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The term “reading disability” [RD] is characterized by the failure to develop reading skills at an age-

appropriate level, in spite of normal intelligence, adequate instruction in reading, appropriate motivation, and a%%

S

of any overt neurological handicap (Pugh, Mencl, Jenner, Katz, Frost, Lee, Shaywitz, & Shaywitz, 2000; .,’\\% S,
MacPhie, & Monaco, 2002). In educational terms, reading is most frequently viewed as a cognitive p ,Qand is
often treated as such when difficulties arise in students. Cognitively speaking, reading is a multiceu%ﬁﬂent process
(Francks et al., 2002) in which a subject receives visual input and processes and decodes it f <>graphy,
phonology, meaning and context. As valid an explanation as this is (however cursory) %ent methods of
assessing RDs are insufficient to diagnose root causes (Francks et al., 2002). In oth@ a student’s
performance on a test of single-word-reading ability may confirm that he does RD, but it does not explain
why or how the disability came to be. An alternate approach to studying the@s of reading and its associated
disabilities is to view it from the biological standpoint.

The neurobiologist examines what physiological functiong or structures fuel these cognitive processes.

Reading-related cognition has been linked to high activation ical regions in the left hemisphere, some of

which have been identified as integral to language proces Francks et al., 2002). Sensorimotor coordination
comes into play when the eyes progress along a line oﬁext and chunk the visual stimuli into words. The stimuli
travels through the retina, to the primary visu c@, and then on to the aforementioned regions of the brain
(Francks et al., 2002). If researchers have bele to identify physical regions of the brain that aid in reading and
language development, could that rese% be furthered in search of remediation or prevention?

Studying reading disabilit@ a neurobiological perspective is important because it provides a tangible
realm of study for diagnosis, @cﬁmediation, of these disabilities. Researchers attempt to identify root causes of
these disabilities and ca l@evelop measures to prevent them from occurring in other children, rather than
merely confirming t isténce of a disability within the paradigm of “hypothetical cognitive constructs” (Francks
et al., 2002, p. gSS@hile RDs can be caused by a number of external factors ranging from comorbid visual

processin p@ns (or simply poor eyesight) to trauma to the brain, there is a sizeable body of evidence pointing

to gene@ obiological, and prenatal factors involved in the development of reading disabilities.

Q®
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Hereditary and Genetic Factors
A genetic basis for learning and reading disabilities has been positively established. In twin studies, %
monozygotic twins are more likely to display common heritable traits than dizygotic twins (Francks et al., 2002),

since monozygotic twins share twice as many genes as dizygotic twins. Twin studies focusing on the@élhty of

reading disorders have demonstrated that if one monozygotic twin has an RD, the likelihood of the%hﬁr twin

having a similar disability is 68 % (Fiedorowicz, 1999); dizygotic twins retain a 40 % rate of, on RDs

&
(Fiedorowicz, 1999). These RDs are believed to be transmitted on the genetic level, m o' @ﬁcantly on
chromosome 6 (Fiedorowicz, 1999) and 18 (Francks et al., 2002). By itself, chrom has only shown weak
(low significance) linkage results to sample groups, but it retains some importzﬁ'%%ause of the role it played
with chromosome 18 in demonstrating the two strongest linkage signals in @ of 195 sibling pairs affected by

dyslexia (Francks et al., 2002). Francks et al. (2002) also cite chromg, 2,3, 13, and 15 as having weak, but

to date underexplored, influence on reading ability. S

Fiedorowicz (1999) also references broader studies o milial transmission of reading disabilities,

which have provided evidence that RDs tend to run in fa Francks et al. (2002) supply a caveat to Fiedoro-
wicz’s claim, stating that the passing on of dyslexia, p%?bably the most common RD, does not segregate and follow
a typical Mendelian pattern of dominant/reces 'V@asmission to offspring. Francks et al. (2002) posit that as
genetic relatedness to a dyslexic increases, t t@ ility to perform reading-related cognitive tasks decreases. In other

words, the closer one is related to some% ith dyslexia, the more likely one is to also have an RD. According to

the researchers, this suggests that t@nay be several underlying genetic factors at work in influencing the

development of an RD in a de@&mg human.

@ Brain Development

Provided thatinva given zygote, no genetic predisposition to RD was passed on, RD can still manifest itself
in the physical gement of the brain. The brains of people with RDs and people without RDs have long been
compared to @10&161‘ in an ongoing effort to determine what, if any, causal or correlative links exist between

brain p@%y and RD. While this is by no means a new technique (Fiedorowicz, 1999), it has evolved from its

ori' i@ate.
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One method of comparing brain structures is through postmortem examinations. Although this is a fairly
superficial method of comparison, it provided the first tangible clue that there may be a connection between br%
structure and RD, and certainly inspired researchers to delve deeper, in methods to be discussed later. Fied@;cz
(1999) notes that according to postmortem findings, brains of people without RD were asymmetrical, @Qnion
which is considered to be quite normal. In this asymmetry, the temporal lobe in the left hemisphez%ﬁ found to be

%
larger than the temporal lobe in the right hemisphere. Brains of people with RD, typically dy. , have temporal

lobes that are of equal size or possibly reverse asymmetry, in which the left temporal 1 .'. @ﬁaller, not larger,
C

.

call attention to the corpus callosum in people with RD. The corpus callosum 1@@ shallower and narrower in

than the right (Wiertelak, Whitcomb, Winer, Tobin, Nguyen, Cooper, & Beise, 200 ertelak et al. (2003) also
brains of people with RD, and there is little separation between the hemisph@which allows for greater
interhemispherical activity (Wiertelak et al., 2003). These, and other :5;1 abnormalities in brains of people

with RD, all relate to perceptual deficits, specifically in phonology Withyregard to impaired coding (Wiertelak et al.,

2003).

Medical and technological advances have allowe archers to move beyond examining the exterior
structure of the brain and turn to the interior; speciﬂc:f%@r, neuronal activity. Disruptions in the range of neural
systems used in reading have been found to h e@mber of specific effects, ranging from simple sensory
impairments to deficits in complex cognitive@tloning (Francks et al., 2002). Fiedorowicz (1999) describes the
many ways researchers have examined e8ystems, using electroencephalograms [EEGs] and event related
potentials [ERPs] to gauge electri 1Vity in the brain and several different functional neuroimaging techniques
to measure brain activity by o ing blood flow to different parts of the brain while a subject is engaged in an
activity, like reading. Fi cz (1999) indicates that single photon emission computed tomography [SPECT]
scans, for example, strate that subjects with RD show underfunctioning in the occipital lobe while reading.

Through f@onal neuroimaging, Pugh, Mencl, Jenner, Katz, Frost, Lee, Shaywitz, & Shaywitz
(2000) were @N» draw some specific parallels between neuronal activity (or lack thereof) and RD. In one trial,
Pugh et 0) used a functional magnetic resonance imaging [fMRI] scan to observe brain activity in both RD

subjects as they performed various tasks that placed demands on the aforementioned cognitive
conz

cts of visual-spatial processing, orthographic processing, phonological assembly, lexical-semantic
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processing, and simple phonologic analysis. Their findings mirror the suggestion of Fiedorowicz (1999): non-RD
readers showed a “systematic increase in activation as orthographic-to-phonologic processing demands increas%&\ﬁ
while RD readers failed to show such systematic modulation in their activation patterns in response to the ask
demands” (Pugh et al., 2000, p. 210). As phonological demand increased on RD readers, more activit %ﬁ?oted in
the inferior frontal gyrus and other frontal lobe areas. Pugh et al. (2000) propose that this re—assigm'%j»f neural

duty, so to speak, occurs on several levels in RD readers, and becomes a sort of vicious cycl "i\v ich an already

weak occipito-temporal system is made weaker by the continued disruption in tempor !@ functioning. In
more observable terms, although the RD brain attempts to compensate for existing ’(\' &sses by redirecting
efforts to the inferior frontal gyrus, this shift does not support fluent processm§ % e subject’s RD becomes

more evident. This is but one example of the depths to which functional neu@mg can and has demonstrated

neurobiological and physiological abnormalities that have at least co e 1f not causal, links to reading
disabilities. &
Teratoge

If abnormalities in the physiological developmen e brain can lead to RD, then what causes those
abnormalities to occur? For decades, common Wisdm%has held that any potentially harmful substance ingested by
an expectant mother will have a detrimental e ec@ the embryo or fetus. These substances are classified as
teratogens, agents that harm the development%etus. Unfortunately for the mother and her future child,
teratogens abound in everyday life: envi ntal pollution and second-hand cigarette smoke are but two
examples. Other environmental fa@uch as physical trauma to the mother and the frequent combination of low
socio-economic standing [SE ow level of education can also impact the child’s development insofar as the
mother’s willingness or io seek prenatal care. While environmental factors are not always within the
mother’s control, w uts into her body most certainly is.
Effects of Alcohol @eveloping Reading Areas

Tha \&, expectant mothers have been actively discouraged from drinking alcohol for several decades
now. In @ n to the myriad of physical and developmental problems that can occur as a result of fetal alcohol

, Dr. Claire Coles (1991) observed significant reductions in many areas of intellectual functioning,

1 l
1nc »u ing reading, among children whose mothers drank until the third trimester of pregnancy. In her study,
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children were classified by three groups: “never drank,” “stopped drinking” (drank throughout first and second
trimester, but stopped just before third), and “continued to drink” (children were exposed to alcohol throughou%

entire pregnancy).

Assessment Battery for Children) and tests of sequential processing skills and short term me %’.. processing,
reading and decoding scores were only significantly lower for the “continued to drink” @ﬁverage score of
91.6, as compared to 101.8 in the “stopped drinking” group) (Coles, 1991). Dr. Col ) concluded from these
findings that it is the exposure to alcohol in the third trimester that has the grea?@ct on the hippocampus, thus
leading to deficits in the ability to encode visual information, a key element@ing. These results also suggest
that it is in the third trimester when the reading areas of the brain exp -@\ heir most significant periods of

neurological growth, and to introduce a teratogen such as alcohol at point is tantamount to asking for an RD.

Effects of Prenatal Cigarette and Marijuana Exposure on De irig Reading Areas

The 1994 National Institute on Drug Abuse [NID onitoring the Future survey result data suggested a
disturbing trend: after a downward trend in the extent %F regular usage of cigarettes and marijuana in the late 1980s
and early 1990s among women of reproductiv, a@neluding adolescents), that usage was increasing (Fried,
Watkinson, & Siegel, 1997). Fried et al. (199@nducted a ten-year longitudinal study among the children of
maternal cigarette and marijuana users mine the extent of damage to reading and language capabilities. The
children’s reading ability was asse@y performance on several standardized tests and subtests such as the
WISC-III, WRAT Reading su oodcock Passage Comprehension tasks, and many others (Fried et al. 1997).
After adjusting for sever @bles such as SES, parental education, and mother’s personality, a significant
negative dose-respo sociation was noted between in utero cigarette exposure and reading, with specific regard
to passage comprion (Fried et al., 1997). This skill was impacted most significantly, but phonological
processin, 1c awareness, and the ability to read pseudowords were also moderately affected by cigarette
exposur %\% is significant because it suggests that cigarette exposure also affects higher level cognitive skills (the

i nd context processors) rather than just the mechanical act of interpreting single words (Fried et al., 1997).

eacher the most immediate observable effects of maternal smoking are the difficulties children experience
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with phonological processing and syntactical awareness. Therefore, Fried et al. (1997) suggest that many children

who are labeled dyslexic (and only thought to have these phonological problems), also have cognitive disorder@&%

@

of an

result of prenatal exposure to cigarette smoke. Unfortunately, these tend to go unexamined and untreated.
Ironically enough, the effects of the illegal drug in Fried et al.’s (1997) study (marijuana) had Qs
effect on reading ability than the legal one. Researchers failed to find statistically significant defiei ong
children who had been exposed to marijuana in utero when compared to the control group (FOQ@M- 1997). While
no mother should be encouraged to smoke marijuana while pregnant for numerous oth reasons, in terms of
‘a

reading ability, children of moderate marijuana users were no more impaired in rea@ nguage functions than
children of heavy users or non-users (Fried et al., 1997). Fried et al. (1997) no@@urprising as it was to the
researchers, this finding among the 9- to 12-year old age group was consiste@ the earlier study done with the
children several years earlier, when they were in the five- to six-yea.

As stated in the present study, teratogens surround expectantmeothers on a daily basis. While not all of

them can be avoided as consistently as the mothers may like, ermonstrated effects of alcohol and cigarettes on

reading and cognitive ability, to say nothing of the other, immediately recognizable and profoundly harmful

effects on general health and well-being, should be en%igh to dissuade any mother from drinking or smoking

during her pregnancy. \@
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