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Neuroscience has advanced our understanding of the neurological basis of reading
disability (RD). Yet, no functional imaging work has been reported on the twice-exceptional
dyslexic: individuals exhibiting both non-verbal-giftedness and RD. We compared groups
of reading-disabled (RD), non-verbally-gifted (G), non-verbally-gifted-RD (GRD), and control
(C) adults on validated word-rhyming and spatial visualization fMRI tasks, and standardized
psychometric tests, to ascertain if the neurological functioning of GRD subjects was
similar to that of typical RD or G subjects, or perhaps some unique RD subtype.
Results demonstrate that GRD adults resemble non-gifted RD adults in performance on
paper-and-pencil reading, math and spatial tests, and in patterns of functional activation
during rhyming and spatial processing. Data are consistent with what may be a shared
etiology of RD and giftedness in GRD individuals that yields a lifespan interaction with
reading compensation effects, modifying how their adult brain processes text and spatial
stimuli.
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INTRODUCTION
Reading disability (RD) is perhaps the most heavily studied of
the developmental learning disorders, affecting approximately 7–
10% of the school-aged population. RD is also the most common
learning disability, with ∼85% of the learning disabled (LD) pop-
ulation having a reading-related condition (Lerner, 1989). While
a lot is known about RD alone, the systematic and empirical
study of giftedness alongside RD, and twice-exceptionality (i.e.,
a specific learning disability concomitant with a cognitive gift or
talent), is relatively lacking.

Prevalence rates of twice exceptionality in school-age children
vary widely depending on sample characteristics, the disabilities
being considered, and definitions of categories. Some of the best
estimates have placed these rates for heterogeneous LD child pop-
ulations at around 2–5% (Ruban and Reis, 2005). This represents
a relatively high rate in practice or in the classroom. Given that
reading-related problems are quite common in LD populations
(Lerner, 1989), many gifted-LD children might be classified as
having reading disabilities as part of their profile. At the moment,
however, the actual rates of gifted-RD (GRD) remain a mystery.

Neuroscience research on the GRD student is required so
that we may better understand this condition, and improve cur-
rent approaches to diagnosis and treatment. Practitioners and
clinicians agree that the GRD individual can manifest different
behavioral symptoms than the individual with RD or giftedness
alone (Eide and Eide, 2006; Foley Nicpon et al., 2011; McClain
and Pfeiffer, 2012): GRD individuals are often lost in the school
or IEP system, often have their talents neglected in favor of reme-
diation, and confuse diagnosticians such that they do not qualify

for reading services or gifted programs, among other compli-
cations. Thus, in summary, twice exceptional individuals pose
complicated diagnostic and educational problems, as well as a
neurological paradox in need of exploration.

There exists a long history of interest in the gifted RD individ-
ual. Some have extolled the virtues of being RD in general, and
claim that there are shared etiologies linking RD and, particu-
larly, non-verbal giftedness. Accordingly, famous and successful
RD business leaders, artists, and scientists are often cited, and the
RD individual is viewed as an “untapped resource” with special
skills useful to society. Although some research has demonstrated
that RD is overrepresented in more spatially oriented or non-
verbally gifted populations and associated careers (for example,
Art, Mathematics, Architecture, and Physics among others; West,
1999; Winner et al., 2001; Eide and Eide, 2006; Schneps et al.,
2007; Logan, 2009), related experimental studies that have asked if
non-verbal skills, such as spatial visualization, are elevated in RD
samples, have yielded mixed and largely negative results (Winner
et al., 2001). Still, there exists some theory that would support a
“shared etiology hypothesis,” and predicts that RD and non-verbal
giftedness should co-occur more often than chance expectations
(Geschwind and Behan, 1982; Geschwind and Galaburda, 1987;
Galaburda, 1992; Newman and Sternberg, 2004; Craggs et al.,
2006; Gilger and Hynd, 2008). Geschwind and colleagues, for
example, discussed the potential etiologic relationships between
giftedness and RD over 30 years ago, and gave a tentative theory to
account for the (possible) overrepresentation of non-verbal gifts
in RD samples (as well as other conditions such as left handed-
ness and immune system dysfunction). Aspects of these theories
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FIGURE 3 | Activity within the significant clusters from the main effect

of Group for the Rhyming tasks (also see Table 4). Significantly active
clusters (p < 0.001; cluster-size corrected) were surface rendered onto the
SPM MNI template and represent regions that exhibited reliable differences
in activation between the four groups. Boxplots represent percent signal
change within the specific clusters for the four groups (RD: yellow, GRD:

blue, G: purple, C: red). Horizontal lines within the boxplots represent the
average percent signal change for W and NW tasks. First and third quartiles
are defined by the box edges, and whiskers define the10th and 90th
percentiles. MNI co-ordinates of the peak location within the clusters are
presented below each corresponding boxplot and in Table 4. Patterns of
activation were generally similar for RD and GRD groups.

and G groups exhibited activation levels that did not significantly
differ.

DISCUSSION
The main goal of this study was a preliminary fMRI exploration
of if (and how) the GRD brain differs in functionality compared
to RD and G brains. As noted in the Introduction, this goal was
framed in the context of three hypotheses: 1. GRD brain activation
patterns resemble an admixture of gifted (G) and RD brains, 2. GRD
brains activate similarly to RD brains (or conversely like G brains),
or 3. GRD brains are unique brains and activate in ways that are
deviant from G or RDs alone or in combination. Our approach to
the analysis was to focus on the regions that demonstrated sig-
nificant differences in the omnibus ANOVA on the four subject
groups for the reading (rhyming) and spatial tasks, and then to
perform subsequent post-hoc comparisons to determine whether

activity for the GRD group in these regions was comparable to
either the RD group or the G group.

First, it is noteworthy that in many ways the performance of
the C group replicates prior research on reading-related and spa-
tial tasks (see Figures 2–4, Tables 3, 4), with areas of significant
activation for word reading in the left inferior frontal, superior
temporal and inferior occipital regions (Pugh et al., 2001; Price
et al., 2003), and activation for spatial processing in bilateral areas
including the left and right IPL, right MOG and STG, and the
cerebellum (Cohen et al., 1996; O’Boyle et al., 2005; Gogos et al.,
2010). For the rhyming task, the RD group often exhibited under-
activation relative to the C group (Shaywitz et al., 2002), and a
previous report comparing only the C vs. RD groups (Olulade
et al., 2012) also demonstrated lower activity during word reading
as well as spatial processing in the RD sample relative to Cs (i.e.,
left temporal, frontal and parietal regions during word reading
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FIGURE 4 | Activity within the significant clusters from the main effect

of Group for the Spatial Visualization tasks (also see Table 4).

Significantly active clusters (p < 0.001; cluster-size corrected) were surface
rendered onto the SPM MNI template and represent regions that exhibited
reliable differences in activation between the four groups. Boxplots represent
percent signal change within the specific clusters for the four groups (RD:
yellow, GRD: blue, G: purple, C: red). Horizontal lines within the boxplots

represent the average percent signal change for R and NR tasks. First and
third quartiles are defined by the box edges, and whiskers define the 10th
and 90th percentiles. MNI co-ordinates of the peak location within the
clusters are presented below each corresponding boxplot and in Table 4.
Overall patterns of activation were similar for RD and GRD groups, and
significant differences appeared to be driven by greater activation levels for
the G group compared to the others.

and frontal and parietal areas during spatial visualization). In the
present study, we demonstrate that for this same spatial task, the G
group often exhibited greater activation than C and/or the other
3 groups, and across multiple regions as expected (O’Boyle et al.,
2005).

WHICH HYPOTHESIS BEST FITS THE DATA?
First, with some qualification, the activation patterns in the
GRD group do not appear unique (hypothesis 3). In fact, visual
inspection of the patterns of activation above or below baseline
(Figures 3, 4) suggests that the GRD brains function most like
RD brains. Post-hoc pairwise comparisons generally support this
claim as well.

Considering the direction of activation relative to baseline, and
mean activation and standard errors per region, the GRD pattern

for word reading is quite similar to the RD pattern, and at the
same time very different than the patterns exhibited by the G and
C groups. The clearest deviation from the RD pattern was that the
GRDs showed relatively greater activation in the left STG than the
other 3 groups. A similar trend was found for the spatial task data:
the direction and mean activation levels of the GRD group best fit
those of the RD group, although the fit may not be as defined as
it was in the case of word reading. One clear deviation from the
RD-GRD pattern association was in the right STG, where activity
in the RD group was elevated relative to both the GRD and G
subjects.

The similarity of RD-GRD fMRI activation patterns is mir-
rored in the similarity of RD-GRD psychometric test data shown
in Table 1. With the exception of our group formation vari-
able, PIQ, RD and GRD subjects test scores were quite similar
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Table 4 | ANOVA Indicated activation peaks for word and spatial tasks.

Hemisphere Region Z-Score Coordinates Brodmann area

RHYMING TASK

Left Inf. Frontal Gyrus 4.19 −54 24 18 BA45

Inf. Occipital Gyrus 5.49 −22 −88 −4 BA17

Sup. Temporal Gyrus 4.68 −42 −2 −12 BA21

Sup. Temporal Gyrus 4.20 −50 −20 −2 BA22

Right Mid. Occipital Gyrus 4.30 28 −90 6 BA18

Mid. Temporal Gyrus 4.80 56 −16 −6 BA21

SPATIAL TASK

Left Inf. Parietal Lobule 5.80 −38 −50 34 BA40

Cerebellum 4.43 −42 −64 −36 *

Precentral Gyrus 5.71 −24 −16 60 BA6

Right Inf. Parietal Lobule 4.61 34 −64 24 BA40

Mid. Occipital Gyrus 4.25 26 −78 10 BA18

Sup. Temporal Gyrus 4.63 54 2 −4 BA22

* indicates no BA available for this region.

in reference to Cs. Thus, considering the fMRI and behavioral
data together, our conclusion is that the functionality of the GRD
brain in adults of our sample is much like that of the RD brain
(hypothesis 2). Indeed, there was no evidence that the functional
neurology of GRD subjects represented a simple admixture of RD
and G activation (hypothesis 1).

WHAT DOES SIMILAR RD-GRD ACTIVATION TELLS US ABOUT
ETIOLOGY?
This is the first imaging report examining GRD individuals, and
additional research is required. Further determination of which
of the three hypothetical options outlined in the Introduction is
valid will depend on carefully conducted genetic, epidemiologic
and neuroscientific research in the future. However, at this time,
we believe that hypothesis 2 fits our data well, and that hypotheses
1 and 3 can likely be rejected given that the GRD subjects were
very similar to the RD subjects on psychometrics and for neural
responses.

It is important to recognize that our conclusions may apply
only to our group of GRD subjects, and it does not directly
address whether or not a shared etiology for giftedness and
RD exists in the broader RD population as some have sug-
gested. Different research designs are needed to address that
issue. However, because the shared etiology issue is an impor-
tant and historical concern, it is noteworthy that our data do
not rule out this mechanism. For example, if non-verbal gift-
edness shares an etiology with RD in our GRD group, the two
conditions have interacted throughout the lifespan, with one pos-
sible consequence being that a high PIQ, or a high potential
PIQ, has helped the individual with RD compensate for linguistic
problems and academic performance from childhood to adult-
hood. This compensatory reliance on right and left hemisphere
functions that originally had high potential (for example high
visuo-spatial abilities) may limit or modify their expression in
ways we observed in the psychometric and functional patterns.
Indeed, our data are consistent with much of the literature show-
ing that adult RD subjects do not necessarily perform significantly

above average on tasks of spatial analysis or processing of vari-
ous sorts, although they may approach such tasks differently than
non-RD subjects (Winner et al., 2001; Olulade et al., 2012). That
is, their external behavior may not appear exceptional, but the
internal neural computation used to perform the tasks may be
different. Speculatively, if such activation differences exist, they
could be a sort of “residual” footprint that our RD and GRD
adults do naturally approach spatial problems in unique ways, but
their expression of this difference has changed over development
as the deficit disability has interacted with the higher ability.

There is in fact evidence in our fMRI data that subjects may
have compensated for their reading problems: Areas of right
hemisphere (MTG, MOG) maintain an importance in word pro-
cessing in these RD and GRD college students that is unlike that
in degree or direction compared to normally reading students.
An over reliance on these right hemisphere areas for reading has
been shown in RD individuals, and a shift from the right to the
left hemisphere reading areas is indicated in response to remedia-
tion (Simos et al., 2002). In our samples, the right MOG was the
only region that was significantly different among the 4 groups
for both the word and spatial MRI tasks. The G group exhib-
ited strong deactivation relative to baseline during reading and
increased activation during spatial processing, whereas the GRD
(and RD) groups did not deactivate this area to the same degree
during reading, and both groups were relatively under-activated
relative to the G group in this region during the spatial task. Other
research has shown that the right MOG has a preferential acti-
vation for spatial information and a deactivation for auditory
information regardless of experience (Renier et al., 2010). This
pattern is seen in our data. However, the GRD group does not
activate or deactivate the right MOG to the same degree as seen
in their G counterparts. Furthermore, all 4 groups activated the
left IFG during reading, although activation was strongest for the
C and G subjects. Consistent with prior research, a strong reliance
on the IFG, along with an over reliance on other non-typical read-
ing areas by RD college students probably indicates the effects of
experience and compensation (Hoeft et al., 2011).
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