved in the constant updating of temporary
memory, selecting which specialized systems to work with (pay attention to) at the moment,
and then moving relative information into the workspace from long-term storage by
retrieving specific memories or activating schemata pertinent to the immediate situation.
Through executive functions, specialized systems are also directed to attend to certain
specific stimuli and to ignore others, depending upon what working memory is working on.

All of this—the construction of neural networks to guide processes and the role of
executive functioning to plan, coordinate, and control any kind of process-oriented brain
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functioning—nhas significant implications for passage reading. If passage reading is a separate
biological process from that of individual word identification, then passage reading would involve
implicit procedural learning unique to the passage reading process. Additionally, if it is correct that
the human brain is designed to perform efficiently, then the subconscious human brain would seek
the most efficient and effective means to achieve the passage reading process—and this would not
necessarily include decoding and individual word identification, if more efficient means are
available.

For passage reading, it is proposed that executive functioning enables a reader to construct
apassage’ s meaning through the planning, controlling, and coordinating of all of the brain systems
that are relevant to the process. The brain systems available to support the passage reading process
include but are not limited to: accumulated knowledge of language and how it works (i.e.,
semantics, syntax, graphophonics), declarative and episodic memories pertaining to the subject at
hand, anticipatory computing systems (a predictive strategy involving confirmation and/or
rejection of discoveries made by the brain), visual processng, attention control, working memory,
and, where oral reading is concerned, a system for talking.

For passage reading, executive functions must direct the brain in anticipating and/or
predicting how to integrate all of these systems to achieve comprehension of an author’ s intended
message. Support for this view can be found in the field of mathematics from research conducted
by Bull & Scerif (2001), who observed a direct correlation between aspects of executive
functioning ability and mathematics performance. From p. 284 of Bull & Scerif:

Results from the WCST [Wisconsin Card Sorting Task] clearly show the main difficulty for
children of lower mathematical ability is with inhibiting a learned strategy and switching to
a new strategy. ... The difficulty only becomes apparent once an established strategy
must be inhibited in favor of a new strategy.

“Switching” is nearly synonymous with the use of neural networks and executive
functioning. Executive functions are responsible for the cognitive actions of analysis, strategy
selection, and access to memory. A brain led to believe that individual skillsin of themselves are
sufficient for problem solving will have limited cognitive ability because the brain will construct
neural circuitry to use executive functions only for the performance of the linear process at hand,
rather than constructing neural circuitry designed to use executive functionsto regulate brain
activity and seek the most efficient strategies to solve more complex problems. “ Switching” in this
context, therefore, relates to executive functions designed to regulate brain activity and help brains
solve complex cognitive puzzles through the most efficient means.

It is proposed that efficient passage reading requires the expeditious location of relevant
information wherever that information is stored in the brain, thus requiring instantaneous, implicit,
and imperceptible “switching” among various strategies and brain systems. The reader who
continues to use decoding and/or individual word identification as the primary vehicle for passage
reading struggles because his brain islocked into alinear, self-limiting, and inefficient strategy.
Fortunately, the majority of young readers discover more efficient implicit reading strategies on
their own. As evidenced by government statistics, however, millions of children and adults do not.

Even though whol e language philosophy was ineffective at hel ping struggling readers
overcome reading problems, its founders did understand the compl exities of the passage reading
process. Goodman (1968) acknowledged the complexities when he said: “ The reader does not
merely pass his eyes over written language and receive and record a stream of visual perceptual
images. He must actively bring to bear his knowledge of language, his past experience, his
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conceptual attainments on the processing of language information... . Reading must therefore be
regarded as an interaction between the reader and written language, through which the reader
attempts to reconstruct a message from the writer.” Smith (1975) reflected the subconscious,
process-driven nature of reading when he said: “We are aware of what we comprehend, but not of
the process that |eads to comprehension.”

A New View of Passage Reading

This paper proposes that passage reading reflects a complex implicit process performed by the
brain below the level of consciousness and that this process is not dependent upon explicit
individual word identification. It aso proposes that word identification and passage reading are
separate cognitive events requiring the construction and activation of different neural circuitry for
their performances. The identification of isolated, individual words may, indeed, as Shaywitz and
other researchers hypothesize, involve several localized language centers of the brain that plan,
control, and coordinate activities that result in individual word naming. It is proposed, however, as
Price et a. (2003) have suggested, that these brain systems are associated with alanguage-related
naming function rather than a more cognitively complex system of the brain associated with
passage reading.

Very young children who teach themselves to read without explicit instruction in phonemic
awareness, phonics, decoding strategies, or individua word recognition provide evidence that
passage reading is a different type of implicit process. In the late 1950s and early 1960s, Columbia
University/University of Illinois researcher Dolores Durkin (1966) studied more than 200 Oakland,
California, and New Y ork City school children who started school reading proficiently. Durkin
found a broad range of 1Qs—from 82 to 170—and ultimately found that self-taught early readers
figured out the reading process on their own, without benefit of systematic reading assistance of
any kind. More recently, Stainthorp & Hughes (1999), who aso considered such children, have
noted that it has yet to be determined how early readers acquire and apply phonemic awareness

and the more complex system of phonics to reading when they have never received explicit
instruction in either.

A review of Durkin’s studies shows that her early readers shared a number of
circumstances and traits:

Early readerswereread to often. In Piaget’ s view of learning, this provides, children
with a concept of the end result of the passage reading process that focuses on understanding an
author’s message. Early readers probably understand, from the beginning, that reading is aform of
communication—a story told by an author for areader. Self-taught readers become aware that
reading involves amessage, and it is the job of the reader to accurately and successfully
reconstruct that message.

Early readershad ready access to alphabet books (typicaly, graphics of letters and
pictures of easily identified objects starting with the same letters). Listening to these books read
aloud to them and/or self-directed play with the al phabet books provided the children with
opportunity to figure out the alphabetic principle, or the correspondence and rel ationship between
letters in written language and sounds in spoken language. This knowledge could then be
expanded to arealization by the children of the relationship and correspondence between stories
read aloud and the print on the page—particularly when the same stories were read repeatedly.

Early readerswere determined to figure out the reading process. The children
possessed sufficient intent—derived from consistent exposure to the joy of reading and subtle
communication of its value in the family—to figure out the answer to the question, “How is
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reading achieved?’ They probably eagerly applied “mental force” (Schwartz & Begley, 2002) to
figure out the complex process and construct the interactive neura circuitry necessary to guide
passage reading.

Early readers had accessto willing adults and siblingswho answered their questions
and provided support asrequested. Where very young children are concerned, such requests
typically involve questions and statements like “What’sthat?’ “What doesthissay?’ “Read to
me.”

Durkin’s findings are consistent with current recommendations that very young children be
exposed to rich verbal and print language experiences. Fletcher & Lyon (1998) reflected this
understanding when they wrote:

A massive effort needs to be undertaken to inform parents, and the educational and
medical communities, of the need to involve children in reading from the first days of life;
to engage children in playing with language through nursery rhymes, storybooks, and
writing activities; and, as early as possible, to bring to children the wonder and joy that
can be derived from reading. Parents must be aware of the importance of vocabulary
development and verbal interactions with their youngsters for enhancing grammar,
syntax, and verbal reasoning. In addition, preschool children should be encouraged to
learn the letters of the alphabet...

It is proposed that it is possible for some four- and five-year-olds to figure out the reading
process on their own when they interact in such areading environment because they use a
subconscious predictive process of experimentation to figure out all of the implicit aspects
required for passage reading—just as they used implicit predictive experimentation to figure out
grasping, talking, walking, and thousands of other processes that caused them to become high-
functioning beings. For passage reading, they implicitly understand that the goal is to figure out
how to construct meaning from text—not to decode or identify each individual word. They do not
abandon their goa until they achieve success.

It is further proposed that the few individuals who are deaf from birth and become
excellent print communicators (readers and writers) do so because they use the same implicit
system of predictive experimentation to figure out how to construct meaning from printed
language. Somewhere along the way, they figure out that print communication is about the
meaning that print is intended to convey, not about the identification of individual words. This
could explain why authentic early communication experiences in which signed languageis
integrated with print language are demonstrating effectivenessin deaf children’s reading programs
(Schleper, 2002). Historically, the focus of reading programs for the deaf has been on individual
words. Perhaps not so ironically, the average reading level of deaf children isthird or fourth grade
(Bowe, 1991)—the same level as hearing children who encounter the “fourth grade slump.”

Piaget (1950) defined the basic model for the construction of implicit and explicit
knowledge as “interactive constructivism,” reflecting the dynamic interchange between the
internal neural structures being built and the external environment being operated upon. In the
presence of strong intent to figure out a process and with an accurate concept of the desired end
result, a child interacts with the environment through explorative and predictive cognitive
activities wholly devoted to figuring out how to achieve the desired end result.

This application of Piaget’s learning theory is significantly different from views of reading
proposed to date by phonological processing or whole language advocates. It implies that
constructing an environment rich in reading materials, in and of itself, is insufficient to transform a
child into an excellent reader. The child must be compelled to act upon the materials in a manner
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that will cause her brain to experiment with print, discovering for herself what does and does not
cause print on a page to make sense. As she discovers what works, her subconscious brain begins
to use the effective strategies over and over, encoding the neuronal macro-system for passage
reading that ultimately plans, controls, and coordinates the multiple brain systems and processes
appropriately.

The I nteractive Constructivist View—Focus. Passage Reading

In Rumelhart’s view of schemata (1977 & 1980), he suggests that all aspects of knowledge
are stored as units and these units must interact. He does not, however, provide a model for
passage reading that explains what the brain must do to construct neura systems to guide the
process of highly efficient and effective interactions. Synthesis of Piaget’s interactive
constructivism and what is known today about cognition, procedural learning, and the formation of
neural networks provides this “macro-system” model.

The interactive constructivist view of reading reflects the assumption that passage reading
occurs through the implicit operation (Hebb, 1966; Lynch, 1986; Allman, 1989; Johnson, 1992;
LeDoux, 2002) of a macro-system designed to perform the executive functions (Baddeley, 1987)
required for the reader to reconstruct the author’ s intended meaning. Intent—or the will of an
individual (Schwartz & Begley, 2002)—initiates the neurobiological processes that employ
executive functions to construct the macro-system. Anindividual’s level of intent to figure out the
complex, primarily implicit process can be heavily influenced—either negatively or positively—
by emotional state. Thus, emotional state is an important factor in reading development. Figure 1.3
presents amodel for the interactive constructivist view of the passage reading process.
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FIGURE 1.3:
A model for the Interactive Constructivist View of the Passage Reading Process, Tadlock (2003)
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Where reading is concerned, executive functions are probably used in at least two distinct
ways by the brain. Inreading devel opment, executive functions guide the process of constructing
the macro-system of neural circuitry that ultimately enables the act of reading. In other words,
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executive functions drive the process of learning how to read. Once the macro-system for passage
reading is constructed, the reader accesses the macro-system to “operate” on the text, implicitly
employing executive functions to plan, control, and coordinate the synthesis of knowledge and
brain systems required to cause reading material to make sense. In this way, executive functions
also drive the process of reading. In this view, the following systems of the brain and aspects of
cognition represent individual micro-systems: everything the brain has already figured out and
stored as knowledge relative to language, visual processing, attention control, the use of working
memory, declarative and episodic knowledge, systems for eliciting predictions relative to the
meaning of a printed message, systems to select language reflecting the predicted meaning of the
message, and systems for confirmation or rejection of the predictions. If oral reading isinvolved,
the brain also activates a system for oral speech. (For brief descriptions, see Figure 1.3.)

None of these systems is more important than any other, nor does any system take
precedence over the other. Each is guided in whatever manner necessary, in the process of using
the systems most efficiently, to understand the author’ s intended message.

The engine that makes passage reading possible for humansis the anticipatory system or
predictive strategy, or the brain’ s inherent ability to locate and integrate information relevant to
what is being read wherever it is stored. It is proposed that the use of a predictive strategy is as
relevant to the passage reading process as it is to any other form of learning. Rumbaugh &
Washburn (1996, pp. 200-201) define learning as “ ... establishing and preserving predictive
relationships for future use.” They write:

Even within its first few months of life, the infant primate and/or human begins to learn
predictive relationships. Relationships that are very high in validity and reliability and in
ecological relevance can be learned very quickly. Such learning is profoundly facilitated if
the organism has a complex brain that has been optimally and appropriately developed
from birth, if not before. Predictive relationships in accordance with the biologically
afforded sensitivities are more readily learned than arbitrary relationships. Predictive
relationships can be learned by observations...” [italics added].

Rumbaugh & Washburn’'s “complex brain that has been optimally and appropriately
developed from birth” cited earlier may be reflective of Hebb's (1949) observation that synaptic
activity strengthensin arich environment. Durkin’s self-taught readers were raised in “rich
environments’: ready access to books, information about the al phabet, and answers to their
questions and/or the fulfillment of requests made as they worked to figure out the reading process.
Each of these resources would have supported Durkin’s young readersin their self-driven
processes of forming predictive relationships between what they already knew (implicitly and
explicitly) and how the process of understanding an author’ s intended message might work. As
such relationships are discovered, they are chemically and/or electrically encoded into the brain,
forming over time the macro-system that will eventually guide the process of appropriate and
timely integration of all of the micro-systems necessary for effective passage reading.

Self-taught readers figure out that meaning must drive the reading process. Pinker (1997, p.
105-106) unintentionally alludes to the brain’simplicit use of meaning when he writes about the
complexities of accurately interpreting oral language:

...iIf one speech sound can be interpreted as either send or sinned, and another as either
pen or pin, | can resolve the uncertainties if | hear one speaker utter both words with the
same vowel sound. He must have intended send and pen, | would reason, because send
a pen s the only guess that does not violate some constraint. Sinned and pin would give
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me sinned a pin, which violates the rules of grammar and plausible meaning... [underline
added].

In this example, Pinker inadvertently demonstrates why individua word identification and
passage reading cannot be considered equivalent activities. Though referring to spoken language in
the example, he demonstrates the use of a different cognitive strategy to figure out an “author’s”
intended meaning. He demonstrates the act of reasoning—or, more accurately, predicting—in
order to figure out the speaker’ s intended message.

In passage reading, the relationship between what a reader already knows and the message
an author intends to convey must be anticipated. Establishing this predictive relationship is the
basis and foundation of comprehension. The predictive strategy, therefore, emanates from and is
grounded inall of the reader’ s relevant knowledge, both implicit and explicit. If such grounding
does not occur, “making sense” isimpossible. That’s why any reader would struggle to
comprehend abook on nuclear physicsif he knows little to nothing about physics. The inability to
predict rel ationships between information already known and the author’ s intended message would
make it virtually impossible for the reader to reconstruct a plausible meaning.

A sense of the predictive strategy employed by excellent readers can be readily
experienced. Read the following sentence:

The old woman livesin a

Most excellent readers, rather than saying to themselves, “ The old woman livesin ablank,”
will naturally, without conscious thought, put aword in the blank: “The old woman livesin a
sho€’ or “The old woman livesin a house” or, for those who live in London, “The old woman
livesin aflat.” The excellent reader will anticipate, or predict, alogica association grounded in
memory before the conscious brain even gets to the blank and will select a word to represent the
predicted meaning (see the “ micro-system for language selection” in Figure 1.3).

The following more complex example used by Dooling & Lachman (1971) demonstrates
the reality that comprehension depends upon an appropriate predictive strategy.

With hocked gemsfinancing him

Our hero bravely defied all scornful laughter

That tried to prevent his scheme

Your eyesdeceive he had said

An egg not atable correctly typifiesthis unexplored planet
Now three sturdy sister s sought proof

For cing along sometimes through calm vastness

Y et more often over turbulent peaks and valleys

Days become weeks

As many doubters spread fearful rumorsabout the edge
At last from somewher e welcome winged creatur es appear ed
Signifying momentous success

Most excellent readers tend to struggle with this text. At first, they can typically ground
this passage in their understanding of “hocked gems” or “financing” and anticipate that, if they
keep reading, the meaning will become clear. As excellent readers progress into the passage,
however, the meaning becomes less and less clear. Because the use of a predictive strategy
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becomes less tenable, the brain must focus on identifying individual words or phrases rather than
predicting the author’ s intended message. Under these conditions, the brain must rely on the
external information (the print, characterized by the sequential phonetic array) rather than the
internal predictive processes that are naturally and wonderfully driven by the brain’s need to
construct meaning. As aresult, reading slows, comprehension progressively deteriorates, and
many readers become overwhelmed and frustrated.

Two additional words aleviate the frustration and make comprehension possible. Read the
passage again with the words*“ Christopher Columbus’ in mind. Knowledge associated with the
name Christopher Columbus enables readers to ground the passage in a predictive strategy,
causing the passage to be easier to read.

Children who under-utilize an implicit predictive strategy for reading will experience the
same difficulty in comprehension that most excellent readers experience on the first read of the
Christopher Columbus passage. Fixating on every individual word is restrictive. Reading becomes
choppy and laborious. It forcesthe subconscious brain to work too hard, trying to link individual
words to other individual words to make sense of text. Nearly five decades ago, Miller (1956)
found that short-term or working memory typically can process only seven bits of information
(plus or minus two) at atime. The phonetic decoding of just two or three words, depending upon
their length and complexity, can easily comprise seven bits of information. Even if recognition of
whole words is used as the dominant reading strategy, sentenceslonger than seven words will
stretch the limits of short-term memory.

Learning to use a predictive strategy for passage reading overcomes the limitations of
working memory by linking knowledge and ideas in the reader’ s brain to ideas expressed by an
author. Making a connection with ideas subsumes dozens of words. Ideas do not residein
individual words. They reside in areader’ s accumulated knowledge and understanding of the
world.

In the interactive constructivist view of passage reading, the significance of meaning to the
complex reading process is far greater than has been previously proposed. Excellent readers do not
read “for meaning” or to gain meaning. Rather, they read “from meaning.” From the moment they
begin to read, their brains seek to ground what they are reading in stored knowledge so they can
anticipate the message. Using this predictive strategy creates linkages between an excellent
reader’ s own stored knowledge and an author’ s intended message and causes the printed message
to make sense. Through thisinteractive, constructive process, excellent readers construct meaning
and confirm and expand their knowledge.

The Alphabet in Passage Reading

If excellent readers do not use the a phabet for decoding or word recognition, how do they
use it? The brain that reads from meaning efficiently searches for discrete, specific alphabetic
information that, when integrated with the meaning under construction, elicits, confirms, or rejects
predictions as to an author’ s intended message. The brain would cause the eyes to work with
optimal efficiency, looking where they needed to at any given moment to get the exact information
required. Such information might come from the beginning, middle and/or end of key words.
Alphabetic information not essential to diciting, confirming, or rejecting predictions of meaning
would be ignored, so some words might be skimmed over without a glance..Through efficient
graphophonic sampling guided by predictive anticipation, silent or oral reading would be
characterized by a steady flow of language, rather than alabored word-by-word recitation.
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Evidence from eye fixation studies supports this proposition. Rather than the beginning of a
word, O’ Regan (1981) and O’ Regan et al, (1984) concluded that visual fixation fallsjust left of
center for longer words. Such afixation pattern would allow the brain to gather awider array of
graphophonic information from a single fixation. For words that are five to eleven letters long,
they found that fixation falls, respectively, at the third or fifth letter. In a more recent study,
Stevens & Grainger (2003) confirmed this finding and noted the following: “The present study
provides further evidence in favor of a coding scheme for |etter-in-string position that uses
relative, rather than absolute, position in the string.” [italics added)]

Novice readers who are guided to focus on sequentia left-to-right phonetic decoding to
identify individual words are put in the position of having to figure out for themselves that using
graphophonic sampling in the process of anticipating an author’ s message (combining discrete,
specific a phabetic information with the meaning under construction to assist in eliciting,
confirming, and/or rejecting predictions) is amore efficient passage reading strategy. Some
children will figureit out, some won’t. Those who don’t are at risk of becoming poor readers as
text complexity increases and more demands are placed on working memory.

Graphophonic sampling can be seen in the following example, in which the reader’ s brain
notes the letters g-b-1. From that information, the reader erroneously predicts “gobble,” but the
word does not fit the context.

Reader reads. Gobble warming may cause the Earth’ s temperature to rise.
Reader analyzes. That doesn’t make sense. What would?

Reader rereads. Global warming may cause the Earth’s temperature to
rise.

In the example, the reader initially used a poor reading strategy—using alphabetic
information to predict a word without using a forward-oriented sampling strategy to enable
grounding of the prediction in the meaning or knowledge of the world that resides in the head of
the reader. The reader then recovered by rejecting the erroneous word prediction and returning to a
criterion of meaning. Even though the second predictionis correct, this reader has areading
problem. Until he figures out how to focus theinitial implicit reading strategy on prediction
emanating from stored knowledge and supported by appropriate graphophonic sampling, he will
continue to struggle with reading. This could explain why instruction in phonemic awareness and
phonics has been documented to have little benefit for older children once their reading problems
are well-established (NRP 2000).

In the next example, the original intent of the paragraph was reportedly to see how quickly
amessage of interest would circulate on the Internet. Though unintended, the scrambled text
creates an excellent example of how the brain anticipates meaning, combined with minimal
specific graphophonic information, to construct a sensible message.

Aoccdrnig to rseearch, it deosn't mttaer in waht oredr the Itteers in a wrod are prseetend.
The olny iprmoatnt tihng is taht frist and Isat ltteres are at the rghit pclae. The rset can be
a toatl mses and you can sitll raed it wouthit a porbelm.

In this example, neither linear “decoding” nor matching the text to “word forms” stored in
a“word form area’ of the brain can be the strategy used to figure out the text. Any word longer
than three lettersin this paragraph does not match any word in the English language. The fact that
this paragraph can be read at all provides strong evidence that passage reading involves radically
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different and more complex neural processing systems and strategies than the linear phonological
processing model currently in vogue.

Finally, the alphabet at work in service to a predictive strategy can be seen in this example
from the first activity introduced. Observe what happens when just one letter is added:

The old woman livesin ah__.

Now, shoe and flat no longer work. The reader settles on, “The old woman livesin a
house” Aslong as the sentence continues to make sense in the context of subsequent sentences,
the reader may move on without considering more a phabetic clues. If, however, the reader is
uncertain about her prediction, she will choose to integrate more alphabetic information to reduce
the uncertainty:

Theold woman livesin ah t.

Asthe brain integrates this additional al phabetic information, it must reject the previously
anticipated meaning and make a new prediction about the author’ s intended message. Grounding
the prediction in knowledge of human dwellings, the excellent reader will now probably predict
that the sentence reads: The old woman livesin a hut. No other predictions readily make sense.
Subsequent sentences will confirm the prediction:

Theold woman livesin a hut. Her homeisin a small villagein Africa.

Additional research into eye movements by excellent readers during the process of passage
reading further supports the proposition that the brain samples visual information in the process of
reading and does not fixate on each word. Paulson & Freeman (2003) assessed numerous studies
on eye movements during the process of passage reading and came to conclusionsdifferent from
those derived by Liberman & Liberman (1992, p. 352), cited by phonologica processing advocates
as claiming that good readers read every word on a page. Paulson & Freeman cite Fisher &
Shebilske (1985, p. 149), Just & Carpenter (1987, p. 37), Hogaboam (1983, p. 315), and Rayner
(1997, p. 319) in their conclusion that excellent readers fixate on roughly 60 to 65 percent of the
words presented in text. Additionally, Paulson & Freeman (2003, p. 12) cite adoctoral dissertation
by Duckett that found a higher rate of fixations in younger developing readers—80 percent—
leading them to conclude that the less literacy experience areader has, “the more fixations the
reader makes during reading—nbut still without fixating on every word.”

Why would thebrain fail to fixate on every individual word during the process of
passage reading? Because a brain oriented to efficiency would not have to fixate on every
word if it can anticipate the author’ s intended message through a process of sampling.

As Goodman and Smith have both suggested, the essence of the reading processisto
“make sense” of text. The reader can only do this through the use of a predictive strategy, whichis
the only way to establish arelationship between the meaning areader brings to the text and the
meaning an author intends to communicate. Establishing such arelationship constitutes the very
definition of “making sense.”

In Overcoming Dyslexia (2003), Shaywitz notes that one of the most effective strategies for
working with dyslexic studentsis “reader’ s theater,” in which students gained one full grade level
of improvement with just 10 weeks of reader’ s theater training. In the skills-based view, the
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improvement is explained as resulting from increased fluency (improved word automation and
retrieval).

In the interactive constructivist view, however, the improvement is explained as follows:
For reader’ s theater, the brain is held strictly accountable to produce excellent oral reading. In the
guest to produce flawless oral reading, the brain must figure out how to efficiently and effectively
integrate the external information (print on the page) with all of the internal neural resources. This
would require the brain to figure out how to operate the macro-system more efficiently—from the
efficacy of executive functioning all the way to how the brain uses the alphabet most efficiently.
The objective of reader’ s theater, therefore, is more in line with what a brain requires to read
passages of text efficiently and effectively than the objective of individual word identification.

Knowledge of aphabeticsis, of course, fundamental to the reading process. It is proposed,
however, that, where passage reading is concerned, the brain does not use graphophonic
information for decoding, but, rather, to support a predictive strategy used efficiently, effectively,
and implicitly by all excellent readers. Letter-by-letter, sound-by-sound decoding may be confined
to moments when the brain encounters words not currently in the reader’ s vocabulary. At such
times, decoding aword represents an attempt to figure out how to pronounce the strange word or
an attempt to match the word to one “heard” at an earlier time and stored in the reader’ s memory.

Remodeling the Macro-System for Excellent Reading

Whether poorly or efficiently, areader reads exactly the way he is directed to read by the
macro-system of neural circuitry constructed to guide the process. It is proposed that reading problems
result when the brain is caused to do the wrong things for passagereading. The result of such
misdirection is the construction of neural circuitry that guides the complex passage reading process
inappropriately.

In the interactive constructivist view, the job of the educator isnot to “teach” skills. Instead, it
isto compel the struggling reader to make new implicit discoveries about the passage reading process.
This can be accomplished efficiently and effectively through application of amodel in which the
struggling reader is held strictly accountable to produce excellence in reading. “Excellent reading” is
defined as reading that feels 100 percent comfortable, sounds like natural conversational speech when
performed orally, and results in comprehension (the accurate construction of the author’ s intended
meaning).

Thefollowing five points reflect what is required to compel abrain to remodel neural circuitry
to produce excellent reading in the interactive constructivist view. As the points are considered, note
how each is performance-driven and easily correlated to attitudes held by excellent athletes and
artisans:

1. The student must develop a clear concept of the desired end result—excellent passage
reading—and must be held accountable to achieveit.

e The brain cannot figure out the complex, implicit process of excellent passage reading if
it does not have a clear and accurate concept of what it istrying to achieve. A brain that
implicitly believes excellent decoding or word identification is the main event of
passage reading fixates on sequential left-to-right identification of each and every word.
A brain that implicitly believes that the main event of passage reading is to understand
an author’ s message fixates on causing reading to make sense, feel comfortable, and
sound like conversationa speech. All these are characteristic of excellence in passage
reading. Methodology developed to adhere strictly to the interactive constructivist view
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would help the student internalize the concept of excellent reading and would help the
student accurately judge whether he has or has not achieved excellence.

e Equipped with the goa of producing excellence and with experiential knowledge as to
what that means, the student’ s implicitly operating brain takes over—experimenting
with implicit predictive strategies until excellence is achieved.

Top athletes and artisans hold themsel ves to extremely high standards of functioning, and
they implicitly learn to modify their performance to achieve excellence.

2. The student must possess strong intent to become an excellent reader.

e A great deal of cognitive energy must be expended to remodel neura networks for
excellent reading. Brains are highly resistant to the remodeling of existing neural
networks. Emotional state can negatively or positively influence an individua’s level
of intent to figure out the passage reading process. For a struggling reader, strong
intent to become an excellent reader is required because intent activates the “ mental
force” necessary to remodel the inefficient neural circuitry.

e Students must maintain an internal locus of control (Rotter 1966), which: 1) supports
strong intent to figure out the process of reading, 2) holds devel oping readers
accountable to fully participate in the methodol ogy, and 3) enables appropriate mental
force to be focused on the task of remodeling the macro-system for reading.

Great athletes and artisans possess unwavering intent to achieve excellence.

3. Thebrain must have smultaneous accessto all possible sour ces of infor mation that
might be brought to bear in figuring out reading so it isfreeto experiment without
constraint.

e Authentic text is required so that the brain has opportunity to pick and choose whatever
information it needs, at any given moment, to support excellent passage reading.

e The brain that needs to remodel its neural circuitry for reading must, without threat or
impediment, experiment solely on itsown. If it is misdirected to focus on explicit
strategies (such as sounding out words), it may cease to use necessary interactive
experiments to figure out the more complex implicit passage reading process. Thisis
not the unstructured “ psycholinguistic guessing game” referred to by Goodman (1996).
Thisisavery specific, highly structured process similar to experimentation used in the
Scientific Method.

Top athletes and artisans utilize experimentation in authentic environments to figure out
how to improve performance.

4. The subconscious brain must be compelled to figure out theimplicit process for
passage reading.

e A student is highly unlikely to figure out the implicit aspects of excellent reading on
his own once a significant or severe reading problem devel ops. Such a student has
constructed flawed neural circuitry for the passage reading process, and the flawed
neural circuitry isin total control. The solution is to create new awareness of what is
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and what is not excellent reading and compel the struggling reader to continuously
employ implicit experimentation to figure out the process until he succeeds in creating
anew macro-system constructed specifically for excellent reading. Understanding of
what a brain requires for excellent passage reading and highly structured guidance that
accurately reflects this understanding have the potential to transform the majority of
struggling readers into excellent readers.

¢ Interactive constructivist methodology would expect struggling readers to have more
unsuccessful experiments initially than successful ones. Failing to achieve excellence
isanecessary step when figuring out the implicit process. It should be conceptualized
as apositive event. The brain has the opportunity to learn as much—perhaps more—
from failure as successes, providing, however, that the student holds his brain strictly
accountable to ultimately achieve excellence.

Excellent athletes and artisans drive themselves to be excellent. They hold themselves
accountable to high performance standards, and they do not stop experimenting with the
implicit aspects of a desired task until they succeed.

5. The subconscious brain cannot be pushed into a state of abandonment.

e When an experiment fails, the brain is thrown into a“disequilibrated” state. The brain
is compelled to escape from the discomfort of disequilibration and so compulsively
seeks a successful experiment to “quiet itself.” If the reality of the failure cannot be
consciously accepted and dealt with, the brain may move into a state of abandonment,
where it refuses to experiment further.

e Abandonment isless likely to occur if the brain is appropriately challenged but not
overwhelmed and if the student accepts failure as an inevitable part of the experimental
process that ultimately leads to excellent reading ability.

¢ Interactive constructivist methodology prevents abandonment by implementing
techniques that produce excellence in spite of the reading problem, causing the student
to experience success.

Top athletes and artisans simply do not give up. They demand high performance of
themsel ves and have experienced success, but they are also willing to accept failure and
seeits benefit to the attainment of success.

At least one methodology has been devel oped to strictly reflect the interactive
constructivist view. Reading specialists at the classroom level who have used the methodol ogy
(see “Evidence” section) have reported elimination of reading problemsin 65 percent or better of
adolescent studentsin asingle school year, many of whom are English language |earners or have
been diagnosed as |earning disabled or cognitively challenged. Of the remaining 35 percent,
approximately 65 percent were reported to eliminate their reading problems within the second
school year.

The interactive constructivist view suggests several possible reasons for continuing reading
failure among the small percentage (approximately 12%) of struggling adolescent readers who do
not eliminate their reading problems in the first two years:

1. Aninability to internalize the concept of excellent reading.
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2. Lack of intent that could result in abandonment, including severe stress, rooted in past
failure and brought on by the prospect of failing again.

3. Significant processing disturbances that impede the brain from easily and comfortably
accessing needed information from text, thereby creating added challenges for
attention, memory, and/or executive functioning.

4. Significant and rare brain damage or deformity that impairs multiple arenas of
functionality.

Significantly, instructional practices have the potential to contribute causally to the first
three suggested areas. For example, the ability to internalize a concept of excellent reading can be
seriously impaired when successful word identification is the goal and students aretold the jerky,
unnatural oral delivery typical of decodersis‘good only because all the words were correctly
identified. Or, any kind of instruction that diverts brain activity away from the “hidden
mechanisms’ required for efficient and effective passage reading to explicitly identifying words
may frustrate a child and eventually lead to abandonment. And, afinal example: an underlying
brain-based processing disturbance, such as an undiagnosed visual processing problem, may cause
the brain to be unable to easily and comfortably access graphophonic information from the text as
needed. The resultant difficulties that manifest in the student’ s reading ability could be
misconstrued as a skill deficiency—or a problem with phonological processing (Stanovich et al.,
1984; Stanovich & Siegel, 1994). The instructional response by teachers well-informed in the
skills-based view of reading development typically would be to re-visit explicit, systematic
phonics instruction rather than to seek interventions to address the visua and cognitive processing
problem. Told that the problem is deficient decoding skills, the child' s brain would become
explicitly focused on the individual identification of “words” rather than implicitly focused on how
to compensate or adjust for the underlying processing problem.

An authority in the field of cognitive science specializing in dyslexia, Ramus (2003, p.
212) notes that there are at least four major theories for dyslexia: 1) an auditory deficit (Tallal,
1980), 2) avisual perceptual dysfunction caused by a defect in the magnocellular system
(Lovegrove et al., 1980; Stein, 2001), 3) a cerebellar/motor dysfunction (general sensorimotor
syndrome) (Nicholson et a., 2001; Hari & Renvall, 2001; Stoodley et a., 2000), and 4) a
phonological processing deficit (Liberman, 1973; Stanovich, 1988; Snowling, 2000).

What Ramus does not suggest as one potential cause of dyslexia, however, isinappropriate
instruction that does not accurately reflect what the brain must do to read passages of text
efficiently and effectively. It is proposed in this paper that the mgjority of dyslexiais caused by
misunderstandings by the reading field of what is needed by the brain to construct neural circuitry
for efficient and effective passage reading. If thisis correct, then a methodology designed to
compel brains to remodel erroneously operating macro-systems to operate efficiently and
effectively should be able to transform most struggling readers, including dyslexics, into excellent
readers. The case studies presented in the next section describe such transformations. The case
studies are augmented by controlled and longitudinal studies, as well as pre-test/post-test
evaluation evidence, al supporting the efficacy and the replicability of the interactive
constructivist intervention model.

Evidence of the Accuracy of the I nteractive Constructivist View
The interactive constructivist view of reading development, as presented in this paper and applied
through the first methodol ogy designed to adhere strictly to its theoretical constructs, has been in
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development since 1977 (Tadlock, 1978; 1986). The methodology (named READ RIGHT but
heretofore referred to as “the methodology™) is designed to compel struggling readersto
completely remodel neural circuitry specifically for passage reading. It is composed of four
Separate components:

Step 1: Excellent Reading Component.

A student must build an accurate concept of excellent reading so he knows when he is achieving
excellence and when heis not. The methodology includes a prescribed system for assisting the
student to internalize an accurate concept of excellence. To help the student begin to use a
predictive strategy, the predictability of the text is enhanced through a series of well-defined steps.
Enhanced predictability entices the brain to experiment implicitly with a predictive strategy in the
guest to achieve excellence.

Step 2: Coached Reading Component.

The student reads out loud from unfamiliar text. Symptoms emerge because the neura network built
specifically to guide the process of reading is operating inappropriately. The tutor adhering strictly to
interactive constructivist methodology responds to the errors as they occur. Highly structured
feedback is designed to | et the student know that his current reading strategies are not producing the
desired results. This creates a cognitive confrontation that contributes to a slight to moderate state of
disequilibration intended to increase (but not diminish) intent to figure out the implicit process. The
highly structured feedback is designed to influence experimentation in the direction of a predictive
strategy while holding students accountabl e to a high standard of performance.

Step 3: Independent Reading Component.
Students create for themselves a laboratory for further experimentation to fine-tune their
newly-discovered implicit reading strategies.

step 4: Critical Thinking Component.

Students are guided through a process of improving critical thinking skills. Students answer
guestions requiring critical thinking and then interact with other studentsto analyze errorsin
thinking that yield incorrect answers.

The interactive constructivist reading intervention that employs these four components
while at the same time completely and intentionally avoiding any strategy that would cause the
brain to focus on individual word recognition is demonstrating the ability to produce significant
gains in passage reading ability with most struggling readers. Those experiencing significant gains
include individuals diagnosed with specific learning disabilities and those who have, at one time or
another, qualified for specia education and/or English language programs. The most recent
evidence comes from schools using the methodology. During the 2004-2005 school year, more
than 2,600 students in elementary, middle, and high school were tested when they entered the
program and again when they left it for any reason (program completion, departure from the
school due to grade promotion, etc.) The following reflects the gains noted through that testing
with al of the students taking both the pre- and post-tests:

Testing instrument: Gates-MacGinitie Reading Tests, comprehension sub-set, administered to 2,683
students by school employees at 216 schools.
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Average Average
Category of Students: # NCE Pre- NCE Post- | Average
Test Score Test Score Gain
All Students Tested: 2,683 26.0 34.6 8.6
Special Education Students: 601 19.3 29.9 10.6
English Language Learners: 780 23.1 31.3 8.2

Normal Curve Equivalent (NCE) Scores: Borman, Hewes, Ovverman & Brown (2003) have defined a
gain of 1.9 to 3.2 NCE as “meaningful.” Read Right results for all projects during 2005 reflect NCE gain that
is three times what is considered meaningful.

Case studies provide further evidence of the effectiveness of methodology strictly
grounded in the interactive constructivist view.

CASE STUDY #1. “Tom”

“Tom” (apseudonym) is a 28-year-old college student with a history of learning
disabilities, including clinically diagnosed dyslexia, who has granted his permission to share the
details of this case study. In the second grade, Tom was evaluated for learning disabilities at
Children’s Hospital in Boston. Clinicians there noted gaps between his cognitive ability and his
performance and, according to his mother, communicated that he could not be expected to do well
academically but that he would be able to learn basic living skills.

In fourth grade, Tom began spending most of his school day in aresource room with
specia education interventions. For Grades 7 and 8, he attended the renowned Landmark School
for dyslexic students. In Grade 10, he attended a public school and was provided with remedial
reading instruction viathe Wilson method. Tom graduated from high school reading at a second
grade level.

When Tom was 23 years of age, he began long-distance telephone tutoring with
methodology strictly grounded in the interactive constructivist view. By telephone, he participated
regularly in tutoring sessions twice a week, one hour per session, and eliminated his reading
problem in just over two years. He was graduated from the program based upon his ability to read
unfamiliar post-high school materials without errors and with natural cadence and full
comprehension. He was 26 years of age at the time of graduation.

Tom enrolled in college and attended through his junior year. He required accommodations
only for residual writing and math issues. Tom reports that his writing and math issues are
improving. Although he requires no support for reading, Tom’s reading speed is slower than he
would like. He aso reports that certain lighting conditions (usually poor quality fluorescent lights
commonly used in public schoolsand colleges) interfere with his physical comfort and visual
stability during reading.

In March 2003, Tom’s mother reported that he had earned a 4.0 in his most recent quarter
of college. Tom’s coursework during that quarter included the study of electric systems, circuits,
and architecture. Additionally, without any accommodations at all, Tom had taken coursework for
and passed tests on the first attempt for national emergency medical technician certification. Some
of Tom’'s study partners, who had not experienced learning disabilities as children and teens, failed
the exam on the first attempt.

Tom maintained a 3.3 GPA throughout college. In December 2003, he made a personal
decision to leave college and start his own business. In preparation for his business, Tom has read
and is reading numerous busi ness-oriented books.
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Tom has far exceeded the expectations of medical doctors and learning specialists who
evaluated him throughout his childhood and teen years. Tom and his family attribute his success to
interactive constructivist methodology.

CASE STUDY #2: Jordan Null

Jordan is a 19-year-old high school graduate with clinically diagnosed Down syndrome and
severe developmental disabilities, including a debilitating stuttering problem. Jordan has along
history of participation in special education and after-school remedial programs, documented
through school records. Beginning at age 3, he attended devel opmental pre-schools and later
repeated kindergarten. Between second and sixth grades, Jordan partidpated in pull-out programs
for reading and math, including continuous and intensive training via the Orton-Gillingham multi-
sensory method (40 minutes a day, five days aweek). His mother, Paula Null, reports that, by the
end of sixth grade, her son struggled to read upper first grade/lower second grade level materials.
Jordan spent seventh and eighth grades in aresource room for reading. By eleventh grade, Jordan’s
reading level was determined to be in the same late first/early second grade range. Prior to
enrollment in the program using interactive constructivist methodology, Mrs. Null described her
son as a nontreader who resisted almost all recreational and functional reading.

The summer before Jordan’ s junior year, his mother observed that one of her son’s
classmates with a severe reading problem had made tremendous progressin reading in asingle
school year. She inquired about the source of his progress and learned about the school’s new
interactive constructivist reading program. Staff at the school had not informed Mrs. Null about the
program because of concernsthat it was not an appropriate match to her son’s disability. She
requested that her son try the program and he was enrolled on atrial basisin October 2001.

Tutors started Jordan in first-grade level books. In the first year, Jordan’ s tutors noticed a
marked decline in his stuttering during the oral reading component of the program and significant
improvement in his ability to read materials efficiently. By the end of the school year, he was
reading third-grade level books. In an interview in September 2002, Mrs. Null said her son had
become an avid reader—reading “anything he could get his hands on.” Jordan continued the
program as a senior and gained another full year in reading ability. In October 2003, Jordan was
reading recreationally at afourth- and fifth-grade level and is continuing with an interactive
constructivist intervention tutor on fifth and sixth grade materials.

In the September 2002 interview, Mrs. Null reported the following about her son’s
development in the interactive constructivist intervention program:

He has continually progressed. ...He wouldn't read the TV guide and now he picks it up,
and he reads. He couldn’t do that before. Jordan is now reading independently. He got out
the Driver’s Manual to the car and started reading... . He started reading parts of the
church bulletin that he can understand. He never would have done that a year ago.

In October 2003, Jordan’ s interactive constructivist tutor provided the following
information, with permission:

[With Jordan] there is a speech problem, too, and we’re seeing progress in areas other than his
reading. His vocabulary is growing and so is his ability to communicate with others. He is able to
give longer answers to his family. He’s not giving up so easily when he is trying to communicate.
For example, he was reading a story on whales to his mother and she couldn’t understand him
when he said the word ‘whales.’ Jordan explained what was happening in the story and then his
mother understood that he was talking about whales. Jordan is also learning how to relate things in
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his environment to things in stories. He is learning to link vocabulary and concepts in books to his
world. This has tremendous benefit for him because it is helping him to read, but it's also helping
him to learn about things in his world. Because he can see and apply things that he is reading
about—computers, Christopher Columbus, space, the ocean—Jordan is now more interested in
seeking out things that are fact-based and science-based.

Jordan’ s tutor reports that little more is done for him than the basic interactive
constructivist reading intervention. Additionally, even though he has not received remedial
instruction in handwriting in the last two years, his tutor reports improvements in Jordan’s
penmanship, as well. In the interactive constructivist view, this may be attributable to two things:
Jordan’ s improved subconscious understanding of how printed language works and his improved
subconscious understanding of what is required to build or remodel neural circuitry to guide a
process with excellence. It is possible that Jordan’s brain is applying these new understandings to
improve his penmanship deficits. His tutor reports:

He used to write me notes, and it would be kind of bunched up. Some letters would be
capitals and some would be lower case. Now he can write me a note with correct
capitalization and on unlined paper. It is straighter and more consistent. His writing is now
easily legible.

CASE STUDY #3:
Ken Reinertsen & The Simpson Timber Company Adult Literacy Project

The effectiveness of the interactive constructivist view of reading was first formally tested
with adultsin the early 1990s by the Simpson Timber Company, based in Shelton, Washington
when the company chose interactive constructivist methodology for a pilot literacy project.

Ken Reinertsen, age 43, was one of 20 struggling readers who volunteered for the pilot
project. As a high school student, Ken was diagnosed with dyslexia by clinicians at the University
of California, Los Angeles. He attended UCLA’s Fernald Reading Clinic for more than one year,
where he developed |abored, inefficient reading ability in a second grade range. He graduated from
public high school reading at the same level.

Ken chose ajob in the timber industry in part because it did not require reading. In 1990,
Ken's employer, Simpson Timber Company, began apilot literacy program as part of atotal
quality Vaue Adding Management strategy that included Total Employee Involvement (TEI).
Inadequate literacy skills among timber workers were a major stumbling block to the success of
TEI because adults with literacy problems were reluctant to participate. The company

benchmarked and examined a variety of adult literacy programs being used across the U.S. and
chose interactive constructivist methodology because it was determined to be significantly
different in its approach from any other reading program Simpson’s employees had encountered in
prior educational experiences.

At the start of the project, enrolled employees read successively more difficult passages of
text to establish abaseline reading level. Ken’ s reading was described as “very stilted, slow, and
word-by-word.” He inserted words that rendered the text meaningless, dropped endings from
words, and omitted articles, causing the language produced during reading to sound awkward. The
severity of Ken's reading problem resulted in his placement in first-second grade level booksto
begin the program. After 60 hours of tutoring Ken was reading well enough to read his first novel,
Where the Red Fern Grows by Wilson Rawls, and after atotal of 99 hours of tutoring, he was
reading at a post high school level with ease, comfort, and understanding. Even before completing
his interactive constructivist tutoring program, he began reading management books, including The
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Goal, Before It’s Too Late, Zapp!, One-Minute Manager, The Art of Leadership, Total Quality
Control-Japanese Syle, and Better Makes Us Best.

On apersonal note, Ken stated, “ After 22 years of marriage this was thefirst year | could
give my wife an anniversary card. Before, | could not read what was on the cards.” Twelve years
later, Ken reports that heis still a proficient reader and that he cannot imagine life without reading.

The pilot literacy project was deemed a success by Simpson Timber and expanded to 17
other sitesin atotal of seven states. Washington, Oregon, California, Michigan, Pennsylvania,
Vermont, and Texas. Between July 1993 and January 1995, dozens of tutors helped hundreds of
timber workers learn to read through interactive constructivist methodology. During that period,
month-by-month records on the total number of hours tutored and total number of grade levels
gained were kept for the program. The information was reported by tutors from the various
program sites.

A review of the data shows that Simpson tutors delivered 17,654 hours of tutoring and
reported 1,998 grade levels of gain—one full grade level of improvement in reading ability for
every 8.8 hours of tutoring. Reinertsen’ s rate of improvement was about average. He gained one
full grade level for every 9 hours of tutoring.

The successes of Tom, Jordan, and Ken are not atypical of improvement with methodol ogy
strictly reflecting the interactive constructivist view of reading. These three were chosen for
reporting because of the documentation available as to their diagnoses and the interventions tried
prior to the interactive constructivist reading intervention.

School administrators and site coordinators employed by schools using the
methodology verify its effectiveness for both elementary-age children and teens. Fonda
Huneycutt is superintendent of the Forestburg Independent School District, Forestburg,

Texas. Prior to becoming a school administrator, Huneycutt was afirst grade classroom
teacher and an elementary reading specialist. In Forestburg, the interactive constructivist
reading intervention is used with second graders through high school students. Huneycutt
reports that, in the program’ s first four to six weeks, regular classroom teachers began to
notice improved fluency among previously poor readers of all ages, and older students
began to complete homework on time. As reading ability improved, school adminigrators
noted a marked reduction in discipline referrals and parents commented on improvement in
children’s behavior.

In aletter, Huneycutt recounts the significant improvements made by some of
Forestburg’ s specia education students:

At the program start, Forestburg had three students who were labeled by special ed
diagnosticians as ‘non-readers.’ One of these frustrated students could read very few
words last January as a second grade student. At an ARD (Admission, Review, and
Dismissal) meeting, staff reported that the student is reading at a 2.7 grade level as
measured by the WIAT-2. (The methodology) uses Gates-MacGinitie, and it is nationally
normed. We also use the Star Assessment, and results closely align with the WIAT-2 and
the Gates-MacGinitie. The special education diagnostician has been re-testing students
and she reports at the ARD committee meetings that some of our students (using the
methodology) have gained four grade levels since last tested.

Sharon Schmitt has been a tutor and site coordinator using the methodology in Washington
State for nearly five years and, prior to that, was a secondary reading teacher for 14 years. Schmitt
volunteered the following about her experiences implementing the methodol ogy:
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My school decided to implement [the methodology] four years ago in an attempt to provide
assistance for the 67% of incoming sophomores who were reading 2 or more grades below
their current level. Of those, approximately 60% were reading at the second/third grade level.
Additionally, approximately one-third of our students qualify for Title I, special education, or
ELL services. ... (the methodology) more than met our expectations. The first year, 67% of
students left the program reading at grade level. On average, students realized three-plus
grade levels of gain in their instructional reading level, many realizing as much as five and
six. Students showed an average increase of 1.9 years on the Gates-MacGinitie standardized
test, and we had our first increase on the state’s assessment test... .

A study designed to investigate the effectiveness of the methodology with at-risk
tenth grade students from two high schools in Schmitt’s district supports the methodology’s
effectiveness. Forty-nine students who received interactive constructivist tutoring and no
other interventions in the tenth grade were matched to a randomly selected control group of
49 tenth graders not participating in the methodol ogy. The two groups were matched based
upon ethnicity and 7th grade test scores from the Washington Assessment of Student
Learning (WASL).

All 10" gradersinvolved in the study (experimental and control) took the 10" grade
WASL. The results were compared. Data was provided by the school and analyzed by an
independent third-party evaluator (Litzenberger, 2001a).

Onthe 7" grade WASL, no student in either the experimental or the control group
met the standard of performance on the reading component or any of its sub-tests. On the
10" grade WASL, highly significant differences in favor of the experimental group were
found in every subset of the test and in overall standards (p = 0.001). The results: 26 of the
students tutored in the methodology grounded in the interactive constructivist view of
reading development met the standard overall in the 10" grade (53 percent), compared to
12 of the non-tutored students (24 percent). Tutoring the students with a methodol ogy
reflecting the interactive constructivist view produced a 67 percent gain in students meeting
the standard on the state reading sub-tests. The datafor all subsetsis reported in Table 2.1.

TABLE 2.1

GRADE 10 PERCENT OF STUDENTSMEETING STANDARDS

2001 WASL Grade 10 Comparisons

Assessment

Reading Sub-Test READ RIGHT Control
Information Analyss 51 20
Information Comprehension 53 31
Information Critical Thinking 53 35
Literature Analysis 61 49
Literature Comprehension 57 39
Literature Critical Thinking 57 32
OVERALL STANDARD 55 32

In a separate study, the longitudinal reading performance of students tutored with
the methodology in Union Gap School, Union Gap, WA was assessed (Litzenberger,
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2001b). The purpose of the study was to determine whether gains would be made during
tutoring and, if so, whether these gains would be maintained over an extended period of
time. Each student was administered the Woodcock Reading Mastery Test (WRMT) prior to
beginning the tutoring program. When students exited the program, they were administered
adifferent form of the WRMT as a post-test. Two to five years after they had exited the
program, al of the originally tutored students who could be found (17 middle school
students and eight elementary students) were re-tested using the form of the WRMT that
had been used in the pre-test. None of the re-tested students received any kind of reading
intervention after they exited the program.

The group at pre-test registered a mean Normal Curve Equivalency (NCE) score for
Total Reading of 35. The post-test mean NCE score immediately following tutoring was
63, asignificant gain of 28 NCE (p = 0.001). When students were re-tested for the
longitudinal study between two and a half to five years after they had exited the program,
the mean NCE score for Total Reading was 53, demonstrating that students continued to
keep pace with their peers. For details of the results, see Table 2.2.

Table2.2

Woodcock Reading Mastery Test
Reading Sub-Tests

Pre-Test Post-Test Re-Test
Word Identification 39 59 48
Word Attack 38 69 59
Basic Skills Cluster 37 67 53
Word Comprehension 35 49 48
Passage Comprehension 35 57 56
Reading Comprehension Cluster 34 56 51
Total Reading 35 63 53

The 28 NCE gain from pre-test to post-test demonstrated in the Union Gap study is
amost unheard of in the reading field. A 10 or more NCE gain is considered exceptional
and not uncommon for programs using interactive constructivist methodology to address
reading problems. The following information reflects a sampling of other schools reporting
again of 10 NCE or more, using the Degrees of Reading Power (DRP) test or Gates-
MacGinitie Reading Tests, comprehension sub-set.

e 1n 1999, 19 at-risk students at Curtis Junior High, University Place School District, were
administered the DRP test. After an average of 57 hours of tutoring, students registered a
mean gain of 13.1 NCE.

e In 2000, 16 at-risk students attending an alternative secondary school in the Arlington
School District were pre- and post-tested with the DRP test after an average 51 hours of
tutoring. The students registered a mean NCE gain of 21.5.

e |n 2002, after an average 63 hours of tutoring, 20 Meeker Junior High students (Kent
School District near Seattle, WA) achieved a mean NCE gain of 10.5 on the
comprehension sub-set of the Gates MacGinitie Reading Tests.

e 1n 2003, 113 specia education-qualified students registered a mean gained of 10 NCE as
measured by the comprehension sub-set of the Gates-MacGinitie Reading Tests after
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receiving a mean 54 hours of tutoring, The 113 students included all special education
qualified students at nine project sites.

e |n 2005, 86 students at Greyhills Academy in Tuba City, Arizona, a project serving Navgo
and Hopi Native American students, were pre- and post-tested with the Gates-MacGinitie
Reading Test, comprehension sub-set, and demonstrated an average NCE gain of 11.1—
including an average gain of 11.9 for 33 students qualifying as English language learners.

e Alsoin 2005, 149 specia education studentsin the Highline School District averaged an
NCE gain of 14.6 in pre- and post-testing with the Gates-MacGinitie Reading Test,
comprehension sub-set.

Conclusion

In 2000, the National Reading Panel concluded that explicit, systematic instruction in
phonemic awareness and phonics should be aregular part of early reading instruction. It
also concluded that classroom instruction was better served through a balanced approach
addressing phonemic awareness, phonics, vocabulary, fluency, and comprehension, the five
components of what has come to be known as the “skills-based view” of reading
development. Significantly, the National Reading Panel also acknowledged that few
children with reading problems beyond the age of nine benefit from additional phonemic
awareness and phonics training. No specific direction is offered as to what would
systematically and methodically address their reading problems.

In the interactive constructivist view as presented in this paper, passage reading and
individual word identification are separate cognitive events, involving different neural processes
and resulting in different neural activation patterns. Excellent passage reading results when the
brain constructs semi-permanent neural circuitry that becomes the “ super highway” for efficient
executive functioning, involving the planning, controlling, and coordinating of all stored
declarative and procedural knowledge relevant to the passage reading process. Without efficient
implicit navigation through the maze of brain systems that store chemically and electrically
encoded information throughout the brain, excellent passage reading cannot occur.

Pediatrician and author Mel Levine (2002) has noted: “All too often, searches for causes
are biased. People seek and find either what they were trained to find or that which they find most
interesting.” Those who devel oped and have promoted the phonological processing view avoid
discussion of the fundamental elements of cognition (attention, memory, and executive functions)
in favor of an assumption that the “main event” and foundation of reading is word identification.
Individua word identification and associated phonological processing fit with a speech-and-
language view of reading development. If the phonological processing hypothesisis flawed in any
way, then questions need to be raised as to associated research designs, conclusions, and
recommendations. Indeed, significant questions have already been raised within the field of
reading (Allington, 2002; Coles, 1998, 2000; Goodman, 1998; Taylor, 1998).

The fundamental elements of cognition and brain processing are at the core of the
interactive constructivist view of reading development. As LeDoux (2002), Vygotsky (1986), and
Inhelder & Piaget (1964) all suggest, the work of constructing a macro-system occurs implicitly—
below the level of consciousness—as does the subsequent operation of the macro-system when it
is accessed to perform the process it was built to guide. A child riding a bicycle has no conscious
awareness of what his brain is doing to make bicycle riding happen, and, likewise, humans reading
passages of text have no conscious awareness of what the brain does to make efficient and
effective passage reading happen.
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It isthislack of conscious awareness—or the implicit nature of reading—that has likely
stumped reading experts for years and caused the reading field to over-focus on reading’ s explicit
components—individual words printed on the page. For approximately 200 years, the explicit
aspects of reading have taken precedence over what it isthat giveslife and meaning to words—the
thinking human brain.

Simply stated, passagereading is probably an interactive and integrated, implicitly
operating cognitive process involving a predictive strategy oriented to neural efficiency in
discovering the author’ s intended meaning or message. If thisis correct, then excellent readers
would read through the most efficient means possible, and not necessarily through linear phonetic
or whole word reconstruction of the message. Graphophonic sampling, or the sampling of
aphabetic information in the process of anticipating a message, would bea more efficient means
of reading than linear decoding or whole word recognition. It would ensure literal comprehension
because areader cannot continue to engage in a predictive strategy without accurately constructing
the author’ s intended message as he goes. Additionally, causing the brain to make linkages with
stored memory and the construction of meaning—rather—than—the—identification—of—each—
and—every—individual—word—allows the brain to overcome limitations to short term memory
by allowing the brain to make connections with language-rich concepts, rather than words.

At the beginning of this paper, six questions that have stumped the reading field for years
were presented (see page 3 to review the questions). Four concepts associated with the interactive
constructivist view of reading development suggest logical answersto al six of thereading field's
unanswered questions:

ConNcepT 1) Phonological processing and individual word identification are not the main
events of passage reading or reading development (re: Questions 1-3). In the interactive
constructivist view, the main event of passagereading is to anticipate an author’s message through
the efficient deployment of executive functions and the use of a predictive strategy. To build
neural circuitry designed to make the predictive strategy work, the devel oping reader must have:

e Animplicit understanding of excellent reading so the brain has a clear concept of
what it istrying to achieve;

e Strong intent to figure out all of the implicit and explicit aspects of the passage
reading process,

e A subconscious understanding that anticipatory systems must be used to figure out
how to produce excellent reading.

It islikely not a coincidence that both hearing impaired children and victims of the fourth
grade slump stall in reading development at athird or fourth grade level. Both may stall because
their brains are over-dependent upon individual word identification as the primary reading strategy
rather than anticipatory systems to predict the language in text, thereby thwarting efficient
executive functioning and exceeding the limitations of short-term memory.

CONCEPT 2) A brain that operates on only one or two aspects of the complex, integrative
reading process and fails to figure out all of the other implicit aspects of reading will have a
reading problem (re: Questions 4 and 5). The “Matthew Effect,” persistent reading problems, and
the “fourth grade Slump” are likely different manifestations of the same core problem—neural
circuitry that is not appropriately constructed for efficient and effective passage reading. A brain
that attempts to read in a manner that isinefficient is bound to encounter frustration. As frustration
builds, the brain may become prone to giving up easily or, technically speaking, abandonment,
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creating one possible source of abrain that appears to struggle consistently (the essence of the
“Matthew Effect”).

Whether hearing or deaf, all developing readers must hold themselves accountable to
produce efficient and effective passage reading, rather than individual word identification. Asthey
do, they construct the kind of macro-system necessary to guide the passage reading process with
excellence. Strong intent, keen ability to use a predictive strategy, and the subsequent efficient
deployment of executive functions likely produce children who do not struggle with learning. Such
efficient brain operation supports al kinds of classroom learning, not just reading development.

CoNcePT 3) A child, teen, or adult with a reading problem ultimately must apply “ mental
force” to remodel inefficiently operating neural circuitry (re: Question 5). The entire macro-
system of neural circuitry—not one or two micro-systems within the macro-system—must operate
appropriately for excellent reading to be achieved. One of the primary problems with reading
theory currently in vogue isits focus primarily on one micro-system of the brain (the language
system). If passage reading involves much more than decoding and vocabulary, applying mental
force only to correction of afew aspects of the brain’s language system would be destined to have
apoor track record of being able to correct reading problems.

Most instruction provided to children with reading problems continues to reinforce the
erroneous concept that reading is dependent upon decoding and individual word identification. As
long as interventions continue to send an erroneous message to the brain relative to the
fundamental nature of the passage reading process, reading interventions are likely to produce hit-
and-miss results, with an overall low rate of success at completely eliminating the reading
problem. Reading interventions that more accurately reflect what the brain must do to read
passages of text logically would hold greater potential to eliminate reading problems
systematically, quickly, and efficiently.

CoNCEPT 4) The student for whom reading suddenly “ clicks” successfully figures out the
correspondence and relationship between reading and the interactive nature of human
communication (re: Question 6). Such a student devel ops a sudden implicit understanding that
reading involves proactive construction of a message based in a predictive strategy emanating
from internal neural structures rather than the passive and explicit activity of individual word
identification. From the perspective of an observer, this would appear as a sudden shift from
dependence on decoding to the use of an efficient and effective predictive strategy to anticipate a
passage’ s message. Within the child’ s brain, amore efficient neural network would have been
constructed over time, but gone unnoticed by the observer when reading was occasionally as
efficient as conversational speech. The “sudden click,” so to speak, reflects the child’s permanent
shift to the more efficient reading strategy. Duckworth (1996) may have aptly described the
sudden click as “the having of awonderful idea.”

Throughout this paper it has been proposed that word identification and sentence or
passage reading are separate cognitive acts, involving different neural activation patterns.
Evidence from peer-reviewed literature has been presented to support this position. It is
also proposed that individual word identification is not reading’s main event. Instead, it is
proposed that the brain must construct a macro-system of neural circuitry to guide the
passage reading process and this macro-system performs executive functions that cause the
brain to efficiently and effectively access all relevant micro-systems (or processes) and
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knowledge as needed stored throughout the brain. Children and adults who learn to read
this way become excellent readers because their neural circuitry is geared to construct the
author’ s message or meaning, which they do by establishing a predictive relationship
between their pre-existing knowledge and the meaning intended by an author. Excellent
readers know implicitly that they must read from meaning not for meaning because passage
reading, like all learning, is an inside-out process; not an outside-in process.

The new theory is evidenced-based, grounded in widely accepted learning theory as
defined by Lev Vygotsky and Jean Piaget and accepted knowledge about synaptic brain
activation and the formation and use of neural networks, first articulated by Hebb, and later
expanded upon and articulated by Johnson, Allman, LeDoux, and others. In the new theory,
memory, attention, and executive functions, appropriately defined by multiple researchers,
play avital rolein both learning how to read (building the macro-system that will guide the
reading process) and, subsequently, the process of reading (utilizing the macro-system to
“operate”’ on the text, reconstructing the author’ s message through a predictive strategy).
The fact that memory, attention, and executive functions, recognized components of
cognition, are not accounted for or assigned prominent roles in reading development by
other popular views (the skills-based view as defined by the NRC, NRP, and Shaywitz or
whole language philosophy as defined by Goodman or Smith) should be considered serious
short-comings of these views and cause for closer scrutiny of them by the scientific

community.
The interactive constructivist view of reading development is the first to unite what

is known and accepted about learning theory and global synaptic brain activation, including
but not limited to language systems, auditory processing, visual processing, memory,
attention control, and executive functions. The view is grounded in a basic human need to
make sense of the world—the ultimate definition of “meaning” and the ultimate driver of
learning.

The high degree of effectiveness of methodology fully grounded in the new view
suggests that the current hit-and-miss nature of reading remediation has the potential to be
replaced with approaches that yield far more consistent results. Teachers and struggling
readers should not have to experiment with amyriad of interventionsin the hope of finding
onethat works. Thisidea, in and of itself, suggests that the true cause of reading failure has
not yet been accurately identified.

Summarizing “the essence of Kuhn'stheory,” Waller (1987) reminds the scientific
community:

. . .science progresses not by the steady accumulation of facts but by a succession of
revolutions (or ‘paradigm shifts’), where paradigms are discarded in favour of new ones that
are seen as better able to resolve key problems. [p. 79, parentheses added]

To use Kuhn’s own words: “Paradigms gain their status because they are more successful
than their competitorsin solving afew problems that the group of practitioners has come to
recognize as acute.”

Given that 20 million children continue to struggle with reading in the U.S. alone
(Lyon, 2003a), the interactive constructivist paradigm and the first methodol ogy devel oped
to adhere strictly to it are worthy of thorough scientific exploration and testing.
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	Introduction
	Reading experts do not dispute the definition of phonology—the science of speech sounds and their organization. Disagreements have occurred, however, as to how phonology is used in the process of passage or sentence reading. The two most common views are:
	We read by associating written symbols with sounds of speech through a process of sequential left-to-right decoding, repeating this activity until we create a “word form” that leads to storage and automated retrieval of a word’s spelling, pronunciation, and meaning in a “word form area” of the brain (Shaywitz, 2003).
	We read by sampling graphophonic information on a page in the process of making linguistic-based guesses about the meaning that is inherent in the text being read (K. Goodman, 1968).
	Evidence from functional magnetic resonance imaging (fMRI) and positron emission tomography (PET) in recent years appears to support the decoding-oriented phonological processing hypothesis (Peterson et al., 1988; Neville et al., 1993; Pugh et al., 1997; Lyon & Rumsey, 1996; Shaywitz et al., 1998; Fletcher et al., 2000). More recent imaging evidence, however, (Keller et al., 2001; Vandenberghe et. al., 2002), suggests that individual word recognition and passage reading are separate cognitive events, characterized by different patterns of neural activation. The most recent imaging evidence (Price et al., 2003) makes the case that assumptions made by phonological processing advocates as to the existence of a word form area of the brain are erroneous. If the new data is valid, then new discussions on the nature of the passage reading process are warranted.
	Piaget (1950) observed: "Every psychological explanation comes sooner or later to lean either on biology or logic." For most of the past 100 years, reading instruction and interventions to eliminate reading problems have leaned on logic—the logic that points to individual word identification as both the main event of reading and the focus of reading development. If, however, this logic is wrong and inconsistent with other aspects of knowledge associated with the brain, then the erroneous assumption could contribute to a flawed view of the nature of reading development and, subsequently, to reading difficulty among millions of children and adults.
	In the United States alone, the U.S. government estimates that 40 percent of all fourth graders and 60 percent of fourth graders growing up in poverty fail to meet basic literacy standards. Additionally, “75 percent of students reading poorly at nine years of age continue to flounder in reading into the adult years” (Lyon, 2003a). In spite of recent efforts at reading reform, reading experts associated with government-sponsored initiatives acknowledge a widespread reading problem called “the fourth grade slump”—late emerging reading problems in which reading development stalls at or near a fourth grade level (NICHD, 2002; Leach, Scarborough, Rescorla, 2003).
	This paper proposes that the cause of most reading failure, including most “dyslexia” and “the fourth grade slump,” is flawed thinking about reading development and associated instructional practices that produce hit-and-miss results rather than systematic elimination of reading problems. Central to this flawed thinking may be assumptions as to how the human brain uses phonological information to support the passage reading process. This proposition is grounded in both learning theory and widely accepted knowledge of the construction and function of neural networks in the brain and is supported by eye-movement research. Information will be presented in four sections:
	1) A brief review of the two most recent popular views of reading development (the skills-based view, which includes the phonological processing hypothesis, and the whole language view) and proposed inadequacies of each;
	2) A review of the basic neurobiology required for the development and the performance of any process (including synaptic brain activation and neural networks and their relationship to attention, memory, and executive functions, as well as consideration of the significance and role of intent in constructing and/or remodeling neural networks);
	3) A new view of the development of efficient and effective passage reading ability grounded in the necessity to construct complex neural networks to guide the process and Piaget’s interactive constructivist learning theory; and
	4) Evidence for the accuracy of the new view.
	Recent Views of Reading Development
	Explanations for the cause or causes of continuing widespread reading failure tend to fall into three basic categories: 1) poor reading instruction and/or resistance by teachers to the application of evidence-based instructional practices (Smith, 1995, p. 47; Lyon, 2003b, International Dyslexia Association, 2003); 2) the failure to match appropriate interventions to the unique needs of a particular struggling reader (Shaywitz, 2003, p. 258); and 3) issues related to deficits in the student and/or challenges in his home or community environments (Chall, Jacobs & Baldwin, 1990).
	There may be a far more fundamental explanation for the continuing trend of unacceptable numbers of dysfunctional readers. The problem may not be rooted in teachers, children, or the home or school environments. The problem may be with assumptions made by reading experts about what the brain is doing when it reads.
	It is reasonable to consider that instruction based on incomplete and/or inaccurate ideas about reading could produce large numbers of children with persistent reading problems, as well as a plethora of unanswered questions about reading development. In the reading field, both conditions continue to exist. A few of the unanswered questions include:
	1) If the phonological processing hypothesis is accurate, how do some four- and five-year-olds teach themselves to read without formal schooling or benefit of explicit, systematic phonics instruction (Durkin, 1966, Stainthorp & Hughes, 1999)?
	2) If phonological processing and individual word identification are the main events of initial reading development (Foorman et al., 1991, 1998; B. Shaywitz, Pugh, Jenner, Fulbright, Fletcher, Gore, S. Shaywitz, 2000), why do some six-year-olds who excel in phonemic awareness, phonics, individual word identification, and first-grade reading fall victim to late emerging reading problems, becoming poor readers by third or fourth grade (McGuinness, 1997, p. 134)?
	3) If the ability to consciously identify the sounds of speech (phonemic awareness) is a key component of reading development, how is it possible for any individual who was born deaf to become an efficient and effecitive print communicator (reader and writer), in spite of the fact they have never heard a single sound of speech?
	4) What is the source of the “Matthew effect,” application of a biblical principle to reading development that implies that those who catch on early to reading will get better and better at it and those who do not face a continuing struggle (Walberg & Tsai, 1983; Stanovich, 2000)?
	5) Why should struggling readers with structurally healthy brains—especially hearing children who become victims to what has been called “the fourth grade slump”—have little hope of ever overcoming their reading problems after the age of nine (Lyon, 2003a; NICHD, 2002), even though many victims of brain injury recover some (and occasionally all) lost function (Nudo et al. 1997, Liepert et al. 2000, Remple et al. 2001)?
	6) Why does reading sometimes suddenly “click” for a previously struggling reader, signaling the clear and present beginning of success in reading (Flanagan Knapp, 2002)?
	Such questions are not surprising given the historical struggle by reading experts to reach consensus on the most important aspects of reading instruction (Flippo, 2001). Venezky (1987) observed of reading: “No other component of the curriculum has been subjected throughout its history to such intense controversy over both its basic methods and its content.”
	Originally termed the “Great Debate” by Chall (1967, 1989), over the past 20 years the controversy around the best way to teach beginning reading has evolved into an intense debate referred to as “the reading wars” (K. Goodman, 1998; Stanovich, 2000; Coles, 2000; Allington, 2002). For the most part, the debate is between those who advocate a skills-based approach to reading instruction, involving the decoding-oriented phonological processing hypothesis, and those who advocate reading instruction as supported by a whole-language philosophy.
	Whole Language Philosophy—Focus: The Learning Environment
	Whole language philosophy focuses largely on the learning environment that should be created for developing readers. Although the view’s two principle theorists, Ken Goodman and Frank Smith, vary somewhat in their thinking, advocates generally contend that reading ability develops naturally through exposure to authentic reading materials in an environment supportive of a desire to know how printed language is used. They propose that students learn to read through the act of reading itself (Smith, 1975; K. Goodman, 1986), and that a teacher’s fundamental role is to support, encourage and assist in such a way that children are eager to become readers (Smith, 1995). More specific to the reading act, whole language proponents promote the concept that prediction associated with understanding the text, reading for meaning, and motivation all play key roles in both reading development and passage reading, and that readers use their knowledge of language structure to analyze language (clauses and their relationship) in the process of constructing the meaning of the text (K. Goodman, 1964, 1967, 1986, 1996; Smith, 1975, 1997).
	Goodman (1968) acknowledged early on that individual word identification supports reading development (p. 15-17), but later distanced himself from the idea that reading is dependent upon graphophonic information alone. As early as 1973, he associated deviations from the text during reading with “miscues” reflective of the brain’s attempt to “make sense” of print through a process involving (1996, p. 5) “more than just sounding out or recognizing letters or words.” Goodman places the emphasis on the linguistic nature of reading and considers miscues as a “demonstration of language sophistication” that affords an opportunity to learn more about the reading process.
	Figure 1.1 presents a generalized model for the whole language view of reading.
	The Skills-Based View of Reading—Focus: Individual Words
	The National Research Council (1998) and the National Reading Panel (2000) at different times in the mid- and late 1990s were each assigned the task of evaluating empirical evidence for the purpose of determining conclusions that could be drawn about reading development and effective classroom instructional practices. Only one individual served on both committees: Sally Shaywitz, M.D., a professor of pediatrics at Yale University, neuroscientist, and active proponent of the speech-and-language view of reading development (phonological processing centers of the brain as fundamental to reading). She is associated with Yale’s Haskins Laboratories, a speech and language institute actively involved in research associated with phonology.
	The NRC (1998), NRP (2000), and Shaywitz (2003) have all concluded that reading development is best supported when it includes explicitly and systematically taught phonemic awareness, phonics, vocabulary, fluency, and comprehension. Proponents of this approach focus on phonological processing as the initial main event of reading development, with automaticity in word identification and growth in visually recognized vocabulary supporting the separate skill of fluency. Once automaticity in identifying and recognizing words is achieved, it is assumed that comprehension (the understanding of an author’s message) should follow. If it does not, then comprehension skills can be taught through appropriate strategies. In other words, phonemic awareness leads to decoding, decoding leads to word identification, automated word identification leads to fluency, and fluency leads to comprehension. Proponents of this view acknowledge that “meaning” and “motivation” are involved in reading development, but they have provided little articulation as to how or where each fits into reading’s skills-based view.
	Figure 1.2 presents a generalized model for the skills-based view of reading.
	The Current Popular View of Reading Development
	As more and more neuroimaging evidence emerged and was interpreted to support the phonological processing view of reading development (Pugh et al., 1997; Shaywitz et al., 1998; Fletcher et al., 2000), whole language increasingly became an outsider in the discussion of reading instruction (Gaffney & Anderson, 2000; Stanovich, 2000). Criticism of the philosophy appears to be fueled by three issues: 1) whole language was interpreted at the classroom level to mean different things to different teachers; 2) no concrete solutions for the elimination of reading problems were provided by whole language advocates; and 3) no neurobiological evidence existed to challenge the phonological processing view and support whole language’s constructs.
	Today, whole language advocates have limited influence in educational policy, although a number of whole language’s core principles remain widely accepted by reading practitioners and researchers. These include emphasis on reading “for meaning,” recognition that meaning is actively constructed by the reader rather than passively absorbed, and acknowledgement that authentic text is important for developing reading proficiency. The widespread valuing of a “balanced approach” (NRP 2000) to reading instruction may in part be a remnant of whole language philosophy.
	The component of reading development that may have received the most government funding in the last five years is phonological processing associated with individual word identification. Yet, phonological processing advocates have not been able to fully explain the role of meaning, prediction, and motivation in reading development, nor, like whole language proponents, have they been able to provide uniform solutions for the elimination of reading problems that persist after phonological processing issues are addressed. Shaywitz (2003) proposes that reading problems be addressed by providing struggling readers with “scientifically based” grade-level instructional interventions specific to a reader’s unique needs. In her book, Overcoming Dyslexia, she presents a lengthy but non-inclusive menu of programs and instructional materials that she deems to be appropriate interventions (pp. 261-287). Most of these programs are designed to first insure that phonemic awareness and phonics skills are mastered, even though it is acknowledged in the literature (NRP, 2000) that phonemic awareness and phonics training after age 9 do little to improve or eliminate an established reading problem.
	An examination of National Assessment of Educational Progress (NAEP) fourth grade reading scores shows that Alabama and Texas—among the first to aggressively adopt and integrate phonemic awareness and phonics-based curricula into school programs (Alabama Department of Education, 2004; Texas Education Association, 2004)—are not experiencing significant widespread improvement in early reading ability compared to scores recorded in previous years. This lack of improvement in test scores in spite of statewide curriculum reform is all the more curious when compared to consistent upward trends in math scores. Many experts in the field of mathematics instruction began to distance themselves from an individual math skills approach in favor of a constructivist approach in the early and mid-1990s (Klein, 2003). The reading field, however, did the opposite, aligning itself with the skills-based approach beginning in the late 1990s, based in part upon the phonological processing hypothesis (NRC, 1998; NRP, 2000).
	(Test scores available at http://www.nces.ed.gov/nationsreportcard)
	National NAEP tests use a different standard of measure than state-developed tests and do not always agree with the positive outlook of state results. For example, a close look at the last elementary grade level (the Class of 2011) for which national NAEP reading scores are available for Texas fourth graders shows that students taking the Texas Assessment of Knowledge and Skills (TAKS) measured impressive reading achievement each year for a period of three years. In 2004, the TEA reported that 79% of Class of 2011 students, as fifth graders, passed the reading portion of the TAKS. In 2003, the TEA reported that 86% of Class of 2011 students, then fourth graders, passed the TAKS reading test. In 2002, the state used a different less vigorous state test and the TEA reported that 81% of Class of 2011 students, then third graders, passed all areas of the state exam, including reading.
	These apparent impressive results stand in stark contrast to 2003 national NAEP results for the Texas Class of 2011. The national scores show that only 27 percent of students in the class scored at or above proficient in reading (demonstrating competency over subject matter, including application to real-world situations). The dichotomy implies that Texas has not developed a test that is consistent with national testing standards—the recognized “report card” for measuring progress in education goals for more than a decade.
	Strategies for reading reform and related testing in the State of Texas are firmly grounded in the phonological processing hypothesis. To date, the strongest evidence to support the hypothesis has come from fMRI and PET scan evidence oriented to individual word identification. Through functional neuroimaging, numerous researchers have isolated differences in the neural activation patterns of good readers and poor readers to only a few regions of the brain (Rumsey et al., 1992; 1997, Rumsey et al., 1994, Shaywitz 1998, Gross-Glenn et al., 1991, Rumsey et al., 1992; Shaywitz, 1998, Horwitz, Rumsey, and Donohue, 1998). It has been assumed that the associated researchers found a “phonological processing” or decoding system of the brain, even though the brain regions identified are common to any form of language processing.
	The three brain regions for this system are commonly identified to include: 1) a posterior section of the left inferior frontal gyrus, identified as “articulating particles of sound,” comprising the smallest components of speech (phonemes); 2) the left parieto-temporal system proposed to link letters to appropriate sounds, with repetitive and correct decoding leading to “word forms” (an exact neural model created for every word reflecting the word’s spelling, pronunciation, and meaning); and 3) the left occipito-temporal region, the location where “word forms” are proposed to be stored. The latter region is located toward the back of the brain and believed to automate the recognition of individual words.
	In such neuroimaging studies, the subjects typically “read” words from word lists, not sentences or passages of text. Early articulation by Shaywitz (1996) demonstrates the assumption that identifying words from word lists is equivalent to “reading”:
	fMRI allows scientists to identify and isolate those brain regions activated while a child actually reads a word [Italics added.]
	Recent neuroimaging studies challenge the assumption that individual word naming is equivalent to passage reading or that passage reading is dependent upon sequential identification of each word. Using PET scans, which characteristically have less resolution than fMRI, Price, Winterburn, Giraud, Moor, and Noppeney (2003) documented little difference in brain activation between auditory word repetition (repeating a word heard) and reading words from a word list, auditory word repetition and the naming of sounds (i.e. identifying the sound of a dog’s bark), and picture or object naming and reading words from a word list. The reality that there is little difference in brain activation among these disparate acts calls into question the assumption that the three brain regions activated similarly for object naming, sound naming, and word naming are doing anything more than performing some kind of language and/or recognition function. In its abstract, the London team concluded: “…there is no current evidence for cortical sites dedicated to visual or auditory word form processing.” In the summary and conclusions, the team notes: “…any previous claims regarding the cortical localization [sic] of visual and auditory word form areas were premature.”
	Prior to the publication of Price et al.’s dismissive study, Price & Develin (2003) cited the following evidence from published literature that passage reading could not be associated with a proposed “word form area”:
	Reading specific activation arises from unique interactions between visual and language regions that are each involved in many different functions. This proposal is consistent with the notion of parallel distributed processing (Rumelhart and McClelland, 1986) and the claim that our knowledge of familiar letter combinations arises from interactions between orthographic, semantic, and phonological processing without explicit word form representations (Plaut et al., 1996; Seidenberg and McClelland, 1989). Indeed, it is highly unlikely that a reading specific brain region would have developed in the human brain: From an evolutionary perspective, reading is a very recent skill; from a developmental perspective, it should be noted that reading can still be mastered in adulthood after the brain has fully matured.
	Research published by Keller et al. (2001) and Vandenberghe et al. (2002) also challenges the idea that the three regions of the brain previously associated with individual word identification are responsible for reading passages of text. From Keller et al.: “…results suggest that many processes in sentence comprehension involve multiple brain regions, and that many brain regions contribute to more than one comprehension process.” From Vandenberghe et al.: “Left anterior (front) temporal cortex responds to sentences more strongly than to unconnected words.” Since the “word form area” identified by Shaywitz and others is located in the back of the brain, this finding from Vandenberghe provides evidence that sentence reading and individual word identification require activation in different brain regions.
	Conclusions drawn from functional neuroimaging research oriented to individual word recognition appear to rest on an assumption that word identification and sentence reading are the same cognitive act. This must be carefully considered. If the assumption is inaccurate, progress in the understanding of reading development would be hindered.
	Phonological processing advocates acknowledge that causing the brains of struggling readers to function more like those of excellent readers in so-called phonological processing areas does not, by itself, eliminate a reading problem. Brief qualifying statements such as this one by Stanford Professor John Gabrieli in the Feb. 25, 2003 Stanford Report referencing a study by Temple et al. (2003), appear in the literature (Trei, 2003):
	It is likely that the children will continue to need considerable help in reading, Gabrieli said. ‘This is not a one-shot vaccine,’ he said. ‘But it makes them much more prepared to take advantage of a regular curriculum to read successfully and do well.’
	A scholar in the history of science, Thomas Kuhn (1996, pp. 5 & 152), has said that scientific research is “a strenuous and devoted attempt to force nature into the conceptual boxes supplied by professional education.” The conceptual box that has viewed phonics—or pulling apart printed words, analyzing their parts, and then connecting the parts to corresponding sounds—as the foundation for initial reading development is not new. It is more than 100 years old (Mathews, 1966). The new focus on the necessity for phonemic awareness and “fixing” a brain that appears to struggle to differentiate sounds could be construed as an attempt to solve the persistent 100-year-old problem with the reading-as-phonetic-decoding paradigm.
	When competence in phonetic decoding fails to result in an excellent reader, the blame is frequently placed on poor student monitoring by teachers and a failure to provide appropriate interventions. McGuinness (1997, p. 134) offers a classic example in the case of a young girl labeled “Alice”
	Alice was a subject in one of our research projects. At the age of six, she scored at the top of almost every test we gave. Her vocabulary score placed her in the highly gifted range with a score of 140 (comparable to a 140 Verbal IQ). She was the only child we tested to score 100 percent on the LAC test of phoneme awareness. Her verbal and visual memory were excellent. Her reading scores placed her a full year ahead for her age. By third grade, Alice was the second worst reader in two third-grade classrooms and was making no further progress. I also discovered that she got 100 percent correct on spelling tests on words she could not read… Since working with Alice, we have seen many “Alices” in our clinical research. [italics added]
	McGuinness describes Alice as exceptionally bright and proposes that her third-grade reading failure was caused by three issues: 1) over-reliance on whole word guesses, 2) attempts to sound out chunks of words rather than using a letter-by-letter strategy, and 3) poor monitoring of Alice’s progress by classroom teachers.
	Stephen Jay Gould (1983) said: “Facts are the world’s data. Theories are structures of ideas that explain and interpret facts.” In the case of Alice, McGuinness offers an explanation for the fact of Alice’s declining reading skills. But there is at least one other plausible explanation for Alice’s subsequent reading failure: What a child or adult needs in order to read complex passages of text with excellence is something other than decoding skills.
	In first grade, Alice was taught to be an excellent decoder within the framework of a decoding-oriented curriculum. As an exceptional decoder, Alice had no difficulty with conceptually simple text characterized by short sentences and words with one or two syllables. Under these conditions, the capacity limitations of short-term or working memory—seven bits of information, plus or minus two (Miller, 1956)—posed little constraint on understanding the text through decoding. In second and third grades, however, text becomes increasingly more complex. The capacity limitations of Alice’s working memory probably created a situation in which decoding every word ceased to be a viable strategy.
	As text increased in complexity, the neural network Alice built to guide reading through a process of decoding failed to help her read and understand text efficiently. It may have been a little like sinking into quick sand: The more Alice struggled to decode every word, the more she failed to produce reading that made sense. Such an experience would have created a state that Piaget (1985) refers to as “disequilibrium.” Piaget cautions that unresolved disequilibrium can lead to extreme frustration and, if left unaddressed, subconscious abandonment. In this view, Alice’s brain may have abandoned decoding when it ceased to be an effective method of reading, leaving her with little else to support the act of reading, thereby rendering her one of the poorest readers in two classes.
	Recent evidence suggests that “abandonment” may be as much neurobiological as psychological. In neuroanatomical studies conducted byVyas et al. (2002), it was found that neurons cease to function in a manner that supports efficient learning and memory when they are under certain types of chronic stress. More specifically, certain types of stress induce “dendritic atrophy and debranching.”
	Many reading researchers, like McGuinness, appear to have assumed that individual word identification and passage reading are the same or directly relevant, with individual word identification a mandatory precursor to reading development and the foundation for passage reading and comprehension. If the assumption is not accurate, then early reading ability built on a child’s subconscious assumption of decoding and individual word identification as reading’s fundamental act has the potential to interfere with the discovery of more efficient and effective reading strategies.
	Decoding and individual word identification strategies actually may be primitive compared to the complex strategies used by excellent readers. Many reading authorities have for years acknowledged that passage reading is complex, but many fall back on the significance of individual word identification as a necessary and foundational precursor to reading passages of text. Adams (1990) typified this dichotomy when she wrote (p. 3):
	Skillful reading is not a unitary skill. It is a whole complex system of skills and knowledge. Within this system, the knowledge and activities involved in visually recognizing individual printed words are useless in and of themselves. They are valuable and, in a strong sense, possible only as they are guided and received by complementary knowledge and activities of language comprehension. On the other hand, unless the processes involved in individual word recognition operate properly, nothing else in the system can either.
	It is proposed that decoding constitutes a simplistic and reflexive linear model for beginning reading development. Instruction based on this simplistic model may prevent children like Alice from exploring more complex hidden mechanisms for the passage reading process. When decoding ceases to be effective—and it will cease to be effective as more linguistically complex text is encountered—children who do not discover for themselves a more efficient and effective system to support passage reading are at risk of lapsing into a state of disequilibrium and becoming among the poorest of readers, victims of the so-called late emerging reading problems associated with the “fourth grade slump.”
	The Brain’s “Hidden Mechanisms”: Neural Networks and Executive Function
	An eminent scholar in the field of psychology, Lev S. Vygotsky (1978) believed human development to be far more complex than any linear model could ever capture. He rejected the view that learning itself is a sort of linear conditioning. He is quoted as saying (p. 122):
	The psychologist’s most vital challenge is that of uncovering and bringing to light the hidden mechanisms underlying complex human psychology. Though the behaviorist method is objective and adequate to the study of simple reflexive acts, it clearly fails when applied to the study of complex psychological processes.
	Since passage reading involves thought and cognition, then consideration of it as a complex psychological process is warranted. As such, the “hidden mechanisms” associated with passage reading would have to be explored and understood before children could be systematically and intentionally guided away from or out of the traps that might otherwise thwart reading.
	Passage reading is a process requiring the construction of complex neural circuitry (neural networks) designed specifically for guiding the complex act. Any discussion of passage reading, therefore, warrants discussion of the three components of process-oriented or procedural learning: 1) neuronal and synaptic activity (Hebb, 1949); 2) the formation of neural networks (Bain, 1873; James, 1890, pp. 563-566); and 3) executive functions that plan, control, and coordinate implicit (sub-conscious) neural activity required to make the process happen (Baddeley, 1987).
	A contemporary neuroscientist, LeDoux (2002) provides a concise summary of the implicit activity involved in brain functioning. Each neuron in the brain has two different types of nerve fibers—axons, which emit a signal, and dendrites, which receive a signal. These neurons communicate by passing information via thousands of chemical/electrical transmissions (neural firing) at the gap or synapse between an axon of one neuron and the dendrite of another. This passing of information through synapses makes it possible for our brains to access chemically and electrically-encoded information stored throughout the brain (Schacter & Graf 1986) as explicit memory (declarative and episodic/existing above the level of consciousness) and implicit memory (non-declarative and procedural/existing below the level of consciousness).
	It is possible to learn to ride a bike because neuronal cells communicate with one another as executive functions plan, control, and coordinate all aspects of bicycle riding—visual processing, proprioceptive muscle-movement to achieve balance, gross motor skills, fine motor skills, etc. Through repetition and a pruning process, repetitive neural firing patterns form a semi-permanent neural network that ultimately guides appropriate brain activity every time we want to perform the act of riding a bike. The same implicit procedural learning applies to the performance of any other process.
	Laughlin & Sejnowski (2003) point out: “Brains perform with remarkable efficiency, are capable of prodigious computation, and are marvels of communication. …It should come as no surprise that brains have evolved to operate efficiently.”
	What is known about the formation of neural networks to guide processes is highly compatible to Inhelder & Piaget’s (1964) view of interactive constructivism—or “learning” that is constructed through repeated interaction with the environment. Piaget provides this example of the interactive process (p. 74):
	… [a baby] tries to grasp a hanging object but only hits it without getting his hand around it. What results is interesting to the infant, and he tries to make it happen again by means of reproductive assimilation involving a series of regulations and corrections that continues until the ability to perform the act becomes stable.
	The reproductive assimilation described by Piaget translates to neural firing patterns repeated over and over again, but with continuous implicit modifications, as the brain constructs semi-permanent neural circuitry to guide the baby’s grasping process. To make this happen, the brain must:
	1)  Have an accurate understanding of what it is trying to achieve; i.e., What is the end result of the process?
	2)  Make a first attempt to achieve the desired result; i.e., How might the process be accomplished?
	3)  Implicitly analyze the result of the attempt; i.e., Did I achieve the intended end result?
	4)  Implicitly formulate a prediction about how the initial attempt might be changed so the desired end result is more likely to occur.
	5)  Make a new attempt.
	6)  Continue to use this cyclical, implicit, predictive strategy until the process is “figured out.” At this point, the neural circuitry to guide the process will have been constructed.
	Neural networks formed through implicit operation of a cyclical predictive strategy to figure out the targeted process may be the same as what is now defined in some scientific circles as “computing anticipatory systems” (Dubois, 1998; Lavigne & Denis, 2002). Neural networks are semi-permanent rather than permanent because they can be changed (Laughlin & Sejnowski, 2003). Injury or disease can disrupt the neural networks, as can any change that initiates alternative, sustained neural firing. Schwartz & Begley (2002) point out that neural circuitry can be changed intentionally through a process of applying “mental force”—or forced alterations in how the process is performed that lead to remodeling of neural networks.
	Neural networks are the physical representations of learning (Lynch & Baudry, 1984). All explicit knowledge we acquire (declarative memory) and all skills we learn (procedural memory) involve the encoding of information and implicit construction of neural circuitry. According to LeDoux: “Synaptic processes allow cooperative interactions to take place between the various brain systems that are involved in particular states and experiences, and for those interactions to be linked over time.”
	These cooperative neural interactions require planning, controlling, and coordinating. This component of brain activity has been labeled the executive function and/or the “central executive” (Baddeley & Hitch, 1974). Once associated with frontal brain functions but now associated with broader brain activity (Godefroy, 2003), executive functions have been described as explicit control processes (Denckla, 1996) commonly associated with task analysis, strategy selection, and strategy monitoring that result in the selection of new strategies or revisions to current ones as required (Borkowski & Burke, 1996). LeDoux (2002) adds resource allocation, memory retrieval, and conflict resolution to the lists of tasks relegated to executive function and points out that the brain uses executive functions implicitly, or below the level of consciousness, as a routine part of information processing.
	Citing Shallice (1988) and Johnson-Laird (1988), LeDoux likens the role of implicit executive functioning to the complex interactions of computer hardware and software:
	The computer operating system is responsible for controlling the flow of information processing, moving information from permanent memory (ROM) to a central processing unit with active memory (RAM), scheduling tasks to be performed using the active memory, and so on. Similarly, executive functions are involved in the constant updating of temporary memory, selecting which specialized systems to work with (pay attention to) at the moment, and then moving relative information into the workspace from long-term storage by retrieving specific memories or activating schemata pertinent to the immediate situation. Through executive functions, specialized systems are also directed to attend to certain specific stimuli and to ignore others, depending upon what working memory is working on.
	All of this—the construction of neural networks to guide processes and the role of executive functioning to plan, coordinate, and control any kind of process-oriented brain functioning—has significant implications for passage reading. If passage reading is a separate biological process from that of individual word identification, then passage reading would involve implicit procedural learning unique to the passage reading process. Additionally, if it is correct that the human brain is designed to perform efficiently, then the subconscious human brain would seek the most efficient and effective means to achieve the passage reading process—and this would not necessarily include decoding and individual word identification, if more efficient means are available.
	For passage reading, it is proposed that executive functioning enables a reader to construct a passage’s meaning through the planning, controlling, and coordinating of all of the brain systems that are relevant to the process. The brain systems available to support the passage reading process include but are not limited to: accumulated knowledge of language and how it works (i.e., semantics, syntax, graphophonics), declarative and episodic memories pertaining to the subject at hand, anticipatory computing systems (a predictive strategy involving confirmation and/or rejection of discoveries made by the brain), visual processing, attention control, working memory, and, where oral reading is concerned, a system for talking.
	For passage reading, executive functions must direct the brain in anticipating and/or predicting how to integrate all of these systems to achieve comprehension of an author’s intended message. Support for this view can be found in the field of mathematics from research conducted by Bull & Scerif (2001), who observed a direct correlation between aspects of executive functioning ability and mathematics performance. From p. 284 of Bull & Scerif:
	Results from the WCST [Wisconsin Card Sorting Task] clearly show the main difficulty for children of lower mathematical ability is with inhibiting a learned strategy and switching to a new strategy. …The difficulty only becomes apparent once an established strategy must be inhibited in favor of a new strategy.
	“Switching” is nearly synonymous with the use of neural networks and executive functioning. Executive functions are responsible for the cognitive actions of analysis, strategy selection, and access to memory. A brain led to believe that individual skills in of themselves are sufficient for problem solving will have limited cognitive ability because the brain will construct neural circuitry to use executive functions only for the performance of the linear process at hand, rather than constructing neural circuitry designed to use executive functions to regulate brain activity and seek the most efficient strategies to solve more complex problems. “Switching” in this context, therefore, relates to executive functions designed to regulate brain activity and help brains solve complex cognitive puzzles through the most efficient means.
	It is proposed that efficient passage reading requires the expeditious location of relevant information wherever that information is stored in the brain, thus requiring instantaneous, implicit, and imperceptible “switching” among various strategies and brain systems. The reader who continues to use decoding and/or individual word identification as the primary vehicle for passage reading struggles because his brain is locked into a linear, self-limiting, and inefficient strategy. Fortunately, the majority of young readers discover more efficient implicit reading strategies on their own. As evidenced by government statistics, however, millions of children and adults do not.
	Even though whole language philosophy was ineffective at helping struggling readers overcome reading problems, its founders did understand the complexities of the passage reading process. Goodman (1968) acknowledged the complexities when he said: “The reader does not merely pass his eyes over written language and receive and record a stream of visual perceptual images. He must actively bring to bear his knowledge of language, his past experience, his conceptual attainments on the processing of language information… . Reading must therefore be regarded as an interaction between the reader and written language, through which the reader attempts to reconstruct a message from the writer.” Smith (1975) reflected the subconscious, process-driven nature of reading when he said: “We are aware of what we comprehend, but not of the process that leads to comprehension.”
	A New View of Passage Reading
	This paper proposes that passage reading reflects a complex implicit process performed by the brain below the level of consciousness and that this process is not dependent upon explicit individual word identification. It also proposes that word identification and passage reading are separate cognitive events requiring the construction and activation of different neural circuitry for their performances. The identification of isolated, individual words may, indeed, as Shaywitz and other researchers hypothesize, involve several localized language centers of the brain that plan, control, and coordinate activities that result in individual word naming. It is proposed, however, as Price et al. (2003) have suggested, that these brain systems are associated with a language-related naming function rather than a more cognitively complex system of the brain associated with passage reading.
	Very young children who teach themselves to read without explicit instruction in phonemic awareness, phonics, decoding strategies, or individual word recognition provide evidence that passage reading is a different type of implicit process. In the late 1950s and early 1960s, Columbia University/University of Illinois researcher Dolores Durkin (1966) studied more than 200 Oakland, California, and New York City school children who started school reading proficiently. Durkin found a broad range of IQs—from 82 to 170—and ultimately found that self-taught early readers figured out the reading process on their own, without benefit of systematic reading assistance of any kind. More recently, Stainthorp & Hughes (1999), who also considered such children, have noted that it has yet to be determined how early readers acquire and apply phonemic awareness and the more complex system of phonics to reading when they have never received explicit instruction in either.
	Durkin’s findings are consistent with current recommendations that very young children be exposed to rich verbal and print language experiences. Fletcher & Lyon (1998) reflected this understanding when they wrote:
	A massive effort needs to be undertaken to inform parents, and the educational and medical communities, of the need to involve children in reading from the first days of life; to engage children in playing with language through nursery rhymes, storybooks, and writing activities; and, as early as possible, to bring to children the wonder and joy that can be derived from reading. Parents must be aware of the importance of vocabulary development and verbal interactions with their youngsters for enhancing grammar, syntax, and verbal reasoning. In addition, preschool children should be encouraged to learn the letters of the alphabet…
	It is proposed that it is possible for some four- and five-year-olds to figure out the reading process on their own when they interact in such a reading environment because they use a subconscious predictive process of experimentation to figure out all of the implicit aspects required for passage reading—just as they used implicit predictive experimentation to figure out grasping, talking, walking, and thousands of other processes that caused them to become high-functioning beings. For passage reading, they implicitly understand that the goal is to figure out how to construct meaning from text—not to decode or identify each individual word. They do not abandon their goal until they achieve success.
	It is further proposed that the few individuals who are deaf from birth and become excellent print communicators (readers and writers) do so because they use the same implicit system of predictive experimentation to figure out how to construct meaning from printed language. Somewhere along the way, they figure out that print communication is about the meaning that print is intended to convey, not about the identification of individual words. This could explain why authentic early communication experiences in which signed language is integrated with print language are demonstrating effectiveness in deaf children’s reading programs (Schleper, 2002). Historically, the focus of reading programs for the deaf has been on individual words. Perhaps not so ironically, the average reading level of deaf children is third or fourth grade (Bowe, 1991)—the same level as hearing children who encounter the “fourth grade slump.”
	Piaget (1950) defined the basic model for the construction of implicit and explicit knowledge as “interactive constructivism,” reflecting the dynamic interchange between the internal neural structures being built and the external environment being operated upon. In the presence of strong intent to figure out a process and with an accurate concept of the desired end result, a child interacts with the environment through explorative and predictive cognitive activities wholly devoted to figuring out how to achieve the desired end result.
	The Interactive Constructivist View—Focus: Passage Reading
	In Rumelhart’s view of schemata (1977 & 1980), he suggests that all aspects of knowledge are stored as units and these units must interact. He does not, however, provide a model for passage reading that explains what the brain must do to construct neural systems to guide the process of highly efficient and effective interactions. Synthesis of Piaget’s interactive constructivism and what is known today about cognition, procedural learning, and the formation of neural networks provides this “macro-system” model.
	The interactive constructivist view of reading reflects the assumption that passage reading occurs through the implicit operation (Hebb, 1966; Lynch, 1986; Allman, 1989; Johnson, 1992; LeDoux, 2002) of a macro-system designed to perform the executive functions (Baddeley, 1987) required for the reader to reconstruct the author’s intended meaning. Intent—or the will of an individual (Schwartz & Begley, 2002)—initiates the neurobiological processes that employ executive functions to construct the macro-system. An individual’s level of intent to figure out the complex, primarily implicit process can be heavily influenced—either negatively or positively—by emotional state. Thus, emotional state is an important factor in reading development. Figure 1.3 presents a model for the interactive constructivist view of the passage reading process.
	Where reading is concerned, executive functions are probably used in at least two distinct ways by the brain. In reading development, executive functions guide the process of constructing the macro-system of neural circuitry that ultimately enables the act of reading. In other words, executive functions drive the process of learning how to read. Once the macro-system for passage reading is constructed, the reader accesses the macro-system to “operate” on the text, implicitly employing executive functions to plan, control, and coordinate the synthesis of knowledge and brain systems required to cause reading material to make sense. In this way, executive functions also drive the process of reading. In this view, the following systems of the brain and aspects of cognition represent individual micro-systems: everything the brain has already figured out and stored as knowledge relative to language, visual processing, attention control, the use of working memory, declarative and episodic knowledge, systems for eliciting predictions relative to the meaning of a printed message, systems to select language reflecting the predicted meaning of the message, and systems for confirmation or rejection of the predictions. If oral reading is involved, the brain also activates a system for oral speech. (For brief descriptions, see Figure 1.3.)
	None of these systems is more important than any other, nor does any system take precedence over the other. Each is guided in whatever manner necessary, in the process of using the systems most efficiently, to understand the author’s intended message.
	The engine that makes passage reading possible for humans is the anticipatory system or predictive strategy, or the brain’s inherent ability to locate and integrate information relevant to what is being read wherever it is stored. It is proposed that the use of a predictive strategy is as relevant to the passage reading process as it is to any other form of learning. Rumbaugh & Washburn (1996, pp. 200-201) define learning as “…establishing and preserving predictive relationships for future use.” They write:
	Even within its first few months of life, the infant primate and/or human begins to learn predictive relationships. Relationships that are very high in validity and reliability and in ecological relevance can be learned very quickly. Such learning is profoundly facilitated if the organism has a complex brain that has been optimally and appropriately developed from birth, if not before. Predictive relationships in accordance with the biologically afforded sensitivities are more readily learned than arbitrary relationships. Predictive relationships can be learned by observations…” [italics added].
	Rumbaugh & Washburn’s “complex brain that has been optimally and appropriately developed from birth” cited earlier may be reflective of Hebb’s (1949) observation that synaptic activity strengthens in a rich environment. Durkin’s self-taught readers were raised in “rich environments”: ready access to books, information about the alphabet, and answers to their questions and/or the fulfillment of requests made as they worked to figure out the reading process. Each of these resources would have supported Durkin’s young readers in their self-driven processes of forming predictive relationships between what they already knew (implicitly and explicitly) and how the process of understanding an author’s intended message might work. As such relationships are discovered, they are chemically and/or electrically encoded into the brain, forming over time the macro-system that will eventually guide the process of appropriate and timely integration of all of the micro-systems necessary for effective passage reading.
	Self-taught readers figure out that meaning must drive the reading process. Pinker (1997, p. 105-106) unintentionally alludes to the brain’s implicit use of meaning when he writes about the complexities of accurately interpreting oral language:
	…if one speech sound can be interpreted as either send or sinned, and another as either pen or pin, I can resolve the uncertainties if I hear one speaker utter both words with the same vowel sound. He must have intended send and pen, I would reason, because send a pen is the only guess that does not violate some constraint. Sinned and pin would give me sinned a pin, which violates the rules of grammar and plausible meaning… [underline added].
	In this example, Pinker inadvertently demonstrates why individual word identification and passage reading cannot be considered equivalent activities. Though referring to spoken language in the example, he demonstrates the use of a different cognitive strategy to figure out an “author’s” intended meaning. He demonstrates the act of reasoning—or, more accurately, predicting—in order to figure out the speaker’s intended message.
	In passage reading, the relationship between what a reader already knows and the message an author intends to convey must be anticipated. Establishing this predictive relationship is the basis and foundation of comprehension. The predictive strategy, therefore, emanates from and is grounded in all of the reader’s relevant knowledge, both implicit and explicit. If such grounding does not occur, “making sense” is impossible. That’s why any reader would struggle to comprehend a book on nuclear physics if he knows little to nothing about physics. The inability to predict relationships between information already known and the author’s intended message would make it virtually impossible for the reader to reconstruct a plausible meaning.
	A sense of the predictive strategy employed by excellent readers can be readily experienced. Read the following sentence:
	The old woman lives in a ________.
	Most excellent readers, rather than saying to themselves, “The old woman lives in a blank,” will naturally, without conscious thought, put a word in the blank: “The old woman lives in a shoe” or “The old woman lives in a house” or, for those who live in London, “The old woman lives in a flat.” The excellent reader will anticipate, or predict, a logical association grounded in memory before the conscious brain even gets to the blank and will select a word to represent the predicted meaning (see the “micro-system for language selection” in Figure 1.3).
	The following more complex example used by Dooling & Lachman (1971) demonstrates the reality that comprehension depends upon an appropriate predictive strategy.
	With hocked gems financing him
	Our hero bravely defied all scornful laughter
	That tried to prevent his scheme
	Your eyes deceive he had said
	An egg not a table correctly typifies this unexplored planet
	Forcing along sometimes through calm vastness
	Yet more often over turbulent peaks and valleys
	Days become weeks
	As many doubters spread fearful rumors about the edge
	At last from somewhere welcome winged creatures appeared
	Signifying momentous success
	Most excellent readers tend to struggle with this text. At first, they can typically ground this passage in their understanding of “hocked gems” or “financing” and anticipate that, if they keep reading, the meaning will become clear. As excellent readers progress into the passage, however, the meaning becomes less and less clear. Because the use of a predictive strategy becomes less tenable, the brain must focus on identifying individual words or phrases rather than predicting the author’s intended message. Under these conditions, the brain must rely on the external information (the print, characterized by the sequential phonetic array) rather than the internal predictive processes that are naturally and wonderfully driven by the brain’s need to construct meaning. As a result, reading slows, comprehension progressively deteriorates, and many readers become overwhelmed and frustrated.
	Two additional words alleviate the frustration and make comprehension possible. Read the passage again with the words “Christopher Columbus” in mind. Knowledge associated with the name Christopher Columbus enables readers to ground the passage in a predictive strategy, causing the passage to be easier to read.
	Children who under-utilize an implicit predictive strategy for reading will experience the same difficulty in comprehension that most excellent readers experience on the first read of the Christopher Columbus passage. Fixating on every individual word is restrictive. Reading becomes choppy and laborious. It forces the subconscious brain to work too hard, trying to link individual words to other individual words to make sense of text. Nearly five decades ago, Miller (1956) found that short-term or working memory typically can process only seven bits of information (plus or minus two) at a time. The phonetic decoding of just two or three words, depending upon their length and complexity, can easily comprise seven bits of information. Even if recognition of whole words is used as the dominant reading strategy, sentences longer than seven words will stretch the limits of short-term memory.
	Learning to use a predictive strategy for passage reading overcomes the limitations of working memory by linking knowledge and ideas in the reader’s brain to ideas expressed by an author. Making a connection with ideas subsumes dozens of words. Ideas do not reside in individual words. They reside in a reader’s accumulated knowledge and understanding of the world.
	In the interactive constructivist view of passage reading, the significance of meaning to the complex reading process is far greater than has been previously proposed. Excellent readers do not read “for meaning” or to gain meaning. Rather, they read “from meaning.” From the moment they begin to read, their brains seek to ground what they are reading in stored knowledge so they can anticipate the message. Using this predictive strategy creates linkages between an excellent reader’s own stored knowledge and an author’s intended message and causes the printed message to make sense. Through this interactive, constructive process, excellent readers construct meaning and confirm and expand their knowledge.
	The Alphabet in Passage Reading
	If excellent readers do not use the alphabet for decoding or word recognition, how do they use it? The brain that reads from meaning efficiently searches for discrete, specific alphabetic information that, when integrated with the meaning under construction, elicits, confirms, or rejects predictions as to an author’s intended message. The brain would cause the eyes to work with optimal efficiency, looking where they needed to at any given moment to get the exact information required. Such information might come from the beginning, middle and/or end of key words. Alphabetic information not essential to eliciting, confirming, or rejecting predictions of meaning would be ignored, so some words might be skimmed over without a glance..Through efficient graphophonic sampling guided by predictive anticipation, silent or oral reading would be characterized by a steady flow of language, rather than a labored word-by-word recitation.
	Evidence from eye fixation studies supports this proposition. Rather than the beginning of a word, O’Regan (1981) and O’Regan et al, (1984) concluded that visual fixation falls just left of center for longer words. Such a fixation pattern would allow the brain to gather a wider array of graphophonic information from a single fixation. For words that are five to eleven letters long, they found that fixation falls, respectively, at the third or fifth letter. In a more recent study, Stevens & Grainger (2003) confirmed this finding and noted the following: “The present study provides further evidence in favor of a coding scheme for letter-in-string position that uses relative, rather than absolute, position in the string.” [italics added]
	Novice readers who are guided to focus on sequential left-to-right phonetic decoding to identify individual words are put in the position of having to figure out for themselves that using graphophonic sampling in the process of anticipating an author’s message (combining discrete, specific alphabetic information with the meaning under construction to assist in eliciting, confirming, and/or rejecting predictions) is a more efficient passage reading strategy. Some children will figure it out, some won’t. Those who don’t are at risk of becoming poor readers as text complexity increases and more demands are placed on working memory.
	Graphophonic sampling can be seen in the following example, in which the reader’s brain notes the letters g-b-l. From that information, the reader erroneously predicts “gobble,” but the word does not fit the context.
	Reader reads: Gobble warming may cause the Earth’s temperature to rise.
	Reader analyzes: That doesn’t make sense. What would?
	Reader re-reads: Global warming may cause the Earth’s temperature to rise.
	In the example, the reader initially used a poor reading strategy—using alphabetic information to predict a word without using a forward-oriented sampling strategy to enable grounding of the prediction in the meaning or knowledge of the world that resides in the head of the reader. The reader then recovered by rejecting the erroneous word prediction and returning to a criterion of meaning. Even though the second prediction is correct, this reader has a reading problem. Until he figures out how to focus the initial implicit reading strategy on prediction emanating from  stored knowledge and supported by appropriate graphophonic sampling, he will continue to struggle with reading. This could explain why instruction in phonemic awareness and phonics has been documented to have little benefit for older children once their reading problems are well-established (NRP 2000).
	In the next example, the original intent of the paragraph was reportedly to see how quickly a message of interest would circulate on the Internet. Though unintended, the scrambled text creates an excellent example of how the brain anticipates meaning, combined with minimal specific graphophonic information, to construct a sensible message.
	Aoccdrnig to rseearch, it deosn't mttaer in waht oredr the ltteers in a wrod are prseetend. The olny iprmoatnt tihng is taht frist and lsat ltteres are at the rghit pclae. The rset can be a toatl mses and you can sitll raed it wouthit a porbelm.
	In this example, neither linear “decoding” nor matching the text to “word forms” stored in a “word form area” of the brain can be the strategy used to figure out the text. Any word longer than three letters in this paragraph does not match any word in the English language. The fact that this paragraph can be read at all provides strong evidence that passage reading involves radically different and more complex neural processing systems and strategies than the linear phonological processing model currently in vogue.
	Finally, the alphabet at work in service to a predictive strategy can be seen in this example from the first activity introduced. Observe what happens when just one letter is added:
	The old woman lives in a h  _.
	Now, shoe and flat no longer work. The reader settles on, “The old woman lives in a house.” As long as the sentence continues to make sense in the context of subsequent sentences, the reader may move on without considering more alphabetic clues. If, however, the reader is uncertain about her prediction, she will choose to integrate more alphabetic information to reduce the uncertainty:
	The old woman lives in a h t.
	As the brain integrates this additional alphabetic information, it must reject the previously anticipated meaning and make a new prediction about the author’s intended message. Grounding the prediction in knowledge of human dwellings, the excellent reader will now probably predict that the sentence reads: The old woman lives in a hut. No other predictions readily make sense. Subsequent sentences will confirm the prediction:
	The old woman lives in a hut. Her home is in a small village in Africa.
	Additional research into eye movements by excellent readers during the process of passage reading further supports the proposition that the brain samples visual information in the process of reading and does not fixate on each word. Paulson & Freeman (2003) assessed numerous studies on eye movements during the process of passage reading and came to conclusions different from those derived by Liberman & Liberman (1992, p. 352), cited by phonological processing advocates as claiming that good readers read every word on a page. Paulson & Freeman cite Fisher & Shebilske (1985, p. 149), Just & Carpenter (1987, p. 37), Hogaboam (1983, p. 315), and Rayner (1997, p. 319) in their conclusion that excellent readers fixate on roughly 60 to 65 percent of the words presented in text. Additionally, Paulson & Freeman (2003, p. 12) cite a doctoral dissertation by Duckett that found a higher rate of fixations in younger developing readers—80 percent—leading them to conclude that the less literacy experience a reader has, “the more fixations the reader makes during reading—but still without fixating on every word.”
	Why would the brain fail to fixate on every individual word during the process of passage reading? Because a brain oriented to efficiency would not have to fixate on every word if it can anticipate the author’s intended message through a process of sampling.
	As Goodman and Smith have both suggested, the essence of the reading process is to “make sense” of text. The reader can only do this through the use of a predictive strategy, which is the only way to establish a relationship between the meaning a reader brings to the text and the meaning an author intends to communicate. Establishing such a relationship constitutes the very definition of “making sense.”
	In Overcoming Dyslexia (2003), Shaywitz notes that one of the most effective strategies for working with dyslexic students is “reader’s theater,” in which students gained one full grade level of improvement with just 10 weeks of reader’s theater training. In the skills-based view, the improvement is explained as resulting from increased fluency (improved word automation and retrieval).
	In the interactive constructivist view, however, the improvement is explained as follows:  For reader’s theater, the brain is held strictly accountable to produce excellent oral reading. In the quest to produce flawless oral reading, the brain must figure out how to efficiently and effectively integrate the external information (print on the page) with all of the internal neural resources. This would require the brain to figure out how to operate the macro-system more efficiently—from the efficacy of executive functioning all the way to how the brain uses the alphabet most efficiently. The objective of reader’s theater, therefore, is more in line with what a brain requires to read passages of text efficiently and effectively than the objective of individual word identification.
	Remodeling the Macro-System for Excellent Reading
	1. The student must develop a clear concept of the desired end result—excellent passage reading—and must be held accountable to achieve it.
	The brain cannot figure out the complex, implicit process of excellent passage reading if it does not have a clear and accurate concept of what it is trying to achieve. A brain that implicitly believes excellent decoding or word identification is the main event of passage reading fixates on sequential left-to-right identification of each and every word. A brain that implicitly believes that the main event of passage reading is to understand an author’s message fixates on causing reading to make sense, feel comfortable, and sound like conversational speech. All these are characteristic of excellence in passage reading. Methodology developed to adhere strictly to the interactive constructivist view would help the student internalize the concept of excellent reading and would help the student accurately judge whether he has or has not achieved excellence.
	Equipped with the goal of producing excellence and with experiential knowledge as to what that means, the student’s implicitly operating brain takes over—experimenting with implicit predictive strategies until excellence is achieved.
	Top athletes and artisans hold themselves to extremely high standards of functioning, and they implicitly learn to modify their performance to achieve excellence.
	A great deal of cognitive energy must be expended to remodel neural networks for excellent reading. Brains are highly resistant to the remodeling of existing neural networks. Emotional state can negatively or positively influence an individual’s level of intent to figure out the passage reading process. For a struggling reader, strong intent to become an excellent reader is required because intent activates the “mental force” necessary to remodel the inefficient neural circuitry.
	Students must maintain an internal locus of control (Rotter 1966), which: 1) supports strong intent to figure out the process of reading, 2) holds developing readers accountable to fully participate in the methodology, and 3) enables appropriate mental force to be focused on the task of remodeling the macro-system for reading.
	Great athletes and artisans possess unwavering intent to achieve excellence.
	The brain must have simultaneous access to all possible sources of information that might be brought to bear in figuring out reading so it is free to experiment without constraint.
	Authentic text is required so that the brain has opportunity to pick and choose whatever information it needs, at any given moment, to support excellent passage reading.
	The brain that needs to remodel its neural circuitry for reading must, without threat or impediment, experiment solely on its own. If it is misdirected to focus on explicit strategies (such as sounding out words), it may cease to use necessary interactive experiments to figure out the more complex implicit passage reading process. This is not the unstructured “psycholinguistic guessing game” referred to by Goodman (1996). This is a very specific, highly structured process similar to experimentation used in the Scientific Method.
	Top athletes and artisans utilize experimentation in authentic environments to figure out how to improve performance.
	The subconscious brain must be compelled to figure out the implicit process for passage reading.
	A student is highly unlikely to figure out the implicit aspects of excellent reading on his own once a significant or severe reading problem develops. Such a student has constructed flawed neural circuitry for the passage reading process, and the flawed neural circuitry is in total control. The solution is to create new awareness of what is and what is not excellent reading and compel the struggling reader to continuously employ implicit experimentation to figure out the process until he succeeds in creating a new macro-system constructed specifically for excellent reading. Understanding of what a brain requires for excellent passage reading and highly structured guidance that accurately reflects this understanding have the potential to transform the majority of struggling readers into excellent readers.
	Interactive constructivist methodology would expect struggling readers to have more unsuccessful experiments initially than successful ones. Failing to achieve excellence is a necessary step when figuring out the implicit process. It should be conceptualized as a positive event. The brain has the opportunity to learn as much—perhaps more—from failure as successes, providing, however, that the student holds his brain strictly accountable to ultimately achieve excellence.
	Excellent athletes and artisans drive themselves to be excellent. They hold themselves accountable to high performance standards, and they do not stop experimenting with the implicit aspects of a desired task until they succeed.
	The subconscious brain cannot be pushed into a state of abandonment.
	When an experiment fails, the brain is thrown into a “disequilibrated” state. The brain is compelled to escape from the discomfort of disequilibration and so compulsively seeks a successful experiment to “quiet itself.” If the reality of the failure cannot be consciously accepted and dealt with, the brain may move into a state of abandonment, where it refuses to experiment further.
	Abandonment is less likely to occur if the brain is appropriately challenged but not overwhelmed and if the student accepts failure as an inevitable part of the experimental process that ultimately leads to excellent reading ability.
	Interactive constructivist methodology prevents abandonment by implementing techniques that produce excellence in spite of the reading problem, causing the student to experience success.
	Top athletes and artisans simply do not give up.  They demand high performance of themselves and have experienced success, but they are also willing to accept failure and see its benefit to the attainment of success.
	At least one methodology has been developed to strictly reflect the interactive constructivist view. Reading specialists at the classroom level who have used the methodology (see “Evidence” section) have reported elimination of reading problems in 65 percent or better of adolescent students in a single school year, many of whom are English language learners or have been diagnosed as learning disabled or cognitively challenged. Of the remaining 35 percent, approximately 65 percent were reported to eliminate their reading problems within the second school year.
	The interactive constructivist view suggests several possible reasons for continuing reading failure among the small percentage (approximately 12%) of struggling adolescent readers who do not eliminate their reading problems in the first two years:
	An inability to internalize the concept of excellent reading.
	Lack of intent that could result in abandonment, including severe stress, rooted in past failure and brought on by the prospect of failing again.
	Significant processing disturbances that impede the brain from easily and comfortably accessing needed information from text, thereby creating added challenges for attention, memory, and/or executive functioning.
	Significant and rare brain damage or deformity that impairs multiple arenas of functionality.
	Significantly, instructional practices have the potential to contribute causally to the first three suggested areas. For example, the ability to internalize a concept of excellent reading can be seriously impaired when successful word identification is the goal and students are told the jerky, unnatural oral delivery typical of decoders is ‘good’ only because all the words were correctly identified. Or, any kind of instruction that diverts brain activity away from the “hidden mechanisms” required for efficient and effective passage reading to explicitly identifying words may frustrate a child and eventually lead to abandonment. And, a final example: an underlying brain-based processing disturbance, such as an undiagnosed visual processing problem, may cause the brain to be unable to easily and comfortably access graphophonic information from the text as needed. The resultant difficulties that manifest in the student’s reading ability could be misconstrued as a skill deficiency—or a problem with phonological processing (Stanovich et al., 1984; Stanovich & Siegel, 1994). The instructional response by teachers well-informed in the skills-based view of reading development typically would be to re-visit explicit, systematic phonics instruction rather than to seek interventions to address the visual and cognitive processing problem. Told that the problem is deficient decoding skills, the child’s brain would become explicitly focused on the individual identification of “words” rather than implicitly focused on how to compensate or adjust for the underlying processing problem.
	An authority in the field of cognitive science specializing in dyslexia, Ramus (2003, p. 212) notes that there are at least four major theories for dyslexia: 1) an auditory deficit (Tallal, 1980), 2) a visual perceptual dysfunction caused by a defect in the magnocellular system (Lovegrove et al., 1980; Stein, 2001), 3) a cerebellar/motor dysfunction (general sensorimotor syndrome) (Nicholson et al., 2001; Hari & Renvall, 2001; Stoodley et al., 2000), and 4) a phonological processing deficit (Liberman, 1973; Stanovich, 1988; Snowling, 2000).
	What Ramus does not suggest as one potential cause of dyslexia, however, is inappropriate instruction that does not accurately reflect what the brain must do to read passages of text efficiently and effectively. It is proposed in this paper that the majority of dyslexia is caused by misunderstandings by the reading field of what is needed by the brain to construct neural circuitry for efficient and effective passage reading. If this is correct, then a methodology designed to compel brains to remodel erroneously operating macro-systems to operate efficiently and effectively should be able to transform most struggling readers, including dyslexics, into excellent readers. The case studies presented in the next section describe such transformations. The case studies are augmented by controlled and longitudinal studies, as well as pre-test/post-test evaluation evidence, all supporting the efficacy and the replicability of the interactive constructivist intervention model.
	Evidence of the Accuracy of the Interactive Constructivist View
	Step 2: Coached Reading Component.
	The student reads out loud from unfamiliar text. Symptoms emerge because the neural network built specifically to guide the process of reading is operating inappropriately. The tutor adhering strictly to interactive constructivist methodology responds to the errors as they occur. Highly structured feedback is designed to let the student know that his current reading strategies are not producing the desired results. This creates a cognitive confrontation that contributes to a slight to moderate state of disequilibration intended to increase (but not diminish) intent to figure out the implicit process. The highly structured feedback is designed to influence experimentation in the direction of a predictive strategy while holding students accountable to a high standard of performance.
	Step 3: Independent Reading Component.
	Students create for themselves a laboratory for further experimentation to fine-tune their newly-discovered implicit reading strategies.
	 
	Average NCE Pre-Test Score
	Average NCE Post-Test Score
	Average Gain
	26.0
	34.6
	8.6
	19.3
	29.9
	10.6
	23.1
	31.3
	8.2
	Normal Curve Equivalent (NCE) Scores: Borman, Hewes, Ovverman & Brown (2003) have defined a gain of 1.9 to 3.2 NCE as “meaningful.” Read Right results for all projects during 2005 reflect NCE gain that is three times what is considered meaningful.
	
	Case studies provide further evidence of the effectiveness of methodology strictly grounded in the interactive constructivist view.
	CASE STUDY #1:  “Tom”
	In fourth grade, Tom began spending most of his school day in a resource room with special education interventions. For Grades 7 and 8, he attended the renowned Landmark School for dyslexic students. In Grade 10, he attended a public school and was provided with remedial reading instruction via the Wilson method. Tom graduated from high school reading at a second grade level.
	When Tom was 23 years of age, he began long-distance telephone tutoring with methodology strictly grounded in the interactive constructivist view. By telephone, he participated regularly in tutoring sessions twice a week, one hour per session, and eliminated his reading problem in just over two years. He was graduated from the program based upon his ability to read unfamiliar post-high school materials without errors and with natural cadence and full comprehension. He was 26 years of age at the time of graduation.
	Tom enrolled in college and attended through his junior year. He required accommodations only for residual writing and math issues. Tom reports that his writing and math issues are improving. Although he requires no support for reading, Tom’s reading speed is slower than he would like. He also reports that certain lighting conditions (usually poor quality fluorescent lights commonly used in public schools and colleges) interfere with his physical comfort and visual stability during reading.
	In March 2003, Tom’s mother reported that he had earned a 4.0 in his most recent quarter of college. Tom’s coursework during that quarter included the study of electric systems, circuits, and architecture. Additionally, without any accommodations at all, Tom had taken coursework for and passed tests on the first attempt for national emergency medical technician certification. Some of Tom’s study partners, who had not experienced learning disabilities as children and teens, failed the exam on the first attempt.
	Tom maintained a 3.3 GPA throughout college. In December 2003, he made a personal decision to leave college and start his own business. In preparation for his business, Tom has read and is reading numerous business-oriented books.
	Tom has far exceeded the expectations of medical doctors and learning specialists who evaluated him throughout his childhood and teen years. Tom and his family attribute his success to interactive constructivist methodology.
	CASE STUDY #2:  Jordan Null
	Jordan is a 19-year-old high school graduate with clinically diagnosed Down syndrome and severe developmental disabilities, including a debilitating stuttering problem. Jordan has a long history of participation in special education and after-school remedial programs, documented through school records. Beginning at age 3, he attended developmental pre-schools and later repeated kindergarten. Between second and sixth grades, Jordan participated in pull-out programs for reading and math, including continuous and intensive training via the Orton-Gillingham multi-sensory method (40 minutes a day, five days a week). His mother, Paula Null, reports that, by the end of sixth grade, her son struggled to read upper first grade/lower second grade level materials. Jordan spent seventh and eighth grades in a resource room for reading. By eleventh grade, Jordan’s reading level was determined to be in the same late first/early second grade range. Prior to enrollment in the program using interactive constructivist methodology, Mrs. Null described her son as a non-reader who resisted almost all recreational and functional reading.
	The summer before Jordan’s junior year, his mother observed that one of her son’s classmates with a severe reading problem had made tremendous progress in reading in a single school year. She inquired about the source of his progress and learned about the school’s new interactive constructivist reading program. Staff at the school had not informed Mrs. Null about the program because of concerns that it was not an appropriate match to her son’s disability. She requested that her son try the program and he was enrolled on a trial basis in October 2001.
	Tutors started Jordan in first-grade level books. In the first year, Jordan’s tutors noticed a marked decline in his stuttering during the oral reading component of the program and significant improvement in his ability to read materials efficiently. By the end of the school year, he was reading third-grade level books. In an interview in September 2002, Mrs. Null said her son had become an avid reader—reading “anything he could get his hands on.” Jordan continued the program as a senior and gained another full year in reading ability. In October 2003, Jordan was reading recreationally at a fourth- and fifth-grade level and is continuing with an interactive constructivist intervention tutor on fifth and sixth grade materials.
	In the September 2002 interview, Mrs. Null reported the following about her son’s development in the interactive constructivist intervention program:
	He has continually progressed. …He wouldn’t read the TV guide and now he picks it up, and he reads. He couldn’t do that before. Jordan is now reading independently. He got out the Driver’s Manual to the car and started reading… . He started reading parts of the church bulletin that he can understand. He never would have done that a year ago.
	In October 2003, Jordan’s interactive constructivist tutor provided the following information, with permission:
	[With Jordan] there is a speech problem, too, and we’re seeing progress in areas other than his reading. His vocabulary is growing and so is his ability to communicate with others. He is able to give longer answers to his family. He’s not giving up so easily when he is trying to communicate. For example, he was reading a story on whales to his mother and she couldn’t understand him when he said the word ‘whales.’ Jordan explained what was happening in the story and then his mother understood that he was talking about whales. Jordan is also learning how to relate things in his environment to things in stories. He is learning to link vocabulary and concepts in books to his world. This has tremendous benefit for him because it is helping him to read, but it’s also helping him to learn about things in his world. Because he can see and apply things that he is reading about—computers, Christopher Columbus, space, the ocean—Jordan is now more interested in seeking out things that are fact-based and science-based.
	Jordan’s tutor reports that little more is done for him than the basic interactive constructivist reading intervention. Additionally, even though he has not received remedial instruction in handwriting in the last two years, his tutor reports improvements in Jordan’s penmanship, as well. In the interactive constructivist view, this may be attributable to two things: Jordan’s improved subconscious understanding of how printed language works and his improved subconscious understanding of what is required to build or remodel neural circuitry to guide a process with excellence. It is possible that Jordan’s brain is applying these new understandings to improve his penmanship deficits. His tutor reports:
	He used to write me notes, and it would be kind of bunched up. Some letters would be capitals and some would be lower case. Now he can write me a note with correct capitalization and on unlined paper. It is straighter and more consistent. His writing is now easily legible.
	CASE STUDY #3:
	Ken Reinertsen & The Simpson Timber Company Adult Literacy Project
	The effectiveness of the interactive constructivist view of reading was first formally tested with adults in the early 1990s by the Simpson Timber Company, based in Shelton, Washington when the company chose interactive constructivist methodology for a pilot literacy project.
	Ken Reinertsen, age 43, was one of 20 struggling readers who volunteered for the pilot project. As a high school student, Ken was diagnosed with dyslexia by clinicians at the University of California, Los Angeles. He attended UCLA’s Fernald Reading Clinic for more than one year, where he developed labored, inefficient reading ability in a second grade range. He graduated from public high school reading at the same level.
	At the start of the project, enrolled employees read successively more difficult passages of text to establish a base-line reading level. Ken’s reading was described as “very stilted, slow, and word-by-word.” He inserted words that rendered the text meaningless, dropped endings from words, and omitted articles, causing the language produced during reading to sound awkward. The severity of Ken’s reading problem resulted in his placement in first-second grade level books to begin the program. After 60 hours of tutoring Ken was reading well enough to read his first novel, Where the Red Fern Grows by Wilson Rawls, and after a total of 99 hours of tutoring, he was reading at a post high school level with ease, comfort, and understanding. Even before completing his interactive constructivist tutoring program, he began reading management books, including The Goal, Before It’s Too Late, Zapp!, One-Minute Manager, The Art of Leadership, Total Quality Control-Japanese Style, and Better Makes Us Best.
	On a personal note, Ken stated, “After 22 years of marriage this was the first year I could give my wife an anniversary card. Before, I could not read what was on the cards.” Twelve years later, Ken reports that he is still a proficient reader and that he cannot imagine life without reading.
	The pilot literacy project was deemed a success by Simpson Timber and expanded to 17 other sites in a total of seven states: Washington, Oregon, California, Michigan, Pennsylvania, Vermont, and Texas. Between July 1993 and January 1995, dozens of tutors helped hundreds of timber workers learn to read through interactive constructivist methodology. During that period, month-by-month records on the total number of hours tutored and total number of grade levels gained were kept for the program. The information was reported by tutors from the various program sites.
	The successes of Tom, Jordan, and Ken are not atypical of improvement with methodology strictly reflecting the interactive constructivist view of reading. These three were chosen for reporting because of the documentation available as to their diagnoses and the interventions tried prior to the interactive constructivist reading intervention.
	School administrators and site coordinators employed by schools using the methodology verify its effectiveness for both elementary-age children and teens. Fonda Huneycutt is superintendent of the Forestburg Independent School District, Forestburg, Texas. Prior to becoming a school administrator, Huneycutt was a first grade classroom teacher and an elementary reading specialist. In Forestburg, the interactive constructivist reading intervention is used with second graders through high school students. Huneycutt reports that, in the program’s first four to six weeks, regular classroom teachers began to notice improved fluency among previously poor readers of all ages, and older students began to complete homework on time. As reading ability improved, school administrators noted a marked reduction in discipline referrals and parents commented on improvement in children’s behavior.
	In a letter, Huneycutt recounts the significant improvements made by some of Forestburg’s special education students:
	At the program start, Forestburg had three students who were labeled by special ed diagnosticians as ‘non-readers.’ One of these frustrated students could read very few words last January as a second grade student. At an ARD (Admission, Review, and Dismissal) meeting, staff reported that the student is reading at a 2.7 grade level as measured by the WIAT-2. (The methodology) uses Gates-MacGinitie, and it is nationally normed. We also use the Star Assessment, and results closely align with the WIAT-2 and the Gates-MacGinitie. The special education diagnostician has been re-testing students and she reports at the ARD committee meetings that some of our students (using the methodology) have gained four grade levels since last tested.
	Sharon Schmitt has been a tutor and site coordinator using the methodology in Washington State for nearly five years and, prior to that, was a secondary reading teacher for 14 years. Schmitt volunteered the following about her experiences implementing the methodology:
	My school decided to implement [the methodology] four years ago in an attempt to provide assistance for the 67% of incoming sophomores who were reading 2 or more grades below their current level. Of those, approximately 60% were reading at the second/third grade level. Additionally, approximately one-third of our students qualify for Title I, special education, or ELL services. … (the methodology) more than met our expectations. The first year, 67% of students left the program reading at grade level. On average, students realized three-plus grade levels of gain in their instructional reading level, many realizing as much as five and six. Students showed an average increase of 1.9 years on the Gates-MacGinitie standardized test, and we had our first increase on the state’s assessment test… .
	A study designed to investigate the effectiveness of the methodology with at-risk tenth grade students from two high schools in Schmitt’s district supports the methodology’s effectiveness. Forty-nine students who received interactive constructivist tutoring and no other interventions in the tenth grade were matched to a randomly selected control group of 49 tenth graders not participating in the methodology. The two groups were matched based upon ethnicity and 7th grade test scores from the Washington Assessment of Student Learning (WASL).
	All 10th graders involved in the study (experimental and control) took the 10th grade WASL. The results were compared. Data was provided by the school and analyzed by an independent third-party evaluator (Litzenberger, 2001a).
	On the 7th grade WASL, no student in either the experimental or the control group met the standard of performance on the reading component or any of its sub-tests. On the 10th grade WASL, highly significant differences in favor of the experimental group were found in every subset of the test and in overall standards (p = 0.001). The results: 26 of the students tutored in the methodology grounded in the interactive constructivist view of reading development met the standard overall in the 10th grade (53 percent), compared to 12 of the non-tutored students (24 percent). Tutoring the students with a methodology reflecting the interactive constructivist view produced a 67 percent gain in students meeting the standard on the state reading sub-tests. The data for all subsets is reported in Table 2.1.
	TABLE 2.1
	GRADE 10    PERCENT OF STUDENTS MEETING STANDARDS
	2001 WASL                                            Grade 10 Comparisons
	Assessment
	Reading Sub-Test
	READ RIGHT
	Control
	Information Analysis
	51
	20
	Information Comprehension
	53
	31
	Information Critical Thinking
	53
	35
	Literature Analysis
	61
	49
	Literature Comprehension
	57
	39
	Literature Critical Thinking
	57
	32
	OVERALL STANDARD
	55
	32
	In a separate study, the longitudinal reading performance of students tutored with the methodology in Union Gap School, Union Gap, WA was assessed (Litzenberger, 2001b). The purpose of the study was to determine whether gains would be made during tutoring and, if so, whether these gains would be maintained over an extended period of time. Each student was administered the Woodcock Reading Mastery Test (WRMT) prior to beginning the tutoring program. When students exited the program, they were administered a different form of the WRMT as a post-test. Two to five years after they had exited the program, all of the originally tutored students who could be found (17 middle school students and eight elementary students) were re-tested using the form of the WRMT that had been used in the pre-test.  None of the re-tested students received any kind of reading intervention after they exited the program.
	The group at pre-test registered a mean Normal Curve Equivalency (NCE) score for Total Reading of 35. The post-test mean NCE score immediately following tutoring was 63, a significant gain of 28 NCE (p = 0.001). When students were re-tested for the longitudinal study between two and a half to five years after they had exited the program, the mean NCE score for Total Reading was 53, demonstrating that students continued to keep pace with their peers. For details of the results, see Table 2.2.
	Table 2.2
	Reading Sub-Tests
	Post-Test
	Re-Test
	Word Identification
	39
	59
	48
	Word Attack
	38
	69
	59
	Basic Skills Cluster
	37
	67
	53
	Word Comprehension
	35
	49
	48
	Passage Comprehension
	35
	57
	56
	Reading Comprehension Cluster
	34
	56
	51
	Total Reading
	35
	63
	53
	The 28 NCE gain from pre-test to post-test demonstrated in the Union Gap study is almost unheard of in the reading field. A 10 or more NCE gain is considered exceptional and not uncommon for programs using interactive constructivist methodology to address reading problems. The following information reflects a sampling of other schools reporting a gain of 10 NCE or more, using the Degrees of Reading Power (DRP) test or Gates-MacGinitie Reading Tests, comprehension sub-set.
	Conclusion
	In 2000, the National Reading Panel concluded that explicit, systematic instruction in phonemic awareness and phonics should be a regular part of early reading instruction. It also concluded that classroom instruction was better served through a balanced approach addressing phonemic awareness, phonics, vocabulary, fluency, and comprehension, the five components of what has come to be known as the “skills-based view” of reading development. Significantly, the National Reading Panel also acknowledged that few children with reading problems beyond the age of nine benefit from additional phonemic awareness and phonics training. No specific direction is offered as to what would systematically and methodically address their reading problems.
	In the interactive constructivist view as presented in this paper, passage reading and individual word identification are separate cognitive events, involving different neural processes and resulting in different neural activation patterns. Excellent passage reading results when the brain constructs semi-permanent neural circuitry that becomes the “super highway” for efficient executive functioning, involving the planning, controlling, and coordinating of all stored declarative and procedural knowledge relevant to the passage reading process. Without efficient implicit navigation through the maze of brain systems that store chemically and electrically encoded information throughout the brain, excellent passage reading cannot occur.
	Pediatrician and author Mel Levine (2002) has noted: “All too often, searches for causes are biased. People seek and find either what they were trained to find or that which they find most interesting.” Those who developed and have promoted the phonological processing view avoid discussion of the fundamental elements of cognition (attention, memory, and executive functions) in favor of an assumption that the “main event” and foundation of reading is word identification. Individual word identification and associated phonological processing fit with a speech-and-language view of reading development. If the phonological processing hypothesis is flawed in any way, then questions need to be raised as to associated research designs, conclusions, and recommendations. Indeed, significant questions have already been raised within the field of reading (Allington, 2002; Coles, 1998, 2000; Goodman, 1998; Taylor, 1998).
	The fundamental elements of cognition and brain processing are at the core of the interactive constructivist view of reading development. As LeDoux (2002), Vygotsky (1986), and Inhelder & Piaget (1964) all suggest, the work of constructing a macro-system occurs implicitly—below the level of consciousness—as does the subsequent operation of the macro-system when it is accessed to perform the process it was built to guide. A child riding a bicycle has no conscious awareness of what his brain is doing to make bicycle riding happen, and, likewise, humans reading passages of text have no conscious awareness of what the brain does to make efficient and effective passage reading happen.
	It is this lack of conscious awareness—or the implicit nature of reading—that has likely stumped reading experts for years and caused the reading field to over-focus on reading’s explicit components—individual words printed on the page. For approximately 200 years, the explicit aspects of reading have taken precedence over what it is that gives life and meaning to words—the thinking human brain.
	Simply stated, passage reading is probably an interactive and integrated, implicitly operating cognitive process involving a predictive strategy oriented to neural efficiency in discovering the author’s intended meaning or message. If this is correct, then excellent readers would read through the most efficient means possible, and not necessarily through linear phonetic or whole word reconstruction of the message. Graphophonic sampling, or the sampling of alphabetic information in the process of anticipating a message, would be a more efficient means of reading than linear decoding or whole word recognition. It would ensure literal comprehension because a reader cannot continue to engage in a predictive strategy without accurately constructing the author’s intended message as he goes. Additionally, causing the brain to make linkages with stored memory and the construction of meaning—rather—than—the—identification—of—each—and—every—individual—word—allows the brain to overcome limitations to short term memory by allowing the brain to make connections with language-rich concepts, rather than words.
	At the beginning of this paper, six questions that have stumped the reading field for years were presented (see page 3 to review the questions). Four concepts associated with the interactive constructivist view of reading development suggest logical answers to all six of the reading field’s unanswered questions:
	Concept 1) Phonological processing and individual word identification are not the main events of passage reading or reading development (re: Questions 1-3). In the interactive constructivist view, the main event of passage reading is to anticipate an author’s message through the efficient deployment of executive functions and the use of a predictive strategy. To build neural circuitry designed to make the predictive strategy work, the developing reader must have:
	An implicit understanding of excellent reading so the brain has a clear concept of what it is trying to achieve;
	Strong intent to figure out all of the implicit and explicit aspects of the passage reading process;
	A subconscious understanding that anticipatory systems must be used to figure out how to produce excellent reading.
	It is likely not a coincidence that both hearing impaired children and victims of the fourth grade slump stall in reading development at a third or fourth grade level. Both may stall because their brains are over-dependent upon individual word identification as the primary reading strategy rather than anticipatory systems to predict the language in text, thereby thwarting efficient executive functioning and exceeding the limitations of short-term memory.
	Concept 2) A brain that operates on only one or two aspects of the complex, integrative reading process and fails to figure out all of the other implicit aspects of reading will have a reading problem (re: Questions 4 and 5). The “Matthew Effect,” persistent reading problems, and the “fourth grade slump” are likely different manifestations of the same core problem—neural circuitry that is not appropriately constructed for efficient and effective passage reading. A brain that attempts to read in a manner that is inefficient is bound to encounter frustration. As frustration builds, the brain may become prone to giving up easily or, technically speaking, abandonment, creating one possible source of a brain that appears to struggle consistently (the essence of the “Matthew Effect”).
	Whether hearing or deaf, all developing readers must hold themselves accountable to produce efficient and effective passage reading, rather than individual word identification. As they do, they construct the kind of macro-system necessary to guide the passage reading process with excellence. Strong intent, keen ability to use a predictive strategy, and the subsequent efficient deployment of executive functions likely produce children who do not struggle with learning. Such efficient brain operation supports all kinds of classroom learning, not just reading development.
	Concept 3) A child, teen, or adult with a reading problem ultimately must apply “mental force” to remodel inefficiently operating neural circuitry (re: Question 5). The entire macro-system of neural circuitry—not one or two micro-systems within the macro-system—must operate appropriately for excellent reading to be achieved. One of the primary problems with reading theory currently in vogue is its focus primarily on one micro-system of the brain (the language system). If passage reading involves much more than decoding and vocabulary, applying mental force only to correction of a few aspects of the brain’s language system would be destined to have a poor track record of being able to correct reading problems.
	Most instruction provided to children with reading problems continues to reinforce the erroneous concept that reading is dependent upon decoding and individual word identification. As long as interventions continue to send an erroneous message to the brain relative to the fundamental nature of the passage reading process, reading interventions are likely to produce hit-and-miss results, with an overall low rate of success at completely eliminating the reading problem. Reading interventions that more accurately reflect what the brain must do to read passages of text logically would hold greater potential to eliminate reading problems systematically, quickly, and efficiently.
	Concept 4) The student for whom reading suddenly “clicks” successfully figures out the correspondence and relationship between reading and the interactive nature of human communication (re: Question 6). Such a student develops a sudden implicit understanding that reading involves proactive construction of a message based in a predictive strategy emanating from internal neural structures rather than the passive and explicit activity of individual word identification. From the perspective of an observer, this would appear as a sudden shift from dependence on decoding to the use of an efficient and effective predictive strategy to anticipate a passage’s message. Within the child’s brain, a more efficient neural network would have been constructed over time, but gone unnoticed by the observer when reading was occasionally as efficient as conversational speech. The “sudden click,” so to speak, reflects the child’s permanent shift to the more efficient reading strategy. Duckworth (1996) may have aptly described the sudden click as “the having of a wonderful idea.”
	Throughout this paper it has been proposed that word identification and sentence or passage reading are separate cognitive acts, involving different neural activation patterns. Evidence from peer-reviewed literature has been presented to support this position. It is also proposed that individual word identification is not reading’s main event. Instead, it is proposed that the brain must construct a macro-system of neural circuitry to guide the passage reading process and this macro-system performs executive functions that cause the brain to efficiently and effectively access all relevant micro-systems (or processes) and knowledge as needed stored throughout the brain. Children and adults who learn to read this way become excellent readers because their neural circuitry is geared to construct the author’s message or meaning, which they do by establishing a predictive relationship between their pre-existing knowledge and the meaning intended by an author. Excellent readers know implicitly that they must read from meaning not for meaning because passage reading, like all learning, is an inside-out process; not an outside-in process.
	The new theory is evidenced-based, grounded in widely accepted learning theory as defined by Lev Vygotsky and Jean Piaget and accepted knowledge about synaptic brain activation and the formation and use of neural networks, first articulated by Hebb, and later expanded upon and articulated by Johnson, Allman, LeDoux, and others. In the new theory, memory, attention, and executive functions, appropriately defined by multiple researchers, play a vital role in both learning how to read (building the macro-system that will guide the reading process) and, subsequently, the process of reading (utilizing the macro-system to “operate” on the text, reconstructing the author’s message through a predictive strategy). The fact that memory, attention, and executive functions, recognized components of cognition, are not accounted for or assigned prominent roles in reading development by other popular views (the skills-based view as defined by the NRC, NRP, and Shaywitz or whole language philosophy as defined by Goodman or Smith) should be considered serious short-comings of these views and cause for closer scrutiny of them by the scientific community.
	The interactive constructivist view of reading development is the first to unite what is known and accepted about learning theory and global synaptic brain activation, including but not limited to language systems, auditory processing, visual processing, memory, attention control, and executive functions. The view is grounded in a basic human need to make sense of the world—the ultimate definition of “meaning” and the ultimate driver of learning.
	The high degree of effectiveness of methodology fully grounded in the new view suggests that the current hit-and-miss nature of reading remediation has the potential to be replaced with approaches that yield far more consistent results. Teachers and struggling readers should not have to experiment with a myriad of interventions in the hope of finding one that works. This idea, in and of itself, suggests that the true cause of reading failure has not yet been accurately identified.
	Given that 20 million children continue to struggle with reading in the U.S. alone (Lyon, 2003a), the interactive constructivist paradigm and the first methodology developed to adhere strictly to it are worthy of thorough scientific exploration and testing.
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