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Abstract

Attention-Deficit/Hyperactivity Disorder (ADHD) is associated with deficits in fluid reasoning,
which may be related to self-regulation of cognition and behavior, and requires intact attention,
working memory, and inhibition skills. No functional magnetic resonance imaging (fMRI) studies
have directly examined fluid reasoning in ADHD which is surprising given that studies
demonstrate a consistent network of brain regions involved in fluid reasoning that are also
implicated in the pathogenesis of ADHD. Twenty-two right-handed, non-medicated children (12
ADHD, 10 controls) ages 8-12 years completed a fluid reasoning task during which fMRI data
were collected. The primary comparison of interest was activation during the fluid reasoning
compared to the control condition. Behavioral data showed that children with ADHD tended to be
less accurate with faster reaction times in the fluid reasoning condition compared to controls, and
were significantly less accurate in the control condition. Controls activated more than participants
with ADHD in the right intraparietal sulcus and the left lateral cerebellum in the fluid reasoning
condition. Results showed hypoactivation in ADHD in regions critical for fluid reasoning. These
results add to the literature suggesting a role for parietal and cerebellar regions in cognition and
ADHD.
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1. Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a behaviorally defined disorder
affecting approximately 3-5% of school-aged children (American Psychological
Association, 1994). ADHD is characterized by problems with inattention, impulsivity, and
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hyperactivity causing significant impairment in multiple settings. Accumulating evidence
indicates that ADHD is associated with core deficits in executive functioning (Barkley,
1997; Nigg et al., 2004; Pennington and Ozonoff, 1996; Sergeant et al., 2002; Shallice et al.,
2002). Executive functioning encompasses a diverse set of cognitive processes including
higher order planning, working memory, inhibition, and set shifting. Several programs of
research have contributed to the large literature on the executive functioning deficits
associated with ADHD, including state-regulation deficits (Douglas, 1972; Douglas, 1988;
Leth-Steenson et al., 2000), energetic deficits (Sergeant et al., 1999; Sergeant, 2000), the
behavioral inhibition deficit model (Barkley, 1997), impaired controlled and automatic
processing (Carte et al., 1996; Nigg, 2001; Nigg et al., 2004), and inefficiencies in
attentional networks (Swanson et al., 1998). Although there is broad agreement that many
ADHD children show some form of impairment in executive functioning, studies have not
been consistent in associating specific executive functioning domains with ADHD (Barkley,
1997; Marks et al., 2005; Nigg et al., 2004; Pennington and Ozonoff, 1996; Sergeant et al.,
2002). For example, studies have associated ADHD with impairment in response inhibition
as indexed by errors of commission on a continuous performance test; (Barkley, 1997; Nigg
et al., 1996; Pasini et al., 2007), speed of inhibition to an auditory stop signal (Schachar and
Logan, 1990), and working memory (Barkley, 1997; Berlin et al., 2004; Kuntsi et al., 2001).
Other studies have suggested that ADHD children have slower and more variable response
speed as a common feature across all cognitive tasks (Castellanos and Tannock, 2002;
Kuntsi et al., 2001).

Fluid reasoning, also known as analogical or relational reasoning, is the ability to manipulate
representations among stimuli in order to reason, plan, and problem solve using attentional,
working memory, and cognitive perceptual skills (Cho et al., 2010; Morrison et al., 2004). It
involves relational integration, inhibitory control, and resolution of interference and is
considered a core component of fluid intelligence (Morrison et al., 2004). In fact, fluid
reasoning appears critical for all tasks identified with executive functioning (Cho et al.,
2010) and may comprise an executive function resource that influences self-regulation of
cognition and behavior (Blair, 2006).

The fact that working memory, attention, inhibition, and interference resolution are key to
successful fluid reasoning (Cho et al., 2010; Morrison et al., 2004; Waltz et al., 1999), and
that these are all areas of deficit in ADHD (Nigg et al., 1999; Nigg et al., 2002; Nigg et al.,
2004; Willcutt et al., 2005), suggests that we might anticipate behavioral differences from
participants with ADHD on tasks assessing fluid reasoning, e.g., Matrix Reasoning on the
Wechsler Scales (Wechsler, 2002; Wechsler, 2003; Wechsler, 2004) and the Raven’s
Progressive Matrices task (Raven, 1965). And, in fact, it has been demonstrated that
individuals with ADHD perform more poorly on such tasks which are considered analogs of
non-verbal 1Q (da Rocha et al., 2008; Garcia-Sanchez et al., 1997; Klingberg et al., 2002;
Liu and Wang, 2002; Ma et al., 2011; Semrud-Clikeman et al., 2010) although few studies
were found reporting on fluid reasoning in ADHD, and not all studies report group
differences on this measure, e.g., (Rubia et al., 2009).

Interestingly, cognitive training interventions, targeting attention, working memory, and/or
inhibition, for participants with ADHD (Kerns, 1999; Klingberg et al., 2002; Tamm et al.,
2010) and for typically developing children (Rueda et al., 2005) have shown a positive
impact on fluid reasoning even though the construct was not specifically targeted by the
training intervention. This improvement is unlikely due to practice effects because the
construct is typically stable on test-retest intervals (Nyden et al., 2001; Wechsler, 2004).
Thus, the cognitive training literature further supports a relationship between attention,
inhibition, working memory, and fluid reasoning.

Brain Res. Author manuscript; available in PMC 2013 July 17.
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The network of brain regions involved in fluid reasoning is comprised of the frontopolar
region, middle and inferior frontal gyri, and parietal and occipital regions (Cho et al., 2010;
Christoff et al., 2001; Eslinger et al., 2008; Geake and Hansen, 2005; Goel and Dolan, 2001,
Gray et al., 2003; Knauff et al., 2002; Kroger et al., 2002; Lee et al., 2006; Prabhakaran et
al., 1997; Ruff et al., 2003; Watson and Chatterjee, 2012; Wendelken et al., 2008), with a
major role for the dorsolateral prefrontal cortex for more complex relations (Christoff et al.,
2001; Kroger et al., 2002). Some studies also report a role for the cerebellum in fluid
reasoning (Kalbfleisch et al., 2007). The same regions involved in fluid reasoning are also
implicated by both functional and structural imaging studies in the pathogenesis of ADHD
(Dickstein et al., 2006; Paloyelis et al., 2007). However, no studies were found specifically
examining brain activation differences in individuals with ADHD on fluid reasoning tasks.
Rubia and colleagues reported findings comparing children with ADHD to those with
conduct disorder on a task requiring cognitive flexibility or switching (Rubia et al., 2010), a
correlate of fluid reasoning. The data revealed that only individuals with ADHD
demonstrated a switch reaction time cost and that this was associated with hypoactivation in
the right inferior prefrontal region. Hypoactivation in frontal regions (anterior cingulate) was
also observed on a response inhibition task for individuals with ADHD compared to controls
which was theorized to be related to deficits in task switching (Tamm et al., 2004). Thus,
indirect imaging evidence from tasks involving cognitive flexibility and task switching
suggests that individuals with ADHD may under-activate brain regions associated with fluid
reasoning.

The current study examined brain activation differences among ADHD participants
compared to typically developing controls during a fluid reasoning task (Eslinger et al.,
2008) in order to elucidate a possible neurological basis for their executive functioning
deficits. We argue that it may be important to examine fluid reasoning in ADHD given its
relationship to known neuropsychological and behavioral deficits in ADHD. Fluid reasoning
has also been linked to social competence in children with ADHD (Schafer and Semrud-
Clikeman, 2008), and low fluid reasoning in children predicts poorer academic outcomes
(Lynn et al., 2007). We hypothesized that individuals with ADHD would perform more
poorly on the fluid reasoning task than controls. We hypothesized that children with ADHD
compared to controls would show hypoactivation in the regions previously shown to be
involved in fluid reasoning, i.e., frontopolar region, middle and inferior frontal gyri, and
parietal and occipital regions.

Demographic Comparisons

The two groups did not differ significantly on age, gender, ethnicity, or WISC-IV matrix
reasoning performance (Table 1). As expected, the ADHD group had significantly greater
scores than controls on the SNAP-IV ADHD rating scale.

Behavioral Comparisons of Task Performance While Inside the Scanner

While the groups did not significantly differ on fluid reasoning accuracy, the participants
with ADHD tended to be less accurate than controls (73% accuracy versus 79% accuracy;
effect size = .46). During the control condition, the ADHD group was significantly less
accurate than controls (effect size 1.0) although the magnitude of this difference was less
(97% accuracy versus 99% accuracy). Reaction time comparisons revealed the ADHD
group tended to respond more quickly than controls in the fluid reasoning condition (effect
size = .63). During the control condition, the ADHD and control groups performed similarly
in terms of reaction time. Means and standard deviations for behavioral performance in the
scanner are reported in Table 2.
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Imaging Analyses

Both ADHD and controls activated a similar network of cortical regions to complete the
fluid reasoning task. As shown in figure 1, these areas included frontal regions bilaterally
(e.g., dorsolateral/rostrolateral prefrontal cortex and anterior cingulate), a posterior temporal
region bilaterally (e.g., inferior temporal), a parietal region bilaterally (e.g., inferior parietal
sulcus), occipital regions bilaterally (e.g., pericalcarine and lateral occipital), and cerebellar
regions bilaterally (e.g. Crus I, 11). Significant group effects (control>ADHD) were limited
to the right intraparietal sulcus and the left Crus I, Il cerebellar regions (Table 3, Figures 1 &
2). Participants with ADHD did not exhibit greater activation than controls in any region in
the fluid reasoning condition compared to the control condition (Table 3). Significant main
effects of age (greater BOLD signal with increasing age) were evident in the right lingual
gyrus, the right anterior cerebellum, the left lateral occipital, and the lateral aspect of the left
lateral cerebellum (e.g., Crus II). However, there were no significant interactions between
group and age. Furthermore, none of the regions affected by age spatially overlapped with
regions with significant group effects.

3. Discussion

Compared to controls, children with ADHD performed more poorly on a fluid reasoning
task and demonstrated hypoactivation in regions critical for fluid reasoning including the
intraparietal sulcus, which is implicated in visual attention and spatial processing, as well as
the cerebellum, which is involved in executive functions such as cognitive planning, abstract
reasoning, and attentional shifting through connections with the frontal lobe. Although there
was some evidence of hypoactivation in frontal regions for the ADHD group compared to
controls, these differences did not reach statisical significance. Further, individuals with
ADHD performed as well as controls on the WISC-IV matrix reasoning subtest and the
group differences in accuracy on the fluid reasoning condition of the fMRI task did not
achieve statistical significance. Regardless, we did observe behavioral differences in
response time with the ADHD group performing faster than controls as well as group
differences in brain activation during fluid reasoning. Individuals with ADHD also
performed the control condition less accurately than controls.

There is increasing evidence for the role of the intraparietal sulcus (IPS) role in spatial
processing and allocating attentional resources (Landman et al., 2007; Vandenberghe et al.,
2012). The IPS and frontal areas are part of a neural network thought to be responsible for
top-down attentional control. Recent studies have identified structural connectivity between
the posterior IPS and occipital cortex (Greenberg et al., 2012; Uddin et al., 2010) as well as
a neuromodulatory role for IPS efferents on biasing visual processing and re-orienting of
attention towards salient vs non-salient stimuli (Corbetta et al., 2008). This dorsal stream of
attention regulation is likely to impact fluid reasoning as one needs to disengage from the
previous solution set in order to focus on the next solution set. It has also been argued that
the IPS is involved in the compilation of an attentional priority or saliency maps, i.e., a
topographic representation of the distribution of attentional weights. In the presence of
perceptually similar targets and distractors (like in the control condition), the calibration of
attentional weights allows the observer to resolve the competition between simultaneously
presented stimuli and will activate IPS (Vandenberghe et al., 2012); thus hypoactivation in
this region for individuals with ADHD may be related to their significantly poorer
performance in the control condition of the fluid reasoning task. Furthermore, the right IPS
has been shown to be specifically involved in mental rotation tasks and visuospatial image
transformations (Zacks, 2008), such as that which might be required to successfully perform
the fluid reasoning condition of the task; thus hypoactivation in this region for individuals
with ADHD may reflect more poorly developed mental rotation skills.
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We also observed hypoactivation in the cerebellum in individuals with ADHD during fluid
reasoning compared to controls. Specifically, the ADHD group showed less activation than
controls in crus | and 1l extending to the inferior temporal gyrus and lateral occipital cortex.
There is increasing evidence for the role of the cerebellum, particularly lobules VI and VI,
in cognition and executive functioning as opposed to sensory or motor processing
(Baldacara et al., 2008; O’Reilly et al., 2010; Stoodley and Schmahmann, 2009; Stoodley et
al., 2010; Stoodley et al., 2011). This distinction has also been reported in studies of
individuals with ADHD (Baldacara et al., 2008; Valera et al., 2005). Specifically, the
literature suggests a role for the cerebellum in cognitive tasks that are difficult to solve,
involve hypothesis generation or a self-determined solution, require planning and inferential
processes to solve problems, or which occur in contexts of uncertainty (Kalbfleisch et al.,
2007). The left Crus I has also been specifically implicated in mental rotation and complex
decision making tasks (Stoodley et al., 2010). Hypoactivation in cerebellar regions for
individuals with ADHD may also be related to the higher cogntive load in the experimental
condition (Zang et al., 2005).

Taken together with evidence suggesting that cerebellar lobule V11 and its hemispheric
extensions crus | and crus 11 is reciprocally interconnected with the prefrontal and posterior
parietal cortices (Stoodley et al., 2010), our findings suggest deficits in a prefrontal/occipito-
parietal/cereballar loop during fluid reasoning in ADHD. Interestingly, this same network of
regions is involved in timing disturbances in ADHD (Rubia et al., 2009); the faster reaction
time on the fluid reasoning condition observed in the ADHD group compared to controls
might reflect impulsive responding associated with hypoactivation in parieto-cerebellar
regions. This is consistent with work suggesting widely distributed functional brain
networks involving these regions are implicated in the pathophysiology of ADHD (Cao et
al., 2006; Giedd et al., 2001; Wang et al., 2009). Future studies utlizing connectivity
analyses are warranted to further investigate the relationship between these regions in fluid
reasoning.

Somewhat surprisingly, we did not observe group differences in the rostrolateral prefrontal
cortex despite observing differences, albeit non-signficant, in fluid reasoning accuracy. It
may be that significant group differences would emerge with a larger sample size for both
the behavioral and neuroimaging findings, paricularly in the rostrolateral prefrontal cortex
which has been implicated as having a specific role in analogical reasoning, and inferior
frontal gyrus which has a role in inhibition during fluid reasoning tasks (Watson and
Chatterjee, 2012). Alternatively, deficits in relational reasoning in ADHD may be driven by
deficits in ancillary cognitive processes, like allocation of attention versus deficits in
relational reasoning abilities.

Although these results are suggestive, there are some limitations which make replication
imperative. First, we utilized a block design which has inherent weaknesses including that it
does not allow distinguishing between trial types within a block (e.g., correct versus error
trials), does not account for the transient responses at the beginning and end of task blocks,
and is known to be susceptible to habituation and changes in behavioral strategies between
blocks (Petersen and Dubis, 2011). Also, the control condition for the fluid reasoning
condition is not a tightly matched control but rather a low level control, which could result
in activations potentially reflecting a diverse range of cognitive processes beyond perceptual
matching (required of the control condition) and are required in the fluid reasoning task.
These cognitive processes may include visuospatial attention, manipulation in working
memory, relational integration, etc. While our sample is well characterized, it does include a
mix of ADHD diagnostic subtypes which may manifest differential brain activation patterns
(Solanto et al., 2009) which we were not able to directly investigate given our relatively
small sample size. This study is the first, to our knowledge, to investigate fluid reasonining
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in ADHD utilizing fMRI. We show evidence of hypoactivation in regions known to be
implicated in fluid reasoning in typically developing controls. Taken together with previous
literature implicating these same regions in the pathogenesis of ADHD, our findings add to a
burgeoning literature suggesting a neurological contribution to the executive functioning
deficits observed in ADHD.

4. Experimental Procedure
4.1 Participants: Children with ADHD

Nineteen children with a primary diagnosis of ADHD between the ages of 8 and 12 (M=8.95
years, SD=1.18) were recruited from an ongoing randomized clinical trial investigating
attention training to participate in a smaller fMRI pilot study (it should be noted that all
participants were scanned prior to initiating attention training). Participants were all right-
handed, not taking any psychotropic medications, and had an estimated full scale 1Q score
greater than 84 (i.e., less than 1 standard deviation below the mean). Children receiving
alternative therapies to manage ADHD (e.g., biofeedback) in the same time frame as the
intervention, with braces or any other metal contraindicated for fMRI, and/or with a history
of serious head injury, current unstable medical or neurological conditions, suicidal or
homicidal intent were excluded. Data from 7 children with ADHD were excluded (3
children were not able to complete the fMRI task because they fell asleep, 3 children
demonstrated excessive movement during the fMRI scan, 1 child did not understand task
directions). Table 1 lists the demographic characteristics for the final sample utilized in the
fMRI analyses.

4.1 Participants: Typically Developing Controls

Ten children between the ages of 8 and 12 (M=9.4 years, SD=1.4) were recruited from local
schools and the community. Participants were free from psychopathology based on the
Behavioral Assessment of Children (BASC) (Reynolds and Kamphaus, 2004) rating scale
(all T-scores < 65) and the ADHD items on the Swanson, Nolan, and Pelham ADHD Rating
scale (SNAP-1V) (www.adhd.net) rating scale (Total score < 18; i.e., mostly ratings of just a
little or not at all). Participants were all right handed and were not taking any psychotropic
medications. Children with braces or any other metal contraindicated for fMRI were
excluded. Participants also had an estimated full scale 1Q score greater than 84.

4.3 Measures

Kiddie-SADS-Present and Lifetime Version (K-SADS-PL) (Kaufman et al.,
1997)—Parents and children in the ADHD group were separately interviewed with the K-
SADS-PL, a semi-structured interview of several DSM-1V diagnostic categories, to establish
diagnosis of ADHD and rule out other comorbidities as part of the randomized clinical trial
from which they were recruited (oppositional defiant disorder, separation anxiety disorder,
specific phobia, and enuresis/encopresis were not exclusionary in the randomized clinical
trial).

Wechsler Intelligence Scale for Children — Fourth Edition (WISC-1V) (Wechsler,
2004) Vocabulary and Block Design subtests—These subtests were administered to
all participants to screen for at least average 1Q (i.e., greater than 84) following procedures
for pro-rating 1Q from fewer subtests (Sattler and Dumont, 2004). The Matrix Reasoning
subtest was also administered to assess fluid reasoning.

Behavioral Assessment Scale for Children (BASC) (Reynolds and Kamphaus,
2004)—~Parents completed this standardized, normed measure on their children. Typically
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developing controls were required to have T-scores less than 65 for the Externalizing and
Internalizing Composite scores and the Behavioral Symptoms Index.

Swanson, Nolan, and Pelham ADHD Rating scale (SNAP) (www.adhd.net)—
Parents completed this 26 item measure describing their children on the 18 ADHD
symptoms and 8 Oppositional Defiant Disorder symptoms on a scale of O (not at all) to 3
(very much). Typically developing controls were required to have a total score less than 18
on the ADHD items.

4.4 Procedure

Prior to participation, parents provided informed consent and children assented to participate
in accordance with procedures established by the University of Texas Southwestern Medical
Center Institutional Review Board. Imaging data were collected between June 2009 and
December 2010 as part of a pilot study funded by the Children’s Medical Center Foundation
at Dallas.

Children with ADHD were approached about study participation during the baseline visit of
the ongoing randomized clinical trial, and interested families signed consent forms after the
study was explained to them. ADHD diagnosis and other eligibility requirements were
established as part of the randomized clinical trial. Typically developing controls who
contacted study personnel in response to letters and flyers attended an appointment during
which informed consent was obtained and eligibility established (i.e., parents completed
behavioral ratings and children were administered 1Q screening measures). Prior to the fMRI
scan, all participants participated in a 30 to 60 minute mock scanning session to orient them
to the scanning environment, the task, and the amount of tolerable movement. Immediately
following the mock scan, participants completed their MRI and fMRI scans. Participants
received $50 for their participation.

All scans were collected at the University of Texas Southwestern Medical Center. A Philips
3T fMRI scanner with a standard head coil was used with foam padding for head
stabilization. Headphones were used to block scanner noise and to communicate with
participants. All participants had access to a microphone in the scanner to communicate with
study coordinator and technicians, and a panic device was placed next to their left hand to
alert technicians in case of distress. After a brief survey, T1-weighted high-resolution 3-D
anatomic images were obtained using a MPRAGE sequence with TR=8.1, TE=3.7, a=12,
160 sagittal 1mm slices to assist with localization. While participants completed the fluid
reasoning task, gradient-echo echoplanar imaging (EPI) scan sequences were used to acquire
BOLD function images; i.e., TR=2, TE=28, a=80, 40 axial 3mm slices, matrix=64x64,
FOV=220x220x160, interleaved. Anatomical scans were obtained first, followed by the
fluid reasoning paradigm.

We utilized a fluid reasoning task previously used with typically developing children
(Eslinger et al., 2008). The task involved 3 runs of a78 sec control, 78 sec experimental
(fluid reasoning), and 15 sec rest conditions. The control and experimental blocks each
consisted of 16 stimuli with a 4 sec exposure time and a .875 sec inter-stimulus interval
blank screen. Children were asked to press a button designating which of two choices
matched the stimuli along dimensions of color and shape. The experimental condition
required fluid reasoning, while the control condition was a perceptual matching task
controlling for activation to colors, shapes, motor response, etc., but did not involve a fluid
reasoning demand. See Figure 3 for sample stimuli.

Independent samples t-test (two-tailed) or chi square analyses were conducted comparing
the two groups on demographic characteristics. Independent samples t-test comparisons
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(one-tailed) were conducted comparing the two groups’ behavioral performance (accuracy
and reaction time) on the fluid reasoning task.

All fMRI data were analyzed using FEAT (FMRIB’s Expert Analysis Tool version 5.98), a
module within the FSL processing package (FMRIB, Oxford, UK, www.fmrib.ox.ac.uk/fsl)
used for preprocessing and model-based analysis of time series data. Within FEAT, standard
pre-processing steps were handled first on the individual participant level: motion
correction, slice timing correction, brain extraction, spatial smoothing, global intensity
normalization, and high pass filtering. For low-level time series analyses, a General Linear
Model method known as FILM (FMRIB’s Improved Linear Model) was used within FEAT
to evaluate user-defined contrasts between explanatory variables defined in the design
matrix (control > fluid reasoning; fluid reasoning >control; average ADHD response;
average typically developing control response; age (demeaned); interaction between age and
group). FILM uses a nonparametric estimation of the time series autocorrelation to pre-
whiten each voxels’ time series, yielding improved estimation efficiency relative to methods
which do not pre-whiten. Following the completion of FEAT, activation maps (e.g.
parameter estimate maps converted to t-stat maps converted to z-stat maps with a threshold
of 2.3 and a corrected cluster significance of p<0.05) associated with each contrast were
available for display and review. For higher level (e.g. group-level) Bayesian mixed effects
analyses, FMRIB’s FLAME (FMRIB’s local analysis of mixed effects) was used. FLAME
uses Bayesian methods for modeling and estimating the random effects component (e.g.
between-participants) and fixed effects component (e.g. within participants variability) of
mixed effects variance using Metropolis-Hastings Markov Chain Monte Carlo sampling to
estimate the true random effects variance and degrees of freedom at each voxel. A corrected
cluster P threshold of <0.05 was used for each contrast. Significant clusters were then
displayed on the study-specific template of high-resolution T1-weighted images for
improved localization. A study-specific template of T1-weighted images facilitated transfer
of significant clusters to the high-resolution MNI template used for coordinate information
and display purposes in all figures. In contrast to purely fixed effects analyses, mixed effects
modeling permits inferences to be made about the wider population from which the study
participants were drawn.
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Fluid Reasoning > Control Condition

Figure 1.

The average ADHD group response (blue) and the average control group response (red)
during the fluid reasoning > control condition are displayed at six different levels in the
transverse plane to illustrate the distributed network involved in this task and the common
regions activated by both groups. Highlighted by yellow circles are significant group
differences (control>ADHD) in BOLD signal activations (cluster P threshold <0.05; Z
threshold >2.3) evident in the right intraparietal sulcus and the left lateral cerebellum (Crus |
and I1).
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Figure 2.
Fluid reasoning > control condition: Significant group differences (control>ADHD) were

limited to the right IPS and the left lateral cerebellum (Crus I and I1) and are displayed in
green (significant P cluster threshold <0.05; Z threshold >2.3). Higher Z thresholds (e.g.,
Z=4) while maintaining the same clusterwise significance level of p<0.05 (corrected for
multiple comparisons) did not result in different spatial maps of significant group
differences.
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Sample experimental and control stimuli.
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Table 1
Demographic Characteristics
ADHD n=12 Control n=10 Statistical Comparison
Mean age (SD) 9.0 years (1.3) 10.0 years (1.4) t(21)=-1.8,p=.09
% Male 54% 80% x> (1)=17,p=.19
Ethnicity 54% Caucasian 90% Caucasian XZ (3)=4.9,p=.18

23% Hispanic
15% Asian
8% Other
ADHD Subtype 23% Combined Type
69% Inattentive Type
8% Not otherwise specified
Comorbid Diagnosis  Oppositional Defiant Disorder (n=1)
Enuresis (n=1)
Separation Anxiety Disorder (n=1)
SNAP-IV Score 1.7 (:39)
Matrix Reasoning 11.7 (2.3)

10% African American

Not applicable Not applicable

Not applicable Not applicable
.24 (.20) t(21) =10.8, p <.001
11.0(2.7) t(21)=.67,p=.51

Brain Res. Author manuscript; available in PMC 2013 July 17.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Tamm and Juranek

Table 2

Behavioral Performance in the Scanner

ADHDn=12  Control n=10 Statistical Comparison

Fluid reasoning accuracy 73 (.11) .79 (.15) t(21) =-1.09, p=.14; d=.46
Control accuracy .97 (.02) .99 (.02) t(21) = -1.67, p=.05; d=1.0
Fluid reasoning RT 2078.0 (247.8) 2219.1 (201.0) t(21) = -1.47, p=.08; d=.63
Control RT 1180.3 (230.2)  1162.7 (257.3)  t(21) = 0.17, p=.43; d=.07

RT = reaction time; d = effect size
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