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T. LACHMANN 

 

READING DISABILITY AS A DEFICIT IN 
FUNCTIONAL COORDINATION AND INFORMATION 

INTEGRATION 

1. THE BEGINNING OF A SCIENTIFIC INTEREST IN READING 
DISABILITY:  

1.1 Neurological and educational sources 

With a brief history of only about 100 years, the scientific interest in reading 
disability can be seen as a consequence of the advances in two originally distinctive 
fields, educational and neurological science (today specified as neuropsychology). 

1.2 The educational concept of reading disability 

At the beginning of the 20th century, psychoeducational testing became more 
important, not only for measuring general intelligence (Binet, 1905; Stern, 1912) but 
also for testing separate techniques like reading and writing (Thorndike, 1910; 
Gates, 1921, 1927), in order to predict a students learning performance and to 
identify students whose performance in school differed greatly to what the test 
results suggested. The main intention of the reading tests was to optimize 
educational guidance for acquiring these techniques. Gates, Bond & Russell (1939) 
later pointed out that reading ability is something that children acquire in varying 
degrees; it must be taught and is not a series of attributes for the development of 
which a teacher can do nothing but wait. The test battery compiled by Gates (1927) 
includes most of the aspects that are considered today as important for reading: 
visual as well as auditory perception, word-recognition, ocular motor function, 
vocabulary and comprehension, general intelligence as well as educational 
background, motivation, and emotional stability. The purpose of such reading tests 
was not only to identify students with reading problems, but also to provide an 
opportunity to teach them in a special way and to give clues for educational 
guidance. Therefore, it was an aim to differentiate between “types of  difficulty” 
(Gates, 1927) reflecting causes of reading disability (for “extreme cases”, also 
including low intelligence, constitutional and educational immaturity, special bodily 
or mental defects, defects of sensory apparatus, or personality; Gates, 1937). 
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1.3 From aphasia to congenital word-blindness 

Another source of growing interest in reading disability can be seen in the 
fundamental improvements in a sub-field of neurology now known as 
neuropsychology. The finding by Broca (1861, see also the work of the precursors 
Gall, Bouillaud, Dax, Auburtin, cited in Kolb & Whishaw, 1996) that damage to a 
specific frontal part of the left hemisphere of the cortex (still called Broca’s area 
today) induces a partial loss of spoken language (aphemia), as well as the work of 
Trousseau (1865), Wernicke (1873), Broadbent (1872, cited in McCready, 1926), 
and others, put forward - albeit from a different perspective - Gall’s (1758 - 1828) 
idea of a localization of functions in the brain (especially in the cortex) and 
awakened the hope to find particular areas responsible for reading. Hughlings-
Jackson (1868; see Taylor, 1931 or Zangwill & Wyke, 1990), one of the pioneers of 
the idea of lateral dominance known for his theory of the hierarchical organization 
of the brain, argued that the areas “specially related” to reading are not only those 
responsible for visual object recognition, but also those responsible for spoken 
language. However, in contrast to most of his colleagues, he assumed that basically 
all areas are more or less involved in language processing and therefore in reading.  

Kussmaul (1878) introduced the concept of “word-blindness” (and “word-
deafness”), which did not signify a sensory defect. The patients were not assumed to 
be blind (or deaf) for the written (or spoken) words but rather for their meaning, 
while other intellectual abilities, including speech, remained intact (see also 
Wernicke, 1873 and for critical remarks Ebbinghaus, 1913, pp. 728-732). He 
assumed that damage to certain parts of the left cortex, such as those investigated 
previously by Broadbent (1872, cited in McCready, 1926), located in the left angular 
and supramarginal gyri, was responsible for the symptoms he observed.  

The case studies by Morgan (1896) and Kerr (1896, cited in Orton, 1928a) are 
recognized as the first (see also Berlin, cited in Venezky 1993; Broadbent, cited in 
McCready, 1926; Hinshelwood, 1895) which shift attention from patients with 
word-blindness acquired by brain damage, to children without any injury but with 
similar symptoms resulting from an inability to learn reading, not from a loss of 
reading capability. Morgan (1896) assumed that the student he described suffered 
from a congenital caused defective development of the same areas of the left 
hemisphere which are damaged in the patients described by Kussmaul (1878). 
During the following decades a striking number of publications on congenital word-
blindness, as the counterpart to acquired word-blindness, were published (Thomas, 
1905; Hinshelwood, 1907; Rutherford, 1909; Warburg, 1911). These studies mostly 
concentrated on the genetic etiology (family and gender studies) and the verification 
of locations in the brain, but at the same time increasingly considered educational 
and social aspects (Hinshelwood, 1917; McCready, 1926; Ford, 1928) and suggested 
educational (or treatment) methods (Hinshelwood, 1917). Thus, the concept of 
congenital word-blindness represents in some respect a brick of the bridge between 
the neurological concept of word-blindness and the educational approach towards 
learning disability. It introduced a developmental aspect and yet still held strongly 
onto the notion of the localization of dysfunctions in the cortex and their genetic 
conditionality.  

Nevertheless, neuropsychologists (in the broadest sense) and educational 
scientists remained skeptical of each other. The latter especially doubted the 
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hypothesized analogy of acquired and congenital word-blindness (Gates, 1921, 
1927; Marie, 1922). They argued that it is the wrong way and a vain endeavor to try 
to define and locate an area in the cortex, such as the “visual word center” 
(Hinshelwood, 1917), whose faulty development is responsible for the whole range 
of reading disabilities, and to claim that this area is identical to the area damaged in 
acquired word-blindness patients (Hinshelwood, 1917). This also implicates a 
controversy about educational methods. As a consequence of the analogue 
assumption (Morgan, 1896), most of the supporters of the congenital word-blindness 
concept suggested to choose the same methods of treatment as used in acquired 
cases, while the educators were interested in diagnosing different types of reading 
disability (Gates, 1927) to optimize the special educational guidance. The critique 
from educators that patients suffering from word-blindness often cannot read at all 
while students with reading disability can, although not as well as they should be 
able to and with a great variety of restraints, was averted by the argument that a 
stroke, a tumor, physical injuries, or other damages can seriously affect or even 
totally destroy the reading area, while in the congenital case the adequate 
development is more or less impaired. In this respect, Hinshelwood (1917) for 
instance, argued by introducing different cases of word-blindness. Those which he 
categorized as “mild” and called “congenital dyslexia”, are characteristic for what 
occurs often in everyday school life and might even be overlooked. 

1.4 Neurological basis of education 

The term congenital word-blindness never described a homogeneous concept. There 
were always controversies concerning the number and locations of the brain areas 
involved and the diagnostic criterions (Hinshelwood, 1907; Wallin, 1920; Fildes, 
1921; Bachmann, 1927; Gordon, 1928; see critical review in Ebbingshaus, 1913). 
Most influentially, Hinshelwood (1907, 1917) proposed that word-blind children 
have an impaired visual memory for words, while their auditory memory is 
unimpaired. However, neither he nor Kussmaul (1896) assumed that the visual 
perception for words is in any way affected, but rather the association between 
words as visual configurations and their appropriate names and meanings. This 
association is assumed to be realized by the “visual word center” in the cortex. A 
faulty development of this particular area in the early stages of embryonic growth - 
while other areas remain intact - induces (more or less) a disability to understand the 
meaning of written words. 

From the neurologists field, Orton (1925, 1927, 1928a, 1928b, 1929a, 1929b, 
1937) most influentially criticized the concept of congenital word-blindness by 
favoring a different understanding of the developmental aspect. Orton’s (1925, 
1928a) critique on a simple analogy hypothesis (see above), postulated by the 
supporters of the concept of congenital word-blindness (Morgan, 1896; Kerr, cited 
in Orton, 1928a; Hinshelwood, 1917), was based on findings such as the fact that 
during the plastic period of development, a lesion does not necessarily prevent the 
acquisition of the respective function (Marie, 1922; see also Apert; Pick both cited 
in Orton, 1925). He argued that reading disability is not a pathologic irremediable 
condition where a center will never be developed adequately. Reading dis ability, 
appearing in a graded series of severity, is rather “explainable as a variant in the 
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development of the physiologic lead in the hemispheres” (1928a). Using the right 
methods, the difficulty might be overcome. In other words, he still believed in a 
physiological origin - albeit in a different way - but also emphasized educational and 
environmental “forces”, such as social aspects, as important causal factors, while 
earlier studies, if any, considered these aspects only in terms of consequences of the 
congenital word-blindness (Ford, 1928), or as factors influencing the rehabilitation 
success. For a developmental disorder (or “delay”) in this sense, the symptoms are 
assumed to be more or less normal in a certain stage of physiological maturation of 
brain functions important for learning to read. However, reading disabled children 
need special training for overcoming these symptoms (Orton, 1925 based on 
findings by Javal, Sereni, Pick and others cited there; Fildes, 1923). As a 
consequence, even though he did not doubt that there is a congenital proportion, the 
term congenital word-blindness was replaced by the term developmental word-
blindness. Thus, Orton’s theory can be counted as more than just a brick of the 
bridge between neurologists and educators . Rather, it can be characterized, as he 
himself did, as a theory of the “neurological basis of education” of reading disabled 
children (Orton, 1925, 1929a). For this reason, his theory will be introduced in more 
detail in the following section. 

1.5 Strephosymbolia 

In 1925, Orton was the director of a mental hygiene clinic, an institution to support 
practical and longitudinal orientated multidisciplinary research in natural settings 
and in cooperation with the social environment, such as parents, teachers, etc. (see 
Richardson, 1989). As a researcher with neurological background, he then was 
confronted with the entire range of learning disabilities arising in schools. Among 
the pupils who were sent by their teachers as “failing in school work”, Orton and his 
collaborators identified a high proportion of students with a special difficulty in 
learning to read. Using a psychometric test (Binet, 1905), they realized that these 
students were unfairly underestimated in their intellectual capacity (Orton, 1925, 
1928a). They reached IQ measures within a range of “normal intelligence” and 
could by no means be characterized as defective. At this point, parallels to 
educational research can clearly be recognized (Gates 1921, 1927). Orton’s theory 
related to these findings, however, is based on his neurological background and 
knowledge, such as the specificity of the hemispheres (Hughlings-Jackson in Taylor, 
1931; Kapper; Javal, 1906, both cited in Orton, 1925; Sherington, 1906; Gorden, 
1920; Fildes, 1921, 1923; Parson, 1924) or separate levels (or types) of visual 
cortical brain functions (Campbell, 1905; Brodmann, 1909). In this respect, he 
interpreted the high frequency of left-handness (-eyeness) within the group of 
reading disabled children (already mentioned by others; Go rden, 1920; Fildes, 1923; 
Parson, 1924) and the typical reading and writing mistakes made by many of that 
group as result of a developmental disorder of the interhemispheric balance. Without 
any “visual deficit in the ordinary sense”, as tested by recognit ion and naming of 
visual objects (Healy Pictorial Test, see Orton, 1925, 1928a), the characteristic 
mistakes and phenomena he found (1925) were: 
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(1) On the letter level (he later called them static reversals):  
difficulty in differentiating letters which are horizontally or vertically 
symmetrical to each other or rotated (p and q; b and d; p and d); 
(2) On the word level (he later called them kinetic reversals):  
tendency to confuse palindromic words (was and saw; not and ton) and to 
read partially from right to left resulting in a reverse of paired letters or 
even syllables within a word; 
(3) a remarkable capability for mirror reading and writing, sometimes 

better than in normal orientation. 
These orientation mistakes (reversals) are assumed to be the result of a hemispheric 
imbalance and a cardinal symptom reflecting the whole graded series of reading 
disability (contrary to Hinshelwood’s, 1917, distinction between mild and severe 
forms). The great variety of all other mistakes, which he also observed (see Orton, 
1925), were seen as a “secondary defect of the learning process resulting from a lack 
of practice in reading because of the obstacle in recognition interposed by the 
reversals” (1928a). Therefore, he introduced the term strephosymbolia as a 
“descriptive name for the whole group of children who show unusual difficulty in 
learning to read” (1925). It is important to note at this point, that Orton believed to 
have found an objective measure for reading disability (or strephosymbolia) in the 
number of reversals and in the ratio of the time from mirror reading to normal 
reading (1928a). Using these objective measures, he found a striking difference in 
the percentage (two to four percent, cf. Orton, 1929c) of strephosymbolic children in 
different school populations, which he interpreted as evidence for his hypothesis of 
the causal role of teaching methods (sight reading plan, multi-sensory training, etc.) 
as an environmental factor. 

Orton is often incorrectly cited in literature as the first to realize that reading 
disabled children make typical orientation mistakes (reversals) and have a special 
capability in mirror writing. However, these symptoms and their reference to 
interhemispheric communication were previously hypothesized (Javel; Sereni, both 
cited in Orton, 1925; Gorden, 1920; Fildes, 1923) and extensively reviewed by 
Orton (1925). This also holds true for the idea that mirror writing and hemispheric 
confusion is normal in a certain stage of phylogenetic (evolutionary) and 
ontogenetic (individual) development (Javel; Ullmann; Sereni, Fildes & Myers, all 
cited in Orton, 1925; Fildes, 1923; Parson, 1924). His accomplishments rather 
consist of a supplementation and systematic synopsis of all findings and their 
reinterpretation within a neurological framework (for reading disability, with 
educational relevance,) using his enormous experience and considering the latest 
neurological theories of that time. This neurological framework will be explained in 
the following paragraph.  

In the first quarter of the 20th century, experimental psychologists (Wundt 
founded the first psychological institute in Leipzig in 1879) began to study cognitive 
levels or stages using introspection (Wundt, 1912) and behavioral data (reaction 
time paradigm based on Donders, cited in Lachman et al. 1979; Wundt, 1912) 
whereas neurologists, such as Orton were motivated to define localizations in the 
brain as a neurological basis for the functional levels. He (1925, 1929b) postulated 
three such levels within the visual cortex, based on both histological findings about 
distinct types of neurons in the visual field (Campbell, 1905; Brodmann, 1909) and 
neuropsychological evidence from focal brain damages (Sherrington, 1906; 



T. LACHMANN 6 

Brodmann, 1909; Munk, cited in Orton, 1925, 1929b; Hinshelwood, 1917). As an 
early arrival platform (after reflex centers), he defined the area striata (see 
Campbell, 1905) as the neurological basis for the first level, the visual perceptive 
level. From a bilateral destruction, but not from unilateral destruction of this area(s) 
a cortical blindness (Orton, 1929b) results in which there are no conscious visual 
processes, while the lower reflex phenomena remain unaffected. The occipital cortex 
which surrounds the arrival platform in both hemispheres (area occipitalis, 
Brodmann, 1909; Campbell, 1905), is assumed to be related to the second level, the 
visual recognitive level. An extensive bilateral destruction results in a mind-
blindness (Orton, 1929b). There is retention of mere awareness of visual stimuli 
(first level), patients can move about without collisions, but there is a loss of their 
recognition (objective memory). For the reading process the third level, the visual 
associative level or symbolic level (Orton, 1928b), is most interesting. According to 
Orton, this functional level is not exactly locatable, but includes temporal and 
parietal areas laying nearest to the visual recognitive field (prae-occipital area, 
occipito-temporal area, area angularis and parts of area parietalis superior, see 
Brodmann, 1909). With lesions in these areas, the awareness and the recognition of 
the meaning of visual objects or symbols remain intact, but there is a loss of the 
abstract or associative meaning of printed words (associative memory) and thus a 
difficulty in reading (acquired word-blindness). However, in this case, contrary to 
the first two levels, a unilateral damage in the dominant hemisphere (either left or 
right) is sufficient to produce the symptoms, whereas damage to these areas in the 
nondominant hemisphere does not result in comparable clinical symptoms (Orton, 
1928b). This is similar to other disabilities resulting from a loss of a higher function 
after unilateral damages and points out the role of cerebral dominance in 
phylogenetic and ontogenetic development of higher processes (such as language).  

The lesion studies suggest that within the first two levels, the hemispheres “work 
in union to produce a single conscious impression” (Orton, 1929a), whereas the 
association with sounds and abstract meanings (associative level) required for 
reading, is realized by the dominant hemisphere only. Orton’s interest, however, not 
only refers to what happens in the associative fields of the dominant hemisphere, but 
also to what happens in the cells of the symmetrical counterpart (often called “silent 
areas”, 1928b) which are similarly stimulated by the incoming stimuli and are also  
supposed to form a mnemonic record or engram (Kapper, cited in Orton, 1925; see 
also H.-Jackson, 1864 in Taylor, 1931). Orton assumed this engram to be a mirrored 
(antitropic) version of the one in the dominant hemisphere, because of the oppositely 
orientated nerve cells (see  Sherrington, 1906). Thus, for reading, at the associative 
level, the orientation of letters and words becomes relevant. A mirrored word or 
letter might be related to a different concept or sound association (as for p/q). Since 
the linkage between the levels must be simultaneous or quickly successive and 
strongly concordant, it is crucial to completely suppress the mirrored record to make 
a fast and correct association with sounds or abstract meanings. In this respect, 
learning to read means learning to suppress memory patterns in the associative fields 
of the nondominant hemisphere. Otherwise confusion leads to mistakes and/or a 
delay in reading as well as in writing because of failing recognition of correct 
associations (see above). According to this point of view, teaching to read must use 
a multi-sensory, more phonetic approach instead of a “look and say” method (see 
Gillingham & Stillman, 1969).  
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1.6 After Orton 

Even though we highlighted Orton’s theory here as a bridge between the educational 
concept of reading disability and the neurological concept of congenital word-
blindness, it must be mentioned that this bridge was not really used enthusiastically 
by many representatives of both fields (e.g. Mills, 1929; Chritchley, 1966). Instead, 
they still ignored or kept their critical distance to each other as well as to Orton 
(Gates & Bernett 1933; Gates, 1936; Hall, 1946; Schonell, 1940, 1941; see 
Venezky, 1993 for an overview). Many authors doubted the assumption of reversal 
errors as a cardinal-symptom of reading disability, which is still based on a single 
cause hypothesis (e.g. Gates, 1933; Witty and Kopel, 1936; Monroe, 1932; Wolf, 
1935; see also Dearborn, 1933; see Robinson, 1946 for review). They argued that 
not all reading disabled children show differences in mirror writing and make more 
reversal errors or show other symptoms in reading as well as in other performances 
that could be explained by a deficient hemispheric lead (Schonell, 1940). Some 
authors even failed to find any significant difference between groups of normal 
reading and reading disabled children for the rate of reversal errors (Gates, 1933, see 
Miles, 1993 for review and statistics). Conversely, some authors failed to find more 
reading problems or reversal errors within the group of left-handed children (e.g. 
Gates, 1933) or more reversals in left-eye dominant reading disabled children (e.g. 
Monroe, 1932; but see also Monroe, 1928). Also, the unclear relationship between 
static (letters) and kinetic (words) reversals, the role of non-vertical symmetry 
between letters (e.g. p / d), as well as the findings that not all reversible letters are 
going to be reversed and that static reversals only occur in the context of reading and 
writing but not when letters were presented separately, were topics of critical papers 
(see results and review in Liberman et al., 1971; but see also Fisher, Liberman & 
Shankweiler, 1978). In addition or in competition to reversal errors and mirror-
writing, the main interest in the following decades shifted to what Orton (1925, 
1928a, 1928) called “secondary” symptoms, such as repetitions in reading and 
writing, and errors over vowels or consonants involving the omission of sounds 
(Monroe, 1932; Gates, 1933; Schonell, 1940, 1941, 1942; see also Hermann, 1959; 
see Miles & Miles, 1999, for an overview). Later on, it was found that these 
secondary errors are even more common than reversal errors (e.g. Liberman et al. 
1971; see Kibel & Miles, 1994 for more current results) and that the reversals occur 
with large intersubject and innersubject variability (Liberman et al., 1971). This led 
to the implementation of a multiple cause model for reading disability (Schonell, 
1941, 1942), which either includes possible hemispheric factors (for instance for a 
subgroup: Liberman et al., 1971) or even negates the relation between hemispheric 
dominance and reading problems (Robinson, 1946; see also Zangwill, 1960). At this 
point, however, we should refer to a critique regarding the definition of reading 
disability which will be mentioned in more detail below.  

In general, reading disability increasingly became a topic of psychological and 
psycholinguistic research. To investigate the phenomenon, paradigms and methods 
of experimental psychology (e.g. reaction time paradigm) were used (see Miles & 
Miles, 1999, ch. 2, or Springer and Deutsch, 1998 for an overview).  
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1.7 The phonological turnaround 

The main reason for explaining word-blindness and Orton´s strephosymbolia here in 
more detail is not only to give an introduction to the history of reading disability 
research, but also to emphasize that these approaches are not to be counted as 
theories of “visual perceptual deficits” in reading dis abled children. It is often 
argued in the literature (e.g. Vellutino & Scanlon, 1998; Vellutino, 1979, 1987; 
Fisher et al., 1978; see Willows & Terepocki, 1993 or Corballis, 1993 or Willows, 
1998 for a critical review), that Orton and others overestimated visual components 
of reading and overlooked language-based / linguistic aspects. However,  this is a 
simplification of an approach which emerged from theories of acquired disabilities 
of spoken language anyway (see above). Nevertheless, the terms “visual word 
center” (Hinshelwood, 1907, 1917) and “visual associative level” (Orton, 1925, 
1928) not only include the word “visual”, but also describe the association between 
a written word and a sound or a meaning (language aspects) as a higher (linguistic) 
level of visual processing, thus directly dependent upon the visual input. As a matter 
of fact, following the single cause assumption, many mistakes (e.g. consonant 
confusion by voicing: c/g; f/v; confusion to more “open” vowels: i>e, see Kibel & 
Miles, 1994) cannot be explained by any relation to the visual stimulus, but rather by 
phonological aspects independent from the configuration of the letter(s). This is 
difficult to explain as a “secondary symptom”. Moreover, some typically static (b/d) 
and kinetic reversals (brain/brian) can also be explained by phonological aspects 
(e.g. the place of articulation in consonants, see Kibel & Miles, 1994; see Frith, 
1985). Such findings, often substantiated by teachers, as well as new theoretical 
approaches (conceptual learning, Chomsky, 1959; see Friederici & Menzel, 1999 for 
a short review) and numerous results within the filed of psycholinguistic research, 
led to a change of interest in reading researchers from unicausal theories of 
incomplete cerebral lateralization to more linguistic based theories regarding the role 
of phonological coding/decoding and segmentation skills for reading (Liberman, et 
al., 1971; Shankweiler et al, 1979; Bradley & Bryant, 1978; most cited in this 
respect is Vellutino, 1979). Theories originating from this “phonological 
turnaround” can roughly be subdivided into multi- and unicausal models. 
Multicausal models include phonological, visual, and other aspects in different 
proportions (Mattis et al., 1975; Doehring et al., 1981; Satz & Morris, 1981; Lyon et 
al., 1982; Mitterer, 1982; Watson et a., 1983; Seymour & McGregor, 1984; Feagans 
& Merriwether, 1990; Korhonen, 1991; Lovett et al., 2000; see Watson & Willows, 
1993 for a review). Unicausal models assume only phonological deficits as the 
cardinal factor in reading disability (Vellutino, 1979, 1987; Bradley & Bryant, 1978, 
1981; Miles, 1991; Wimmer et al., 1999; see Snowling, 1998 and Siegel, 1998 for 
overview). Of course, there are also unicausal visual models or modified 
lateralization models, which do not necessarily support Orton (Corballis et al., 1985 
a & b; Geschwind & Galaburda, 1987; Bishop, 1997; Annett & Kilshaw, 1984; 
Galaburda, 1995; Jenner et al., 1999; see the chapters of Galaburda and Stein in this 
volume; see Corballis & Beale, 1993 for review, with restriction also Hier et al., 
1978; please note that for these models “unicausal” does not mean that varying 
lateralization must always lead to dyslexia; please see also our discussion about the 
definition of “visual deficits in dyslexics” later in this chapter). In fact, this 
differentiation is not really tenable, the complexity of models which exist in 
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contemporary reading research literature is not describable in simple terms (see 
Miles, 1991, for discussion). However, there is at least one question which seems to 
arise from this distinction, namely: Are there visual deficits in reading disabled at 
all? This question is hard to answer, not only because the results published in the 
last decades are so contradictory (see Rayner & Pollatsek, 1989 for discussion), but 
also because of the inconsistency in defining both what is a “visual deficit”, and also 
what is a “reading disability”. For this reason, the researchers who are trying to 
answer this question have quite different understandings of these concepts and are 
using very different methods and samples for their experiments. The following 
section tries to roughly put in order the various studies and models of reading and 
reading disability within the context of an information integration deficit view.  
 

2. INFORMATION INTEGRATION AND THE COORDINATION OF 
FUNCTIONS 

2.1 The reading process 

Undoubtedly, reading is one of the most complex cognitive processes for humans 
overall. Even the “old neurologists” (especially Hughlings-Jackson, 1864 in Taylor, 
1931), including those who believed in a stricter localization of brain functions 
(Broca, 1865; Wernike, 1874) and the representatives of the concept of congenital 
word-blindness (Hinshelwood, 1917), would not have objected that many brain 
areas and mo re than one special cortical location are involved in the process of 
reading (see also Ebbinghaus, 1913, pp. 729). In this respect, it appears to be 
important not only to study cases of both acquired word-blindness and 
developmental reading disability (Seymour & McGregor, 1984), but also to try to 
understand the reading process by itself (see critique on reading disability research 
by Rayner, 1993). For instance, Everatt et al. (1999) described the reading process 
simply as comprisal of two basic processes: visual decoding of a written form and 
language comprehension, including multitudes of sub processes. It would be a big 
misunderstanding to presume that this does not agree with the understanding of 
Hinshelwood (1917) and Orton (1925). However, they assumed a serial order of 
these processes (which followed the general belief at this time). As already 
mentioned, within this point of view, phonological and semantic processes cannot be 
explained independently of the visual input since they are triggered by a fully 
created visual representation. Of course, with present knowledge from 
psychophysiology, neuropsychology (see Kolb & Whishaw, 1996 for an overview), 
experimental psychology and reading research (see Rayner & Pollatsek, 1989 or 
Everatt, 1999 for an overview; see also the chapter by Starr et al. in this volume) and 
their interdisciplinary overlap in terms of cognitive neuroscience (see Springer and 
Deutsch, 1998 for an overview), it appears unlikely that visual and “associative” 
processes occur serially. For instance, we know from eye-movement research (Javal, 
cited in Heller, 1982 as first study in eye-movement; Katz & Wicklund,1971; 
McConkie & Rayner, 1976; Just & Carpenter, 1980; Rayner & Pollatsek, 1989; 
Heller, 1982; Rayner, 1998; Radach et al. 1999) that it needs only a couple of 
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hundred ms (see Starr et al. in this volume) to read a whole word (within one 
fixation). On the other hand participants in experiments need about half a second or 
longer to recognize or to recall a single letter (Lachmann, 2001). Nevertheless, they 
perform such experimental tasks with letters much faster than they do with non-
linguistic pattern material of comparable structure (e.g. Lachmann, 2001; see Kolers, 
1970). We also know that it takes much less time to recognize a word than a 
nonword (word superiority effect; Reicher, 1969; Wheeler, 1970; Johnston & 
McClelland, 1973; Krueger, 1975, Greenberg & Krueger, 1980) and that context has 
a significant influence on word recognition (Rayner & Pollatsek, 1989; Massaro & 
Cohen, 1991; Massaro, 1998; see Everatt et al., 1999). Thus, reading seems to be 
more than just a simple addition of visual recognition of letter forms or letter 
combination shapes and language comprehension. This is at least true for skilled 
readers in most of the reading situations. In fact, beginning readers use a more serial 
strategy on the very beginning of the pre-alphabetic (Ehri & McCormick, 1998; 
Ehri, 1995, 1999) or logographic phase (Frith, 1986), where they perceive each letter 
separately, linking them with a sound and merging the sounds to a word which 
generates a meaning. In contrast, skilled readers fixate mostly on whole words in a 
text for about 200 ms (fixation time; Rayner & Pollatsek, 1989; Just & Carpenter, 
1980; McConkie & Zola, 1987; Starr et al. & Radach et al. in this volume, see also 
Radach et al., 1999). After a fixation they move their eyes in terms of a saccade to 
the next fixation point. The perceptual span, i.e. the area fixated upon (over which 
visual information can be retrieved), can be described as a function of text difficulty 
(not of the complexity of the configuration) and reading experience (and thus the 
ability of using context information and recognizing words by sight, see e.g. Ehri, 
1999). Thus, the time of a fixation cannot be seen as a first serial stage that 
represents the time taken for a visual analyses of the letters focused upon. Even 
without recognizing all letters of (for instance) a word (Rayner et al., 1982, 1983), 
visual information can be analyzed within about 50 ms  during a fixation (Rayner et 
al., 1981). Furthermore, information from neighboring words is often acquired 
parafoveally (Rayner, 1998). Short words (“and”; “or”, “in”, “of”) may even be 
skipped from fixation analyses (see Radach et al. in this volume). A famous example 
for the strong semantic and context influence on skilled reading is the phrase: “Paris 
in the the Spring”, most readers do not realize the double “the” (Miles, 1991). For 
more details about the reading process, see e.g. the chapters of Starr et. al., Radach 
et al., and Osaka & Osaka in this volume.  

2.2 Fragmentation of functions: The dilemma of experimental reading disability 
research 

Generally, it can be summarized that reading is not a single capacity, but rather a 
coordination of many functions and processes (which was already postulated by 
Gates in 1921; see also modular organization, Marr, 1976). Such functions are not 
only visual, phonological, and semantical decoding, but also orthographic, syntactic, 
and contextual analysis, emotional evaluation, motor and attentional control, long- 
and short-term memory, etc.. Reading not only implies that all of these functions 
work with a high speed and accuracy, but also that they are perfectly coordinated 
and influence each other in an optimal way. This view excludes a single cause 



FUNCTIONAL COORDINATION DEFICIT IN READING DISABILITY 11 

assumption and explains why reading disabled mostly do not show comparable 
failures in other performances and why experimenters often fail to find visual (or 
auditive) deficits in all reading disabled children or adults. In fact, experimental 
reading disability research is in somewhat of a dilemma. By definition, reading 
disabled differ from skilled readers in their reading performance. Consequently, this 
reading performance is already a result sufficient to discriminate the groups (apart 
from the fact that their must be a chosen criterion for their differentiation, see 
below). Thus, the patterns of errors and the latency of reading should be analyzed 
and interpreted, as it was done e.g. by Orton (1925). However, to investigate the 
origin of this lack of reading performance experimentally, the reading process has to 
be fractionalized to test the ability in single or several functions which are assumed 
to play a major role for reading (e.g. phonological decoding) or to test another 
performance which is assumed to be based on one or several of the functions 
involved in reading (e.g. Ho et al., 2000: onset detection or rhyming for 
phonological awareness, word repetition vs. non-word repetition for phonological 
memory). If reading disabled in comparison to skilled readers show a failure in this 
tested function(s), then this function(s) is (are) assumed to play a causal role for the 
failure in the reading performance. However, with the point of view that reading 
depicts a coordination process, a reading disabled person can do very well within all 
functions that are hypothesized to be important for reading when they are tested 
separately. His/her problem may rather be the coordination of the processes and the 
integration of the information available from different representational formats in 
speed and accuracy required for reading. That is why the question about visual 
deficits generally cannot be answered more satisfactory than the question about 
phonological or other deficits in reading disabled. Nevertheless, many experiments 
suggest in fact a deficit in a single function. There is no doubt that such a failure 
might lead to problems in reading. However, it cannot be concluded from these 
results that reading disability is caused solely by a lack of the function which has 
been tested. Moreover, the null finding of an experiment aimed at testing e.g. visual 
or phonological processing, does not necessarily imply the exclusion of visual or 
phonological processing deficits as one cause for (at least) the failure in coordination 
of the functions involved in reading. An experimenter cannot be sure to test the 
function in the same way it is claimed in reading (the problem of dissociation / 
double dissociation and association in neuroscience), nor can she/he comprehend the 
interaction with other functions in the way which is necessary for reading.  

2.3 The specificity of the coordination process in reading  

Due to other factors besides complexity, the process of coordination of cognitive 
functions and the binding of information in reading is different than in most other 
human cognitions. To explain this, let us simply consider the visual, phonological, 
and semantic processing in terms of a vertical order of the main functions involved 
in reading (amongst others, like the analyses of orthographic and syntactic 
information, see above), and attention/coordination processes as horizontal aspects. 
No doubt, at first the visual input serves as a key to trigger a bottom-up process. 
However, this does not only run the formation of a visual representation, but rather 
generates hypotheses in terms of interacting bottom-up – top-down information 
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integration processes within and between the representational dimensions (see e.g. 
Massaro & Cohen, 1991; Massaro, 1998; contributions in McClelland & Rumelhart, 
1986). Visual information can trigger hypotheses on the semantic level (bottom-up) 
and activated semantic information can strongly influence the speed and quality of 
the creation of a visual representation (top-down). A semantic decoding can even be 
finished before a visual representation is fully completed (e.g. Stroop, 1935). Thus, 
it only makes sense to speak about a vertical order of the involved functions when 
considering the fact that visual information starts the whole process and that 
semantic decoding (meaning) is its aim.  

Of course, the well known fact of interacting bottom-up – top-down mechanisms 
is not reading specific (e.g. Vecera & Farah, 1997; see also Stroop, 1935). For 
instance, from visual recognition experiments, we know that the degree of which dot 
patterns can be associated with meaningful objects influences the recognition time 
significantly (e.g. Lachmann, 1996, Exp. 3). However, the fact that the meaning is 
coded abstractly is reading specific. Seeing a drawn table is quite different in 
comparison to decoding the meaning of the written word “table” (Zaidel, 1998). The 
visual configuration of letters (graphemes) have no meaning, they only represent 
phonemes which alone have no meaning either (exc ept one letter words). In order to 
comprehend the meaning of e.g. a word, depending on reading experience and the 
familiarity of the word (see above), we have to fixate and analyze a certain number 
of visual configurations and merge the phonemes they represent to a word, which 
represents a meaning in long-term memory. This meaning can even depend on the 
semantic context. This also requires short-term memory processes on all 
representational dimensions (on letter as well as on word level) and their quick and 
accurate coordination. Thus, reading not only requires the recognition and decoding 
of visual shapes, but also the storage and retrieval of visual, phonological, and 
semantic information from long- as well as from short-term memory (see Cowan, 
2000 for models of memory organization), and their interaction. In a way, reading 
reflects a continuing working memory process (Baddeley, 1986) as defined by 
Cowan (1997, 1998, 2000) in the sense that it reflects a collection of mental 
processes, which permit information to be held temporarily in an accessible state, in 
the service to perform some mental task.  

In this respect, it is also reading specific that in reading the bottom-up 
information from visual analyses plays a deciding role during the whole decoding 
process. Even the orientation of the grapheme may imply a different phonological 
(phoneme) code (d : p : b) and, within a word context, a different meaning (e.g. dip : 
did; doll : poll : boll). This is not the case in object recognition, which will be 
discussed in more detail in the following paragraph.  

Lachmann (2000, 2001; Lachmann & Geissler 1999) found evidence that shapes 
of different orientation (reflection/rotation in 90° increments), which were shown in 
a visual recognition experiment, were (at least within the used task demand) 
represented by the same visual code. Furthermore, the process of identification of a 
shape in a certain orientation was modeled as a memory search within that group 
code representation (Lachmann & Geissler, 2000). Moreover, it is known that 
animals as well as humans can hardly discriminate between mirror-image objects 
(Sutherland, 1957; Hubel & Wiesel, 1967; Corballis & Beale, 1970, 1993; Geissler 
& Lachmann, 1996). It was shown experimentally that the time to recognize or 
name a familiar shape or to identify a face in a visual search task does not depend on 
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its orientation (Corballis & Beale, 1970, 1993; Klatzky & Stoy, 1974; Corballis 
1986, 1988; Kuehn & Jolicoeur, 1994; Jolicoeur, Corballis & Lawson, 1998; see 
also Rock & Leaman, 1997). Furthermore, it was shown that a mental rotation or 
reflection of visual representations (Shepard & Metzler, 1971; Ruthruff, Miller & 
Lachmann, 1995) or a search within orientational alternatives (Lachmann & 
Geissler, 2000) only occurs under certain task demands (Jolicoeur, Corballis & 
Lawson, 1998; Kuehn & Jolicoeur, 1994; Lachmann, 2000). This confirms everyday 
life experience about the constancy of objects (Gestalt) in different orientations. In 
order to detect eyeglasses on a table, their orientation is not a factor as long as the 
same amount of information is available to the visual system.  

Although this sounds trivial, it is significant for reading. Consider a task that 
requires the fast naming of objects and letters (abstract code) which are shown in 
randomly varying orientation (reflection and rotation). It is easy to recognize a table 
or a house as well as a letter “T” or “x” independent of their orientation. When the 
letter “b” is shown, however, we cannot solve the task at all, because we do not 
know the orientation of the visual configuration. In other words, while visual 
representations seem, to a certain extent, to be invariant against orientations and thus 
ambiguous, the phonological code is non-ambiguous. Detailed visual information, 
including the orientation of letters, influences the whole process of phonological and 
semantic decoding. This depicts a special exertion for the coordination process by 
the need to take detailed configurationally bottom-up information into consideration 
during the whole decoding process and – most importantly - to keep this information 
in (working) memory.  

When we are looking in a mirror we might feel to get a “normal” impression of 
the environment; we even forget that it is simply a mirror-image that we perceive. It 
is no problem to put makeup on the right eye and there is no risk of combing the hair 
from left to right instead of the other way around. This effect immediately breaks 
down when we look at a newspaper in the mirror. Everything looks as strange as a 
script of foreign language. It may even be difficult to read the headlines. This 
underlines the specificity of reading in terms of abstract signs (symbols, see below). 
Furthermore, suppose you get a horizontally or diagonally mirrored image of the 
environment. In contrast to cases of vertical symmetry, this may initially produce 
estrangement and strong problems of adequate control of behavior. There is a lot of 
evidence that vertical symmetry has a special importance in human perception 
(Mach, cited in Herbert & Humphrey, 1996; Palmer & Hemenway, 1978; Masame, 
1984; Barlow & Reeves, 1979; Pashler, 1990; Lachmann, 2000, pp. 189-191; but 
see Sekuler & Swimmer, 2000). This can be seen as a consequence of behavioral 
relevance. The theoretical importance of these samples will be explained in the 
following section. 

2.4 Welcome back to Orton: Revival of an unpopular dinosaur.  

Corballis & Beale (1970, 1993) and others (see Herbert & Humphrey, 1996) argued 
that the effects of invariance of object orientation in vision, especially for vertical 
symmetry, are caused by a mirror-image generalization (mirror-image duplication, 
Beale et al., 1972) which in itself is the result of an evolutionarily indicated 
symmetrical organization of the nervous system in higher animals and humans 



T. LACHMANN 14 

(Tschirgi or Gardner, both cited in Corballis & Beale, 1970). Even though there is 
an asymmetrical tendency in terms of a hemispheric dominance in humans, brain 
functions are to a certain extent still organized in both hemispheres (Zaidel, 1998). 
There is also evidence that many (not all) callosal and commissural fibers connect 
homotopic mirror-image points of both hemispheres (Mach`s “callosal hypothesis”, 
see Herbert & Humphrey, 1996; Sperry, 1962; Cummings, 1970; Beale et al., 1972; 
Achim & Corballis, 1977; Noonan & Axelrod, 1992 Saarinen & Levi, 2000). Thus, 
just as Orton (1925) suggested, it seems reasonable to look at both hemispheres and 
their interaction with each other. In this respect, in a modification of Ortons model, 
Beale et al. (1972) and Corballis & Beale (1993) argued that a visual representation 
of a shown object, such as a letter or a word, is recorded adequately in each 
hemisphere. A mirror-image generalization, as a result of interhemispheric 
communication (Achim & Corballis , 1977; Corballis & Beale, 1970; Beale et al., 
1972), does not occur in the initial laying down of traces as supposed by Orton 
(1925), but rather with the transferee of traces from one hemisphere to the other. 
Thus, mirror-image generalization describes an effect of memory formation and not 
of visual and phonological decoding of a letter per se. In this respect, reversals in 
reading are explainable beyond Orton’s (1925) theory as effects occurring during the 
coordination process (see above) in reading. This  process includes the storage and 
retrieval of visual bottom-up information which is assumed to be represented 
symmetrically in the cortex, while the phonological representations are organized 
asymmetrically. This induces confusion because different phonological codes (“bee” 
vs. “dee”) might be appropriated to the same visual representation (b = d) in 
memory. Thus, in correspondence with Orton (1925), reversals are assumed to be an 
effect of labeling (see also Bigsby, 1986). However, in contrast to him, they are seen 
as a memory effect. This especially explains reversals in writing. According to this 
approach, an important factor in learning to read is the suppression of mirror-image 
information (of graphemes), or in other words, their connection to the phonological 
label. This can be ensured by a hemispheric dominance and a shift of magnitude of 
the representation between the hemispheres, such as a stronger visual record in one 
hemisphere, which leads to a stronger reversion in the other. Still, both orientations 
represent the stimulus shown, but there will be a stronger connection between the 
label and that part of the representation which reflects the configuration in its 
original (physical) orientation. We can assume that hemispheric asymmetry is not 
only a phylogenetic (evolutionary) but also an ontogenetic (developmental) stage 
(e.g. Biyasheva & Shvetsova, 1993). An impairment in the development of 
hemispheric dominance or the pattern of interhemispheric communication in 
general, results in a deterioration of the coordination process. Since bottom-up 
information cannot be used adequately, there will be either a need for more time 
and/or a higher probability of reversals in reading and writing.  

2.5 Symmetry-generalization in memory 

There is a question that still arises regarding the model of mirror-image 
generalization: How can non-vertically symmetrical reversals be explained? First of 
all, it should be said that it is not the purpose of this chapter to defend Orton or any 
modification of his model. Rather, it is intended to emphasize that reading describes 
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a complex cognitive technique which requires the coordination of multiple functions 
and the very quick and accurate integration of information within and between 
different perceptual and representational levels. From this point of view, a differing 
interhemispheric communication, and thus a difference in binding symmetrical and 
unsymmetrical represented information, becomes important. More generally, the 
deterioration of the coordination of visual and phonological information represented 
in working memory, can be seen as one reason for a failure in reading. In principle, 
this also holds for non-vertical symmetry. Even though we are arguing that mirorr-
image generalization occurs in memory, experiments on symmetry detection can be 
helpful to understand how symmetry of different orientation is represented in the 
brain. It was shown that the relative advantage of vertical symmetry in comparison 
to symmetries at other orientations disappears when the pattern is presented away 
from the fixation point (e.g. Bornstein & Krinsky, 1985; Herbert & Humphrey, 
1996; Wenderoth, 1995). This finding substantiates the original callosal hypothesis, 
but it also suggests that there are additional mechanisms (not specifically explained 
by the authors) for detecting non-vertical symmetry, as well as for detecting vertical 
symmetry away from the point of fixation. For instance, Palmer & Hemenway 
(1980; Bornstein et al., 1981; see also Wenderoth, 1995 and contributions in 
Lockhead & Pomerantz, 1994) have shown that there is not only an advantage for 
vertical symmetry, but also, albeit a smaller one, for horizontal symmetry, relative to 
diagonal symmetries. Results by Lachmann (2000, pp. 188-193; Lachmann 2001 in 
preparation) confirm such effects for a task that involves working memory. His 
subjects had to judge two successively presented dot-patterns (as used by Garner & 
Clement, 1963) as same not only when they were identical (repetition) but also when 
they were symmetrical to another (transformationally related by rotation in multiples 
of 90° or reflection on any axis, producing vertical, horizontal, and oblique 
symmetrical pattern pairs), and as different otherwise. The reaction times (RT) 
found for same responses followed a linear function; performance was fastest for 
identical patterns, followed by vertically, horizontally, and lastly diagonally 
symmetrical patterns. In some cases (patterns with imaginary straight lines), there 
was no RT difference at all between identical patterns and patterns that were 
vertically symmetrical to each other (see also Klatzky & Stoy, 1974 for picure 
matching), while the RT for other symmetries still followed the linear trend. 

Basically, there is theoretical and experimental support for the argument that the 
visual representation of a stimulus configuration in memory is to a certain extent 
invariant against any reflection. Therefore, we should use the term symmetry 
generalization with the understanding of mirror-image generalization as a special 
mechanism which prevails in the evolutionary stage of a vertically symmetrical 
organization of the nervous system. Admittedly, we do not have a physiological 
model, such as the callosal transfer for vertical symmetry, to explain an overall 
symmetry generalization. At least in the context of Hebb’s theory (1949) of neuronal 
representations, it could be argued that a memory unit (engram), represented by a 
neuronal cell-assembly which is activated by a perceived object, consists of neurons, 
the majority of which are identical to those of the assembly, which would have been 
activated by a symmetrical version of that particular object. Such an overlap of 
assemblies (which can also be assumed for phonological representations, 
Pulvermüller, 1996), may be a result of their frequently synchronized activation (in 
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the sense of Hebbs theory), and thus depend on the behavioral relevance of the 
orientation of the symmetry.  

Bornstein and his colleagues (1981, 1985) showed that four month old infants 
have no preference for symmetry at all, but process vertically symmetrical stimuli 
faster than others, whereas 12 month old infants prefer vertical symmetry to 
horizontal symmetry and asymmetry. This pattern of results, as well as results 
mentioned earlier, suggest that the special role of vertical symmetry might indeed be 
a consequence of the symmetrical organization of the cortex (or vice versa) and 
interhemispheric communication (callosal transfer), which leads to a faster 
performance but not to a preference of vertical symmetry in newborns. However, the 
advantages of other symmetries and the preference of vertical symmetry in older 
infants could be explained as a learning effect, the graded character of which results 
as a consequence of behavioral relevance. Regarding the hypothesis that the 
evolution of the nervous system can be described as a progression from spherical to 
radial to bilateral symmetry and finally to asymmetry (e.g. Tschirgi`s 1958, cited in 
Corballis & Beale, 1970) and considering that this progression reflects in some 
respect also the (ontogenetic) individual development, we could also assume a 
genetic based predisposition for learning symmetry generalization and its graded 
orientation preference1.  

2.6 Reversals as an effect of symmetry-generalization in reading 

 
Symmetry generalization, especially mirror-image generalization, warrants a 

significant advantage for visual processing of objects (and scenes) and consequently 
for behavior, not only of humans, but also of higher animals. Thus, it is strongly 
related to the architecture of the nervous system and its evolution. However, 
language (and thus reading) seems to be unique for humans (Chomsky, 1959; 
Bierwisch, 1999; but see also Byrne, 1995 for discussion) and related to a specific 
tendency towards the development of asymmetrical functions in the human cortex2. 
As mentioned earlier in this chapter, the visual processing in reading (as well as the 
auditory processing in spoken language) is different than the processing of visual 
object information (or auditive environmental signals). Letters, words, sentences, 
numbers, punctuation marks, etc. have no direct behavioral relevance; their meaning 
is coded abstractly. What we perceive within a text are symbols. Consequently, both 
the evolutionary and individual development of language, and thus of reading, imply 
symbolic representation (in addition to associative learning, Chomsky, 1959; Byrne, 
1995; Klix, 1985; Klix in this volume). The processing of letters (or words) as visual 
icons requires the internal representation of rules which guarantee its 
desymbolisation, and thus making the icon into a symbol (cf. Deacon, 2000). A 
hebrew letter means nothing to a German, and thus is not a symbol to him, as long 
as he/she has not learned its correspondence to a certain sound or meaning. In this 
respect, the technique of reading can be characterized as a highly automated 
desymbolization process. While symmetry generalization is beneficial to vision 
directly related to behavior, it is detrimental for vision as part of a symbolic 
processing such as reading, especially if symmetrical counterparts of visual symbols 
are related to different sounds or meanings. However, this does not implicate that 
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there has to be a separate visual system for reading. Instead, the evolutionary as well 
as the individual development is mostly characterized by a differentiation of already 
existing functions. We suggest that a part of the visual differentiation required for 
reading is the supression of symmetry-generalized representations of visual icons in 
working memory as a precondition of an automated desymbolization process. The 
development of this visual differentiation has to take place in the early non-
alphabetic phases of reading acquisition (before letters function as symbols; cf. Ehri, 
1999: pre-alphabetic & partial alphabetic phase) and is accompanied by typical 
mistakes, including reversals, made by children learning to read. Therefore, not a 
dysfunction of the visual system, rather an incomplete functional specification or its 
developmental delay hinders the fast desymbolisation process (consolidated 
alphabetic phase, cf. Ehri, 1999). Consequently, reading as a process of coordination 
of parallel operating functions and fast integration of non-ambiguous information 
will be impaired. This explains not only reversals but also other errors reflecting a 
general deterioration of the coordination process. 

3. ABOUT SOME MISUNDERSTANDINGS: INTERIM SUMMARY AND 
CONCLUSIONS 

To summarize at this point, we do not assume, just as Orton (1925), Corballis & 
Beale (1993), and others (see Willows & Terepocki, 1993) did not assume, that 
reversals are a result of a visual deficit in the sense that a reading disabled person 
cannot see the configuration of the letter “b” as what it is. However, even (or maybe 
especially) in contemporary literature, reversal research is often characterized as 
visual deficit research, and reversal errors are described as “perceiving letters and 
words as reversed forms” (Vellutino, 1998). This may reflect some ambiguities 
about the terms “visual” and “perceptual” and the resulting misunderstandings. As 
argued earlier, we assume that reversals occur in memory and not in perception, due 
to the deterioration of the fast integration of phonological and visual information in 
working memory. Some authors (e.g. Vellutino, 1987), however, argue that reversals 
are “usually blamed on defects in visual perception”. This is simply not true, not 
even for the original theory of Orton (1925) who emphasized that strephosymbolic 
children have no “visual deficit in the ordinary sense” and can see just as well as 
others (1925). The diagnosis of strephosymbolia even implies by definition that the 
performance on the basis of the assumed first two levels of visual processing, such 
as visual recognition, is not impaired. The names “visual word center” 
(Hinshelwood, 1917) or “visual associative level” (Orton, 1925) might contribute to 
such misunderstandings. However, as we argued earlier in this chapter, the term 
“visual” was used in the context of an assumed seriality of visual perception, visual 
recognition, and sound and meaning association, realized within a type of word-
reading system which is a part of the visual cortex. In this respect, Vellutino (1977) 
would be in agreement with Orton (1925) when he argues that reversals in poor 
readers are not caused by visual perceptual deficits, but rather by the “difficulty in 
establishing visual-verbal relationships” (pp. 337). This becomes especially clear for 
reversals in writing (e.g. examples in Orton, 1925, or in Willows & Terepocki, 
1996). Reversals are neither assumed to be a poorly visual phenomenon, nor do they 
reflect a perceptual deficit. In fact, there are numerous theories of visual perceptual 
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deficits in disabled readers (Stanley & Hall, 1973, or Young & Lindsley cited there; 
Badcock & Lovegrove, 1981; Lovegrove et al., 1986; Lehmkuhle, 1993; 
Breitmeyer, 1993 for review; Becker, Lachmann, Elliott & Mueller, 2001), but they 
cannot be seen as following in the direct tradition of Hinshelwood, Morgan or Orton 
at all. At this point it becomes clear that the comparison and interpretation of the 
large amount of data that has been collected, and the evaluation of the theories that 
have been developed over the last century, imply an agreement of the concepts that 
are discussed and the consideration of several questions to be introduced in the next 
section. 

4. THE INCONSISTENCY OF RESULTS IN READING DISABILITY 
RESEARCH  

4.1 The conditions for interpreting experimental results in reading disability 
research 

 
The sample size (N) of the experimental groups of normal readers and readers 

defined as dyslexic may dramatically influence the significance of the experimental 
results. A study that rejects the importance of reversals due to the null-finding in a 
disabled reader sample of N=10 may not be acceptable for someone who is favoring 
a multicausal approach. Moreover, in order to compare and interpret the variety of 
experimental results published concerning the discussion about the significance of 
reversals for reading disability, more generally the causal role of visual versus 
phonological deficits, it is necessary to consider at least the following questions: 
 
- What definition for reading disability is used for sample formation? 
- What function(s), assumed to be important for reading, does the experimental 

task require? 
- What methods are used to investigate the function(s)? 
 
We introduced the term functional fragmentation (see above) to describe a kind of 
dilemma of experimental reading research. In this respect, we argued that on one 
hand reading is already a performance and its pattern can be used to distinguish 
between reading disabled and normal readers. On the other hand, it was argued that 
in order to investigate the origin of the difference in performance between reading 
disabled and normal readers, the experimenter has to test separate functions which 
he assumes to be substantial for reading. However, there is a controversial 
discussion in the literature about both aspects which are strongly related to the 
definition of dyslexia and the question whether or not dyslexia is special to a general 
reading disability (we did not use the term dyslexia above, because of this 
controversy, see also Stanovich, 1994). This dissension is one of the reasons for 
contradicting results and interpretations in experimental reading disability research, 
because it leads to different criterions for distinguishing subpopulations of normal 
readers and dyslexics, or of normal, poor (backward), and dyslexic readers for the 
experimental design. Furthermore, it constitutes the selection of functions to be 
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tested. The definition of developmental dyslexia or general reading disability, and 
thus for creating an experimental subgroup (we do not account here for acquired 
cases) rests either upon symptoms, i.e. observable and measurable characteristics of 
reading (and writing) performance (e.g. reversal errors, Orton, 1925; reading tests), 
etiological assumptions (e.g. temporal integration of auditory information, Tallal, 
1999; see also Merzenich et al., 1996; cf. Farmer & Klein, 1995; e.g. phonological 
deficit, Snowling, 1998; e.g. proximal versus distal causes, Coltheart & Jackson, 
1998), including uni- versus multi-causality (see Snowling, 1998; Miles, 1995; 
Siegel & Ryan, 1989), or education and treatment results (e.g. persistence despite 
education in school, cf. Tonnessen, 1995; for general overview see Miles, T. R., et 
al., 1999, Miles, E., 1995, contributions in van den Bos et al., 1994).  

4.2 The discrepancy criterion and the definition of dyslexia 

 
One of the main points of critique about the definition of dyslexia (as well as 

about the definition of other learning disabilities) is the so-called discrepancy 
criterion (e.g. Toth & Siegel, 1995; Siegel, 1989, 1992; Tonnessen, 1995; Snowling, 
1998; Miles, et al., 1999; see also the chapter of Jiménez in this volume). This 
criterion relies on an assumed disparity between expected and actual achievement in 
reading which is not caused by diagnosed organic deficiencies in vision or hearing. 
In this respect, reading disabled are identified in the majority of the literature by a 
tested reading performance which is two years (or more) below what is expected 
from their potential. But how should this potential be determined? It could be done 
with a comparison to either an age-matched or grade-matched reference population. 
In principle, both the degree of general development and the degree of instruction to 
/ experience in reading must be regarded in this comparison in order to estimate the 
reading potential of an individual or a subgroup. However, this is not always 
possible. In Germany, for instance, students diagnosed with a difficulty in learning 
to read have the chance to attend a special class after second grade where they repeat 
the curriculum of the second grade. Therefore, age-matched samples of normal 
reading and reading disabled students may differ in their level of reading instruction 
(and vice versa, Brendler & Lachmann, 2000; Lachmann & Brendler, in 
preparation). Moreover, estimating the reading potential by comparison to a 
reference population introduces further problems in diagnosing: adolescents, adults 
(for grade- and age-matching, controlling the amount of reading experience, etc.), 
students with different cultural or regional backgrounds, students with different 
curricula and teaching methods, students with general developmental delays or 
learning disabilities, students with attention, motivation, or emotional problems, etc. 
The common definition of dyslexia (e.g. World Health Organisation) tries to account 
for these factors by implying that the discrepancy occurs in spite of conventional 
instruction, comparable socio-cultural opportunity, and – most importantly - 
adequate cognitive abilities reflected by general intelligence. In other words, the 
reading potential is estimated by a comparison of reading performance to both that 
of a reference population (of same age, grade, educational and socio-cultural 
background, etc.) and an individuals general cognitive ability. Therefore, the 
standard classification systems (e.g. International Classification of Diseases of the 
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World Health Organisation; World Federation of Neurology) require normal scores 
on standardized intelligence tests for the diagnosis of dyslexia. Most of the criticism 
about the discrepancy definition is based on the latter assumption because it implies 
that the diagnosis of dyslexia directly depends on measures of intelligence (e.g. 
Stanovich, 1991; Toth & Siegel, 1995; Tonnessen, 1995; Fletcher et al., 1998; 
Jiménez & Rodrigo, 1994; Vellutino et al., 2000; see also the chapter of Jiménez in 
this volume). Besides the fact that intelligence is in some respect a "fuzzy concept" 
(cf. Gustafson & Samuelsson, 1999) and also can only be estimated by a comparison 
to a reference population, this leads to a distinction between dyslexics / specific 
reading disabled (fitting the definition) and poor (backward) readers (Rutter & Yule, 
1975). Even though the latter group may read at the same level as dyslexics of the 
same age, they are not defined as such, because they are not expected to read better. 
For the justification of such a distinction, there is mixed empirical evidence 
(Vellutino et al., 2000; Toth & Siegel, 1995; Siegel, 1992; Coltheart et al., 1998; see 
contributions in van den Bos et al, 1994 for review) and theoretical argumentation 
(independence of intelligence and reading, e.g. Siegel, 1989), and there is a 
considerable amount of literature suggesting that reading disability should be 
defined by a discrepancy in underlying skills (naming-speed, phonological memory, 
e.g. Ho & Lai, 2000, Ho et al., 2000) and etiological factors instead (see above; e.g. 
Siegel, 1992; Toth & Siegel, 1995; Snowling, 1998; Miles et al., 1998; Uhry, 1993, 
and in this volume; see also Coltheart et al., 1998). However, this is seen as almost 
impossible by others, regarding the present state of knowledge (Tonnesson, 1995). 
Some authors even argue that dyslexia, as a highly specific condition, cannot be 
defined in any agreed way (see e.g. the dispute between Presland, 1991 and Miles, 
1991).  

The discussion about the definition of dyslexia was outlined here in great detail 
not in order to take sides, but rather to point out that this dispute reflects a reason for 
contradicting results in experimental reading disability research, including the 
controversy about the significance of reversals in reading disability. The variety of 
definitions leads to different ways of sample formation (e.g. based on symptom 
principle), different selection of functions to be tested (e.g. based on etiology 
principle), varying evaluations of the teaching effects, varying experimental 
methods, and even a different way of data interpretation. The term “poor readers”, 
for instance, is not always used in the literature to distinguish this group from 
“dyslexic” children. For example, in the paper of Willows and Terepocki (1993), a 
review of reversal research, the terms “dyslexic readers”, “disabled readers”, and 
“poor readers” are used synonymously and contrasted with “normal readers”, or 
“average readers”, matched according to age and cognitive ability (although they 
mention that neuropsychological models use a distinction between dyslexic and poor 
readers, which may be irrelevant beyond clinical studies, pp. 42). That is why not all 
of the reviewed papers are really comparable (which the authors themselves 
conceded). Extreme cases representative of the problematic conditions will now be 
explored: the work of Orton (1925), who assumes reversals as cardinal symptom in 
dyslexia, the work of Liberman et al. (1971), which is often cited in the literature as 
evidence against the significance of reversal errors and as a turning point from 
neurological to linguistic based models in reading disability research, and the work 
of Fischer et al. (1978), a follow-up study to Liberman et al. (1971; for further 
review of reversal studies see Willows & Terpocki, 1993). 
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4.3 Revisiting classical studies 

 
The study of Liberman et al. (1971) was aimed directly at testing Ortons (1925, 

1929a) theory of anomalous cerebral dominance as the universal cause for 
developmental dyslexia (see above) experimentally. In this connection, the 
investigation was concentrated on the analyses of the proportion of reversal errors to 
other errors (Ortons secondary symptoms), especially of the relation between errors 
based on optical (reversals) and on linguistic properties (vowel and consonant 
errors), and of the relationship between reversals of sequence (kinetic reversals) and 
reversals of orientation (static reversals). The experimental subgroup of poor 
readers, the lower third (18 students) of the second grade of an elementary school, 
was defined by their performance (measured error rate) in reading a list consisting of 
60 monosyllabic words, including primer-level sight words, non-sight words, and 
words where reversals (both types) were possible and not possible (e.g. get, was, 
bed, bet, not, pin). The remaining 36 students were counted as normal readers (age 
and IQ matched samples). Two students were excluded from the sample because of 
speech impairment. This should be mentioned because Orton later emphasized that 
reading/writing and speech impairments are strongly related to each other and may 
be ascribable to the same cause, an anomaly in cerebral dominance (Orton, 1937). In 
addition to the word list, all students had to perform the Gray Oral Reading Test and 
a matching task, where a given letter was to be matched to one out of a group of 
five, four of which were reversible. The results were analyzed for the whole 
population as well as for poor and normal readers separately. Liberman and her 
colleagues found a significant correlation between the total performance in the 
reading test and the more artificial task of reading monosyllabic words in isolation. 
This may reflect a stage in reading development which is based on scanning 
syllables rather than larger chunks of text. The main results the authors found were:  

1 nearly all of both kinds of reversals were done by the poor reader group; 
2 vertical b-d confusion (which they called horizontal transformation) 

occurred with as great frequency (10.2 in average for both directions) as b-
p confusion (11.4 in average for both directions), while both confusions 
obviously occurred more often than d-p confusion (1.1) as well as 
confusions of b, d, and p with g (0.9 in average for both directions);  

3 for static reversals the presence of equivalent shapes within the alphabet is 
important, and the reversibility of a letter is not by itself a sufficient 
condition for confusion; 

4 normal readers as well as poor readers made less reversal errors than other 
errors (error percentages according to the opportunities of occurrence in 
poor readers: 6.3 kinetic reversals, 12.7 static reversals, 16.3 consonant 
confusion, 26.8 vowel confusion; error percentages according to the total 
number of errors in the same sequence: 10, 15, 32, 43); 

5 within the group of poor readers, individual differences were larger and test 
- retest reliability was lower for reversals in comparison to vowel and 
consonant errors, indicating that reversals do not reflect a constant 
proportion of all errors as is expected from assuming them to be cardinal 
symptoms; 
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6 static and kinetic reversals in poor readers were found to be uncorrelated to 
each other and both types were correlated with other measures, such as the 
reading test, in a different way. 
 

These findings were counted as evidence for the importance of linguistic 
determinants in reading problems and against the theory of strephosymbolia as a 
consequence of hemispheric imbalance reflected by reversals (Orton, 1925). 
However, these results are representative for the lower third of a regular second 
grade class only, and not for dyslexics, not for strephosymbolics and not even for 
poor readers. Orton was confronted with students sent by their teachers or parents 
because they were failing to learn to read. He (1929c) identified two to four percent 
of this students as strephosymbolic children by measuring the degree of reversal 
errors. That is why the results of Liberman and her colleagues are not sufficient to 
disprove Orton’s concept of developmental word-blindness. The merit of their work 
consists much more of a stronger emphasis on linguistic aspects in understanding 
reading disability. The publication can in fact be counted as a milestone in reading 
disability research, but not as evidence against the significance of reversals in 
general. In a follow-up study, published by Fischer, Liberman & Shankweiler 
(1978), the performance of the students described by Liberman and her colleagues 
was compared to that of dyslexic children, as defined by the discrepancy criterion 
(retardation of at least 18 months in Gray Reading Test performance), of the same 
age and intelligence. The authors could show that while both groups performed 
almost equally in the reading test, the dyslexic group (smaller data set) made 
significantly more errors in the Word List Test. However, these errors were 
relatively made in the same proportion as by the poor readers group (error 
percentages according to the opportunities of occurrence: 8.3 kinetic reversals, 11.4 
static reversals , 32.9 consonant confusion, 40.3 vowel confusion), underlining the 
importance of linguistic aspects for the error rate. In contrast to the poor readers, the 
dyslexic children performed more consistently in their reversal errors and both kinds 
were significantly correlated (in contrast to findings 5 and 6 of poor readers, see 
above).  

4.4 Old results with a new perspective 

 
The results of Liberman et al. (1971) and Fischer et al. (1978), that most of the 

errors done by poor readers and dyslexic children are consonant and vowel errors 
rather than reversals, allowed some doubts about the secondary character of 
linguistic errors to emerge, even though Orton never denied their frequency and 
importance (maybe today, he would term reversals as linguistic errors, 
understanding the distinction only as an etiological one, see above). Besides the fact 
that there would be a considerable change in the pattern of results of both studies 
when disregarding the debatable reversibility of the letter “g” and regarding the 
letter “q” instead, there is still the question of whether or not dyslexic students, as 
defined by Fischer et al., are comparable to strephosymbolic children (defined by 
reversals plus discrepancy criterion). On the other hand, both studies showed that 
nearly all of the reversals were done by the poor readers and the dyslexic group, 
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suggesting that reversals are in fact significant for reading problems. Within the 
context of the introduced multicausal model which explains reading disability as a 
failure in functional coordination and information integration, the complete pattern 
of results is well explainable, beyond the unicausal model of Orton. For a certain 
subset of the dyslexics (poor readers), the reading problems maybe caused by a 
symmetry generalization which is inappropriate in reading and hinders a non-
ambiguous association between the visual and the phonological representation of a 
letter, and thus a quick and accurate desymbolization. To conclude, according to this 
model it is in fact expected that: (1) the majority of reversal mistakes are made by 
dyslexics; (2) there occurs not only mirror-image confusion but also a confusion for 
all forms of symmetry; (3) within a context, such confusion depends on the 
existence of equivalent letter shapes; (4) only a subgroup of the reading disabled 
show an accumulation of reversals, and vowel and consonant confusion occurs more 
frequently in reading disabled as well; (5) the dyslexic group makes reversal errors 
more consistently than the poor reader group; (6) depending on the formation of the 
reading disabled group, there may or may not be a correlation between static and 
kinetic reversals. Consequently, while Liberman et al. and Fischer et al. are often 
cited as evidence against the significance of reversals for explaining a failure in 
reading, the same results may be interpreted in support of their significance when 
employing a different etiological model for their occurrence. Moreover, the 
theoretical background also determines the understanding of a reversible letter (e.g. 
letter “g” may diminish the reversal error rate) and the selection of functions to be 
tested (e.g. phonological confusion). If the authors of both studies had tested their 
subjects only for reversals, then the same pattern of results could have been 
interpreted as evidence for the cardinal importance of reversals in explaining reading 
disability (see e.g. Patton et al., 2000). Furthermore, the dependency of results on 
the definition of reading disability (poor readers versus dyslexics versus 
strephosymbolics) becomes clear.  Most important in this respect as well as for the 
interpretation of the results, is the unicausal versus multicausal orientation of the 
underlying model. This also regards the problem of the functional fragmentation in 
experimental reading disability research (see above). In this respect, it appears more 
reasonable to test the significance of reversals for reading disability by analyzing the 
reading performance first. If there is a subgroup of reading disabled children which 
can be identified as performing in reading and writing with a significantly higher 
proportion of reversal errors (strephosymolic children), then this subgroup should be 
analyzed further to investigate the nature of these mistakes experimentally (cf. 
Lachmann and Brendler, in preparation; Brendler & Lachmann, 2001). However, 
there are further aspects that have to be considered for such an investigation. As 
representatives, some of these aspects will be discussed in the following paragraph. 

4.5 Further conclusions 

 
Once again, the theoretical approach determines the experimental design and the 

interpretation of the results. If reversals are assumed to be a visual effect, e.g. they 
are supposed to reflect a general deficit in visual space perception and orientation 
(Goins, 1958; see Willows & Terepocki ,1993, for a general review and Terepocki et 
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al, cited there), then the researcher may compare the performance of poor readers (or 
dyslexic children) and normal readers, for instance, using an orientation task 
involving nonalphabetic stimuli. However, for testing a model that assumes 
reversals as occurring within the association between the visual and the 
phonological representation (for instance, the concept of strephosymbolia, mirror-
image or symmetry generalization), the null-finding in such studies is non-decisive. 
Moreover, a significant difference found between the reader groups in such cases 
would even question an explanation of reversals as occurring in symbol-sound 
coding, unless the framework is multicausal, as that of the functional coordination 
deficit. Numerous experiments were done to study the nature of reversal errors by 
involving verbal material (such as the Liberman et al. study, see above). However, 
they differ strongly in their experimental design. A verbal labeling was either 
possible or required to perform the task (cf. Bigsby, 1985). Isolated letters were 
exposed for different durations to be named or reproduced, or to be compared with 
other letters in varying orientations or name codes, presented either simultaneously 
or with a certain delay (e.g. Corballis et al., 1985; Bigsby, 1985; Brendler & 
Lachmann, 2001; see Witruk et al. in this volume). However, for the justification of 
the assumption that reversals are caused by a failure in the integration of (symmetry-
generalized) visual and phonological information represented in memory, it is 
crucial to consider if the task requires perception, recall or recognition and on what 
degree an information integration is required. This also holds true for studies using 
nonwords, which represent a lower degree of functional fragmentation. For instance, 
in order to test the nature of orientation errors, and the visual deficit hypothesis in 
general, Vellutino et al. (1972; Vellutino, 1979) compared disabled and normal 
readers in their ability to reproduce visual presented nonwords (amongst other 
items) graphically and orally (naming). The fact that the performance of poor and 
normal readers was comparable in the graphic reproduction but significantly 
different in naming, was interpreted as evidence for the linguistic rather than the 
perceptual nature of reading disability in general. Again, such results may be used as 
an argument against an unicausal specific visual recognition deficit in reading 
disabled. However, they can neither be availed to argue generally against the 
significance of reversal errors for reading disability (as often done), nor be used as 
evidence against visual components leading to a failure in information integration in 
reading disabled students. One of the main messages of this chapter is that the 
question about visual deficits in reading disabled children is not identical to the 
question about the significance of reversal errors in reading disability.  

4.6 Short summary 

 
A big lack in the discussion about the nature of reading disability and its 

remediation exists due to an absent conceptual agreement, which finally leads to an 
incompatibility of experimental results and their interpretation. Reading disability 
was explained as a deficit in functional coordination resulting in a failure of the 
integration of information in a degree of speed and accuracy required for reading. 
The problem of functional fragmentation was introduced, according to which results 
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of testing a single function may not necessarily be meaningful in order to conclude 
on a process that coordinates multiple functions.  
 
 

5. NOTES 

 
1 To speculate, as we know from mental rotation research (Cooper, 1976; Shepard & Metzler, 1971; 
Ruthruff, Miller, & Lachmann, 1995), the decision whether or not objects of varying orientations are 
mirrored requires no mental transformation if the objects are rotated less than about 30° from upright 
position. Regarding this, if in both hemispheres there is a vertically mirror-image generalized 
representation, then an additional symmetry generalization in memory (horizontal and diagonal 
reflection) would include the representation of any rotational orientation (max. distance 22.5° to the next 
representation).  
 
2 Arguments for a uniqueness of the human brain and the relation to the development of consciousness, 
thought, and a theory of mind will not be discussed here in detail; see e.g. the contributions in Corballis & 
Lea, 1999, Byrne, 1995, and the chapter of Klix in this volume. 
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