Journal of the International Neuropsychological Soci€2904),10, 939-947.
Copyright © 2004 INS. Published by Cambridge University Press. Printed in the USA.
DOI: 10.1017S1355617704107042

Functional MRI neuroanatomic correlates
of the Hooper Visual Organization Test

CHAD H. MORITZ '3 STERLING C. JOHNSON,KATHRYN M. MCMILLAN, 3
VICTOR M. HAUGHTON}! anp M. ELIZABETH MEYERAND3

1Department of Radiology, University of Wisconsin Medical School, Madison
2Department of Medicine, University of Wisconsin Medical School, Madison
3Department of Medical Physics, University of Wisconsin Medical School, Madison

(RECEIVED September 11, 200REVISED May 14, 2004;AccepTED June 14, 2004)

Abstract

The Hooper Visual Organization Test (VOT), a commonly applied neuropsychological test of visual spatial ability,

is used for assessing patients with suspected right hemisphere, or parietal lobe involvement. A controversy has
developed over whether the inferences of this test metric can be assumed to involve global, lateralized, or regional
functionality. In this study, the characteristic visual organization and object naming aspects of the VOT task
presentation were adapted to a functional MR imaging (fMRI) paradigm to probe the neuroanatomic correlates of
this neuropsychological test. Whole brain fMRI mapping results are reported on a cohort of normal subjects.
Bilateral fMRI responses were found predominantly in the posterior brain, in regions of superior parietal lobules,
ventral temporal-occipital cortex, and posterior visual association areas, and to a lesser extent, the frontal eye fields
bilaterally, and left dorsolateral prefrontal cortex. The results indicate a general brain region or network in which
VOT impairment, due to its visuospatial and object identification demands, is possible to be detected. Discussion is
made of interpretive limitations when adapting neuropsychological tests to fMRI analysis.

(JINS 2004,10, 939-947.)
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INTRODUCTION multifactorial, including mental rotation, visual working
memory, object identification and name retrieval. Given the

. . . =~ ~/high visuospatial demands of the task, the right hemisphere
IS & commonly appl!ed test of V|su.al perceptual fur'Ct'on’and posterior parietal lobes are presumably involved in the
Wh'Ch has be_en applleq asascreening instrument for asS€3¥ural substrate (Mesulam, 2000). The object identification
ing neurological impairments in adolescents and adultsand naming demands should involve the ventral temporo—

gfg\‘/‘;'g? §||dezrcl)%géEgtglOfg’?(o(%%rgﬁf;-oarfosg%gi-aéz’i shgsrg;occipital area (Ungerleider & Haxby, 1994). However, con-
" ' ’ ' " ’ siderable controversy has evolved around the question of
son et al., 1995; Sterne, 1973; York & Cermak, 1995). Firs I versy Vo ; guest

. . ) Whether the VOT should be regarded as a measure of global,
mtrodgced N 13958’ the_test procedure.con5|sts of the preléteral, or region-specific functional ability. Studies of
sentation of 301ine c_irawmgs, each showing a common obje atients with lateralized brain injuries (Boyd, 1981; Wang,
that has been cut into several pieces and scattered acra 77) have concluded that no significance difference exists

the page of a test booklet. The subject performing the tas etween lateralization of injury and VOT performance score.

is_ instructed to overtly name the o_bject repre_sgnteql i theStudies which attempted to account for region of lesion
pieces were correctly assembled into the original imagegjo (Fit; et al., 1992; Lewis et al., 1997) differ in their

C_ons_idereq a sensitive test forvisuospa’;igl and visual Orgaf:'onclusions, with Fitz et al. claiming a sensitivity to non-
nization ability (Hooper, 1983), the cognitive processes aArfYominant parietal lobe involvement, while Lewis et al.

reported an increased sensitivity to right frontal lobe.
. . . . The object naming aspect of the VOT performance has
Reprint requests to: Chad Moritz, /311 Clinical Science Center, : " . . . .
600 Highland Avenue, Madison, WI 53792-3252. E-mail: cmoritz@ IS0 received critical review, since subjects that are intact to
mail.radiology.wisc.edu the visuospatial integration demands may score poorly if
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they suffer from compromised confrontational naming (Cir-correlates of the task performance, and thereby provide a
illo et al., 1999; Greve et al., 2000; Seidel, 1994). In anmeans to assess the presumptions of VOT task involve-
attempt to address this issue, a multiple choice derivative afnent, both for lateralization and localization. Anatomical
the VOT has been proposed (Schultheis et al., 2000), anchapping of the fMRI responses to the VOT could yield
test results from the multiple-choice version indicated higheincreased understanding of the relevance and applicability
performance scores among anomic subjects. of this neuropsychological test to clinical populations.
Functional MRI (fMRI) has been applied extensively
within the last decade as a non-invasive means for assess-
ment and localization of brain functionality. Based on theMATERIALS AND METHODS
concept of a blood oxygenation level-dependent (Ogawa
et al., 1993) endogenous contrast mechanism, fMRI meg\R| Paradigm
sures regional hemodynamic responses as indicator of neu-
ronal activity. Applied to either individual subjects or The clinical VOT consists of 30 line drawings, each depict-
population studies, fMRI has been utilized to probe theing a simple object which has been cut into two to four
neuroanatomic basis for the performance of neuropsychmieces and rearranged in a puzzle-like fashion. Respon-
logical test procedures, including the Stroop (Gruber et al.dents are required to name the object. This task was adapted
2002; Peterson et al., 1999; Zysset et al., 2001), Wisconsito a visual fMRI presentation by digitizing each of the VOT
Card Sort Test (Konishi et al., 1999; Monchi et al., 2001;line drawings and programming them into SuperLab Pro
\olz et al., 1997), andh-back tasks (Braver et al., 1997; software (Cedrus Corporation, San Pedro, CA). These images
Callicott et al., 1999; Cohen et al., 1994; Ragland et al.were presented to subjects inside the MRI scanner using a
2002). fMRI has also been applied to visuospatial parataptop computer and LCD projector directed onto a backlit
digms (Gron et al., 2000; Ng et al., 2000; Sack et al., 2002screen. The screen was positioned at the foot of the scanner
Vannini et al., 2004), object recognition (Kraut et al., 1997;table, and viewed via an angled mirror incorporated into the
Shen et al., 1999; Sugio et al., 1999), and mental rotatioMRI head coil. Each of the line drawing trials was serially
tasks (Carpenter et al., 1999; Cohen et al., 1996; Gauthigresented for 6 s, immediately followed by a single word
et al., 2002; Jordan et al., 2002; Tagaris et al., 1996; Weispresentation fo4 s (Figure 1). The subjects were instructed
et al., 2003). To date, no published study has examined thi® mentally reassemble the picture pieces and covertly name
VOT with fMRI. the line drawing during each picture presentation, and then
In this study, the characteristic visual organization anddecide whether the following word presentation was the
object naming aspects of the VOT task presentation wereorrect name of the object. The subjects indicated with a
adapted to a fMRI paradigm. The task method was alteretdutton press (LUMItouch, Photon Control, Burnaby, Brit-
to minimize the confrontational naming dependence. Aish Columbia, Canada) whether or not they thought the word
cohort of normal subjects performed the VOT paradigmpresentation was a correct match for the preceding fraction-
while being scanned, and group results of their global hemoated line drawing, and a record was kept of response accu-
dynamic fMRI responses were mapped to a standard strucacy. The first three VOT presentations were used in a brief
tural template. The intent was to explore the neuroanatomipractice session prior to the scan start, leaving the final 27

.-E?_—s
b2y fish?

5 A gun?
Task ______,.,f‘“f’ (‘yes) (“no”)
Timing: 4 | A —
6 sec 4 sec 6 sec 4 sec
- >P4+———> < > <
(picture) (word) (picture) (word)
Reference 3 sec 7 sec 3 sec 7 sec
Function: (on) (off) (on) (off)

Fig. 1. Schematic of fMRI task timing and blocked-diagram reference function. The sequence was repeated for
twenty-seven 10-s picture—word pairs presented during each VOT paradigm fMRI scan. Each picture presentation
lasted 6 s, followed by a 4-s word presentation. During the word presentation, the subjects responded “yes” or “no”
whether the word matched the preceding picture. The reference function for fMRI contrast was “on” forttBe fafs

each picture presentation and “off” during the remagnihs of thel0-s epoch.
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VOT images for the fMRI presentation. The order of the resultant maps were overlaid on a T1 anatomical template
VOT presentations was the same as in the clinical test booKer inspection.
let. Twelve of the 30 VOT trial presentations were pseudo- Averaged group-level results were obtained by further
randomly followed by a correctly matched word presentationanalysis of the single subject contrast maps with a random
The continuous VOT imagevord presentation series was effects one samplétest approach (Friston et al., 1999).
preceded by 28 s and followed by 20 s of blank screen witlStatistical inferences were made at the cluster level thresh-
fixation point, yielding a total fMRI scan time of 5 min, old of p < .005 (FDR corrected), with a cluster extent
18 s. threshold of 5 voxels. Suprathreshold voxel clusters were
examined using both the SPM “glass brain” and overlaid on
a T1 weighted structural volume template for anatomical
localization. Lateralization indices were derived to com-
Magnetic resonance image data were obtained with the folpare volume extents of suprathreshold clusters in regions of
lowing equipment: 1.5T scanner (Signa LX; GE Medical right and left hemispheres. The lateralization index was
Systems, Milwaukee, WI); standard quadrature radiofredefined by the formula [(left- right)/(left + right)], in
quency head coil; single-shot gradient-recalled echoplanaunits of suprathreshold voxels. With this formula, a positive
pulse sequence. T2*-weighted images sensitive to bloothteralization value indicates left hemisphere extent predom-
oxygen level-dependent (BOLD) contrast were acquired durinance, and a negative value indicates right hemisphere pre-
ing the functional scans with the following parameters:dominance. Laterality extent values greater than .200 or
TR/TE = 2000/40 ms; flip angle= 85’; FOV = 24 cm; lessthan-.200 were considered significant (Springer et al.,
64 X 64 matrix; 22 coronal slice locations with 6 mm thick- 1999).
nesgl mm skip yielding whole brain coverage. One hun- Gender variations in the fMRI group results were exam-
dred fifty-nine time points were continuously acquired for ained by splitting the group into male and female subgroups
scan duration of 5 min, 18 s. During the same scan sessiaand utilizing the random effects two samptest in SPM99.
a set of co-registered high resolution T1-weighted anatomé&ender differences were derived by defining contrasts of
ical images were also acquired: 3D SPGR pulse sequenceale> female andfemale> male Parametric modulation
TR/TE = 21/7 ms; flip angle= 45°; FOV = 24 cm; 256X  of the fMRI response by degree of difficulty was examined
128 matrix; 124 contiguous axial sections with 1.2 mm thick-with a random effects analysis in the order of task presen-
ness yielding whole cranial volume coverage. tation. The VOT items increase in difficulty with the order
Statistical Parametric Mapping (SPM99, Wellcome of presentation.
Department of Cognitive Neurology) software was utilized
for analy3|s. Prg-processmg s_teps applle_d tothe fMRI e(?hORESULTS
planar images included motion correction, normalization
into a Talairach standard atlas space defined by the Mont9 normal volunteers (right handed; 11 maié;age 22.9
treal Neurological Institute echoplanar template in SPM99years) performed this fMRI paradigm, after first obtaining
and finally spatial smoothing using a 12-mm full-width at their informed consent in accordance with local human sub-
half-maximum Gaussian kernel. The spatial smoothing exterjects review board protocols. All subjects had at least 12
of approximately 3 voxels is consistent with recommenda-years of education, and normal or corrected-to-normal vision.
tions for cluster-level statistical inferences (Hayasaka &After the fMRI scan session all subjects reported that they
Nichols, 2003). had been able to successfully perform the VOT task, with
average response accuracy indicated by the button presses
at greater than 92% correct. Head motion was less than
50% displacement of a single voxel dimension in any of six
After discarding the first four time points in each fMRI angular planes.
scan to allow for equilibrium of magnetization steady-state, Individual subject fMRI results regularly mapped to bilat-
time-series analysis was first performed on each participargral regions of parietal, occipital, posterior inferomedial tem-
individually. The analysis applied the general linear modelporal, and frontal lobes. Of these regions, maximal cluster
on a voxel-by-voxel basis (Friston et al., 1995). A boxcarintensity was typically located in posterior superior parietal
model including bandpass filtering for filtration of the high lobules, with robust response also indicated for occipital
and low frequency signals and convolution with a canoni-visual association areas. In the majority of subjects the infe-
cal hemodynamic response function was used in the regresior occipital lobe clusters extended along the ventral visual
sion analysis. The onsets of the applied regressor werassociation area tracts to medial posterior temporal lobes.
defined by the timings for the initiation of each VOT image The left frontal lobe response was typically located near the
presentation. The regressor durations of each task cycle wéateral region of precentral sulcus, with suprathreshold vox-
specified as 3 s. This 3-s duration was empirically derivecels in inferior andor middle frontal gyrus. The right frontal
after noting that the subjects reported in post-scan debriefobe response variably mapped to mediolateral regions of
ing that they were usually able to name the VOT images irmiddle frontal lobe, and usually caudal to the left hemi-
less time than the allotte6 s ofimage presentation. The sphere fMRI homologue. Figure 2 illustrates signaisus

fMRI Acquisition and Preprocessing

Data Analysis
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Fig. 2. Comparison of smoothed reference function (white trace) with fMRI averaged time courses (black trace) from
four individual subject exemplars. Scan time is plotted on the horizontal axes, and signal intensity is plotted vertically.
Individual subject time courses were derived by averaging the responses from suprathreshold voxels. Subjects Aand B
were male, C and D were female.

time plots from the average of suprathreshold voxels in 4elatively medial and slightly caudal compared to the loca-
representative subjects (2 male, 2 female). Comparison ttion of the left frontal gyrus response (Figure 4C and F). At
the smoothed reference function indicates a high temporahis threshold, the only other cluster of fMRI response is
correlation with the brief hemodynamic signal responsesndicated near left frontal anterior cingulate gyrus (Fig-
for each of the 27 task epochs. ure 4F). The laterality index value for these frontal lobe
Averaged group results are displayed in Figures 3 and 4regions was .217, indicating a slight left hemisphere pre-
At p <.005 (FDR corrected), extensive suprathreshold voxetlominance. Table 1 lists the Talairach coordinates, maxi-
clusters are demonstrated in bilateral superior parietal lobmum t values, and anatomical locations for each of the
ules (corresponding to Brodmann area 7), bilateral laterasuprathreshold cluster group results.
occipital and posterior medial temporal lobes (Brodmann No significant gender differences in the group results
areas 19 and 37), bilateral middle frontal gyri (Brodmannwere seen with either theale > femaleor female> male
areas 6 and 9), and left anterior cingulate gyrus (Brod-contrast at the groupwise FDR-corrected threshold level of
mann area 32). The maximum global fMRI group respons < .005. At a lower threshold gf < .00005 (uncorrected),
(t=6.11) was located in the left posterior superior parietalthe males> femalescontrast yielded a 16-voxel cluster in
lobe cluster, followed by the right posterior superior pari-the posterior cingulate region (Talairach coordinates 4
etal cluster {= 6.05). Overlaid on a brain volume template, —48 15), andemales> malesindicated a 34-voxel cluster
the bilateral posterior superior parietal clusters have an right inferior parietal lobe (44-3544). The application
right extent greater than left regional hemispheric responsef linear parametric analysis over time as an indicator of
(Figure 4B, C, D, and F). The laterality index value for the fMRI response in relation to increasing task difficulty did
parietal region clusters was.520, indicating a significant not yield a significant groupwise cluster, even at a reduced
right hemisphere lateralization for these regions. The bilatthreshold ofp < .001 (uncorrected).
eral lateral occipital and fusiform gyrus responses also indi-
cate a slight right greater than left response (Figure 4B, C
D, and E). The laterality index value for these regions WasDISCUSSION
—.052, showing insignificant right hemisphere predomi-As indicated by these fMRI results, and as expected con-
nance. In the frontal lobes, the cluster in left lateral infefior sidering the complex, multifactorial nature of the task, mul-
middle frontal gyrus lies close to Broca’s area (Figure 4Atiple cognitive regions are implicated in VOT performance.
D, and F). The smaller right frontal middle gyrus cluster isThe group fMRI mapping demonstrates an extensive bilat-
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Fig. 3. “Glass brain” 3-dimensional view of supra-
#“ threshold clusters normalized to a standard
._ brain template. Group results displayed at FDR-
corrected (false discovery ratp)< .005; height
threshold T= 3.89; extent threshole 5 voxels.

Fig. 4. Suprathreshold cluster group results nor-
malized and overlaid on a smoothed six-axis view
structural brain surface rendering.
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Table 1. Suprathreshold cluster maxima coordinates and locations

Talairach coordinates

X y z Tvalue Location BA
-22 —64 58 6.11 Left posterior superior parietal lobe 7
28 —58 60 6.05 Right posterior superior parietal lobe 7
30 —88 16 5.97 Right middle occipital gyrus 19
42 —-60 -18 5.91 Right lateral occipital gyrus 19
—26 —88 30 5.38 Left cuneus 19
30 -2 44 5.14 Right middle frontal gyrus 6
—-34 —78 —-16 5.07 Left lateral occipital gyrus 19
-20 8 48 4.84 Left anterior cingulate gyrus 32
—56 18 28 4.28 Left inferiofmiddle frontal gyrus 9

eral response across all brain lobes, predominantly posteral, and even a global network of functionality for VOT
rior, with a significant right hemisphere extent lateralizationperformance. Indeed, it would seem intuitive that without
in parietal lobes. Of these localizations, the fMRI clusterssubserving networks of primary and visual association areas,
in bilateral superior occipital and posterior superior parietalWOT performance would be impaired. Object identification
lobes demonstrate the most robust response. Presumabdnd expressive language are also expected networks of task
these clusters reflect brain regions subserving the visuosp@volvement, since even a simplified multiple-choice or word
tial processes that are the intended focus of the VOT spatialiscrimination paradigm design will still depend on a lin-
integration construct demands, and have been implicated iguistic operative. However, some important aspects of fMRI
previous fMRI studies of visuospatial paradigms (Carpen-assessment and the fMRI paradigm need to be considered.
ter et al., 1999; Cohen et al., 1996; Gauthier et al., 2002; Unlike lesion studies, or other functional mapping meth-
Gron et al., 2000; Jordan et al., 2002; Kraut et al., 1997; Ngds such as intraoperative cortical stimulation or transcra-
etal., 2000; Sack et al., 2002; Shen et al., 1999; Sugio et alnial magnetic stimulation, fMRI mapping by itself does not
1999; Tagaris et al., 1996; Vannini et al., 2004; Weiss et al.provide a hierarchy of functional organization and con-
2003). Extensive clusters in bilateral regions of lateral occiphectivity (Sarter et al., 1996). Interference with task per-
ital and posterior inferomedial temporal lobes are similarlyformance from either a lesion or one of the mentioned
robust, and follow the expected ventral visual stream substimulation techniques can be interpretetihocas an indi-
serving object identification and semantic retrieval (Car-cation that the affected region is a critical resource that
penter et al., 1999; Gauthier et al., 2002; Haxby et al., 1991must be invoked for effective task performance. Compared
Krautetal., 1997; Shen etal., 1998; Sugio et al., 1999). Théo these focal stimulation techniques, functional imaging
left frontal lobe cluster overlays the anatomical region ofmodalities such as fMRI provide an advantageous means
lateral inferioymiddle precentral gyrus that is proximal to of spatially mapping multiple regions that demonstrate a
Broca’s area, and likely represents the covert namindiemodynamic response to a stimulus or cognitive task. But
response for the fMRI paradigm. The small bilateral mid-the fMRI indication that distributed cerebral interactions
dle frontal gyrus clusters reflect activity in the frontal eye are involved in a psychometric task does not provide direct
fields for this visual task, and the left anterior cingulate evidence that a focal region is imperative to the functional-
cluster likely represents a response to attention load. ity that the test is intended to probe. For example, it is not
The hemispheric lateralization indexes indicated a signifknown from these fMRI group results what the effects of a
icant difference in comparison between parietal regionsspecific lesion or pathology would have on an individual
with right parietal extent significantly great than left pari- subject's VOT performance. When assessed within these
etal. These lateralization index values are a measure of conconstraints, these fMRI results can offer evidence of the
parative fMRI spatial extent only, and do not necessarilyregions and pathways that are involved in the VOT and by
indicate a segregation or difference between hemispheritnplication the possible neural sources which may be indi-
functions; that is, it is not known from these results whethercated by a performance deficit. Previous studies have
right and left parietal regions are involved in similar or attempted to address this issue of differences between func-
different aspects of visuospatial processing. The left frontational imaging and lesion studies. Ng et al. (2000) reported
region is probably a lateralized linguistic response related bilateral posterior parietal fMRI participation in a group
to the word-retrieval task demands, but the paradigm wasf normal volunteers performing a modified version of the
not optimally designed to isolate specific functional Benton Judgment of Line Orientation visuospatial task. Com-
responses. The lateralization index values are intended agparison was made to a cohort of patients with either right or
comparative measure of global—bilateral fMRI spatial extentleft parietal lobe damage. The right hemisphere lesion group
These spatially extensive fMRI mapping results, at firstwas found to have a somewhat more severe performance
inspection, could be interpreted as indicating at least a bilatdeficit. Sack et al. (2002) reported superior parietal lobule
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involvement with fMRI mapping during performance of a which a reduced amount of visuospatial processing occurred
visually presented spatial judgment task. Task performanceas not devoid of visual stimulus or cognitive effort. The
was selectively impaired when volunteers were subjectedisual stimulus, working memory, and object name recog-
to repetitive transcranial magnetic stimulation (rTMS) of nition processing that occurred during the control condition
the superior parietal lobules. Hemispheric differences owould be expected to minimize the effects of these opera-
laterality in the parietal lobes were not reported in the Sackives within the final contrast results. For example, the lack
et al. study. Further research will be necessary to determinef primary visual area response mapping could be due to a
the correspondence between fMRI mapping results andelative lack of visual stimulus contrast between the condi-
degree of deficit from localized cerebral damage to perfortions. The chosen conditional contrast could be expected to
mance of either the VOT or other visuospatial task paradigmdavor the visuospatial VOT demands, at the expense of under-
The fMRI paradigm used in this study was an attemptestimating the ongoing processes that occur throughout the
to adapt the VOT method to the constraints of a MRI-entire 10 s of each trial.
compatible presentation and performance. The modifica- Similar to the clinical application of the VOT, a self-
tion of the normally required overt naming response to gpaced paradigm and appropriate analysis might provide a
covert word generation and simplified word discrimination more accurate representation of task performance timing
task allowed an effective minimization of confounding headand resultant hemodynamic response. A modification of the
movements associated with overt word production. ThisvOT method toward the design of a fMRI paradigm with a
modification precluded an ability to record confrontational controlled non-task stimulus condition could provide addi-
naming task accuracy, and the involvement of networks fotional specificity to the visuospatial task demands. An exam-
overt speech. Itis unknown to what extent the modificationple of such a paradigm might be to contrast task conditions
of the VOT paradigm to exclude overt verbal response®f the VOT with performance of the Boston Naming Test
may have affected the fMRI mapping results. Presumablyguring the same scan. The similarity in line drawings and
the decreased confrontational naming component of theonfrontational naming demands between the two tests could
fMRI paradigm may have affected the extent and magnicontrol for both visual presentation stimulus and language
tude of detected responses in functional language regionsesponse. The resulting contrast could be presumed to indi-
This may have shifted the indices of lateralization or biasedcate the specific regions involved in visuospatial integra-
the results toward posterior regions. Debriefing of the subtion. Alternatively, a paradigm design that contrasts VOT
jects indicated that they were compliant with the paradignperformance with non-stimulus periods of “rest” would be
instruction to covertly generate a word name for the VOTexpected to more fully demonstrate visual stimulus and cog-
image presentations, and the accuracy of word discriminanitive responses, but at the expense of visuospatial process-
tion responses demonstrated at least some measure of siieg specificity. Both fMRI paradigm design approaches of
cess to the naming performance. This word discriminatior(1) self-pacing, and (2) further stimulus condition control
modification is similar in effect to the multiple-choice deriv- are beyond the scope of this current study, but may warrant
ative proposed by Shultheis et al. (2000). Accuracy of wordadditional investigation.
discrimination response was not applied as a covariate in Previous studies showing gender-based differences in
the analysis, since the intent of the study was toward @MRI of visuospatial paradigms have been reported, utiliz-
general delineation of the regional responses to the VOTng a maze task (Gron et al.,, 2000) and mental rotation
performance. As measured by the word discrimination(Jordan et al., 2002; Weiss et al., 2003). Gender differences
scores there was a limited range in performance, with alivere not detected in this study at the groupwise FDR-
subjects performing very well. Additional investigation with corrected threshold op < .005, so no gender effect is
fMRI of subjects who perform poorly on VOT might observed within the laterality index measures. At a reduced
yield differences for fMRI results in relation to intact sub- threshold ofp < .00005 (uncorrected), the gender-based
jects, or insights into lesion sites that directly affect VOT differences in this study are subtle. While not all the gender-
performance. related differences from these previous citation studies were
By modeling the fMRI paradigm after the VOT method, seen with the VOT fMRI paradigm, the posterior cingulate
some restrictions are applied to the outcome specificity. Asegion withmale > femalecontrast (Gron et al., 2000) and
previously noted, the fMRI results indicate a general magright inferior parietal region witHfemale > male contrast
of regional task involvement, but lack a specific focus to(Gron et al., 2000; Weiss et al., 2003) are in agreement.
the critical task demands for visuospatial integration abil-Other previously reported regions of gender-based differ-
ity. The fMRI analysis is based on a simple comparison ofences in fMRI of visuospatial paradigms (e.g., right frontal
(1) a visuospatial task performance condition, during thdobe infemale> malecontrast) that are not observed in this
initial 3 s of each VOT image presentation; and (2) a pre-study may be due to different task demands for the VOT
sumed non-task condition, during the remagnihs between performance compared to the tasks of mental rotation or
presentations. This presumption is based on subjects’ postraze navigation employed in the prior reports. It is also
fMRI debriefing indicating that they were usually able to possible that the gender imbalance and relatively small sam-
identify each image during the first few seconds of its pre-ple size of 11 male and 8 female subjects in this study is
sentation. However, the selected control condition duringnsufficient to adequately define gender-based differences.
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Tagaris et al. (1996) reported a quantitative correlatiorCirillo, M., Swearer, J., Kane, K., & Lavoie, M. (1999). Influence
between mental rotation task difficulty and fMRI responses of perceptual organization and naming on the Hooper Visual
in superior parietal lobe. fMRI of increasing angular dis- Organization Test in an older sampléournal of the Inter-
parity in a mental rotation task has been reported to dem- national Neuropsychological Socie§, 119. N
onstrate increasing fMRI responses in parietal, frontal, an&©¢€!lo. E., Ardila, A., & Rosselli, M. (1990). Is there a cognitive
temporal regions (Carpenter et al., 1999). Gauthier et al. marker in major depressiorfiternational Journal of Neuro-

. . . . i 137-145.
(2002) measured a fMRI increase in superior parietal Iob%oﬁcefngeso‘ Fs’rmanss D., Braver, T.S., Casey, B.J., Servan-

proportional to viewpoint disparity during mental rotation, g reiper, ., & Noll, D.C. (1994). Activation of the prefrontal
but not during object recognition. The VOT task difficulty  ¢ortex in a nonspatial working memory task with functional

increases with successive presentations, but parametric analy- MRr|. Human Brain Mappingl, 293-304.

sis of signal increase related to time did not yield a fMRI Cohen, M.S.,. Kosslyn, S.M., Breiter, H.C., DiGirolamo, G.J.,
response correlation. Inspection of averaged time courses Thompson, W.L., Anderson, A.K., Brookheimer, S.Y., Rosen,
from the 4 exemplary subjects in Figure 2 fails to indicate a B.R., & Belliveau, JW. (1996). Changes in cortical activity
consistent signal increase during the task duration. The fail- during mental rotation. Amapping study using functional MRI.
ure to detect a fMRI signal change corresponding to VOT _ Brain, 119, 89-100. o

task difficulty may be due to inter-subject variability, insuf- Fitz,A-G., Conrad, P.M., Hom, D.L., Sarff, P.L., & Majovski, L.V.

ficient degree of increasing difficulty, or insensitivity of the (1992). Hooper Visual Organization Test Performance in Lat-
. . eralized Brain InjuryArchives of Clinical Neuropsychology,

analysis model to subtle response differences. 243-250

In summary, this study is a report on the multiple I’GQ'onalFriston, K.J.,, Holmes, A.P., Poline, J.B., Grasby, P.J., Williams,

hemodynamic BOLD responses to a fMRI-adapted para- g ¢ Frackowiak, R.S., & Turner, R. (1995). Analysis of fMRI
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and integrative cognition. These findings represent an ini- Neuroimage10, 385-396.
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understanding of the brain-behavior relationships specific ton and viewpoint-dependent object recognitidteuron 34,

to this neuropsychological test. Consideration of these fMRIG 161-171. indb ianchini d 2000
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tions and differences between functional mapping methods Constr_uct_valldlty r?md predictive Yalu? of th-e Hooper Visual
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and lesion studies. These results suggest that clinical VOT chology 7, 215-222.
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