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INTRODUCTION

Reasoning is an essential human capacity that allows peopleto solve new problems.
Reasoning skills have been separated into language-based and object-based reasoning and
consider to be associated to different neural substrates'. L eft hemisphereinvolvement is
thought to berelated to reasoning processes that heavily depend on language, whileright
hemispher e activitation is thought to be associated to visuo-spatial reasoning skills. However,
imaging and lesion studies suggest that the brain regionsthat support these reasoning skills
may not be separate. For instance, asthe object reasoning becomes mor e abstract reasoning
engages language-related areas?. Furthermor e, evidence from split-brain patients suggest
that both hemispher es ar e capable of non-verbal reasoning?.

HYPOTHESIS

This study used fMRI to isolate modality-independent brain areas that are associated with
sentence-based and object-based reasoning. Wetest the hypothesis that some of the cortical
areas operating during verbal reasoning and object reasoning will be shared suggesting
underlying common processes.

CONCLUSION
e Both verbal and figural Reasoning tasks activate specific
patterns of cortical areas that involve more than language and
visuo-spatial processing areasrespectively.
* Many of the cortical areas operating during verbal reasoning
are also active during object reasoning.

¢ Theresults suggest that verbal and object reasoning share
fundamental processesthat are carried out in the common areas.
Then, a general pattern of brain regions may be associated with
different types of reasoning skills .
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RESULTS

100% Conserved Brodmann s Areas
Active During Reasoning

ANATOMICAL AREAS Verbal R, Verbal AND Object  Object R.
FOR ALL SUBJECTS ONLY Reasoning ONLY
Inferior Frontal Gyrus 44 44 45
LEFT Inferior Parietal Lobule 40 40 40
hem. MiddleFrontal Gyrus 6,9 6,9 9
Medial Frontal Gyrus 6 6 -
Precentral Gyrus - - 6
Precuneus - = 19
Middle Frontal Gyrus 6 6 9
RH'g;T Inferior Frontal Gyrus - - 44,45
" Inferior Parietal Lobule 40 40 40
Precuneus - - 19

Coordinates of Activity for
Verbal AND Object Reasoning

100 % CONSERVED TAILARAICH AND TOURNEAUX

ANATOMICAL COORDINATES

AND BRODMANN'SAREAS X Y z
Inferior Frontal Gyrus 44 45 © 23
Inferior Parietal Lobule 40 3 37 39
hg} Middle Frontal Gyrus 6 34 -1 a7
) Middle Frontal Gyrus 9 43 3 36
Medial Frontal Gyrus 6 13 2 50
RIGHT Middle Frontal Gyrus 6 -39 10 48
HEM. Inferior Parietal Lobule 40 -40 -39 40

Brain areas Activated across Input Modalities,
across Reasoning Tasks and across Individuals

Inferior Middle Middle  Middle Medial
Parietal L. Frontal G. Frontal G. Frontal G. Frontal G.
B.A. BA.6 BA.9 BA.6 B.A.6

Inferior

Verbal Reasoning ONLY Object Reasoning ONLY Inferior
Frontal G. Parietal L.
Verbal AND Object Reasoning R B.A. 44 B.A. 40
METHODS REFERENCES

Images were acquired on a 1.5T GE clinical scanner with echo-planar capability. T2*-
weighted images wer e acquired using a gradient echo sequence (TR=4000msec, TE=60msec,
flip angle=60deg). Thein-plane resolution was 1.5 x 1.5 x 4.5 mm (128x128matrix, 19x19 cm
field of view ). Slice thickness was 4.5mm and 21 contiguous slices parallel to the anterior and
posterior commissure line covered the entire brain. High resolution anatomical images were
acquired in the same position.

5right handed subjects performed the verbal and object reasoning tasks in visual and
auditory modality or visual and tactile modality respectively. A voxel-by-voxel multistage
statistical analysis was applied to isolate active voxels®. A conjunction analysisisolated the
voxels that were associated with the verbal or the object task performed in both sensory
modalities. Two logical operations, Conjunction and Exclusion, were applied to separate the
brain regions associated with exclusively one or both deductive reasoning tasks®. A
conser vation approach identified the brain regions activein all subjects.
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