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Abacus

I
It is an ancient mechanical calculation device, but still widely

used in Asian countries.

I
Skilled abacus users can perform calculations extremely rapidly

which involve very large numbers, often more than 10 digits.

I
It is a simple device of beads and rods. Numbers are

represented by the spatial locations of beads (4 plus 1 bead

per decimal place)
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Mental Abacus

I
Previous behavioral studies have shown that skilled abacus

users perform rapid and precise mental arithmetic by

manipulating a mental representation of an abacus, which is

based on visual imagery.

I
Psychological studies have shown that a non-linguistic strategy

using visual imagery of the abacus (a “mental abacus”)

underlies this unusual calculation ability.

I
Neuroimaging studies have reported activation in the bilateral

dorsal premotor cortex (PMd) and inferior and superior

parietal lobule (IPL and SPL, respectively) during mental

calculation and digit memory tasks in abacus users.

I
No neuropsychological studies reporting deficits in mental

abacus ability after focal brain injury. Therefore, the causal

relationship between mental abacus ability and region-specific

brain structures remains unclear.
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“I lost my abacus in the brain”. A case study

Abacus in the brain: a longitudinal functional MRI study of a skilled abacus user with a
right hemispheric lesion. Tanaka et al. 2012

I The patient was a 57-year old left handed female. She had a Ph.D.
degree in medicine and had worked as a scientist in the field of
neuropsychology for more than 25 years. She had published more than 20
international peer-reviewed papers.

I She was an excellent and skilled abacus user. She became a finalist at a
domestic abacus competition in Japan in two successive years.

I She used abacus-based mental calculation in everyday activities, but
transiently lost her “mental abacus” and superior arithmetic performance
after a stroke.

I The patient’s knowledge and operation of basic arithmetic facts and of a
physical abacus were all intact. Her impairment of arithmetic ability was
specific to mental calculation and digit memory only based on the mental
abacus strategy.

I Right hemispheric lesion including the dorsal premotor cortex (PMd) and
inferior parietal lobule (IPL).

I Functional magnetic resonance imaging experiments were conducted 6
and 13 months after her stroke.
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Behavioral performance



A mental calculation and a digit memory task



fMRI study. Mental calculation task.



fMRI study. Digit memory task.



Summary

I The first case report on the impairment of the mental abacus by a
brain lesion (“abacus-based acalculia”) and on recovery-related brain
activity.

I Right hemispheric lesion including the dorsal premotor cortex (PMd)
and inferior parietal lobule (IPL).

I In the mental calculation task, her brain activity was shifted from
the language-related areas, including Broca’s area and the left
dlPFC and IPLs, to the visuospatial-related brain areas including the
left SPL, according to the recovery of her arithmetic abilities.

I In the digit memory task, activities in the bilateral SPL, and right
visual association cortex were also observed after recovery.

I However, they do not show significant activation of PMd after
recovery...

I The shift of brain activities was consistent with her subjective report
that she was able to shift the calculation strategy from linguistic to
visuospatial as her mental abacus became stable again.
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