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Identification of physiological factors affecting aging of working memory

KUNIMI, Mitsunobu

3,000,000

Focusing on visual modality, | attend to clarify neural basis and mutual
nerve communication related to retention of memorandum information, and to establish a method to
more accurately capture age-related change of brain activity during retention. From the results of
the current source estimation, it was confirmed that the parietal - occipital region involved in the

short term retention of visual information, and that activation was enhanced by the memory load. In
addition, visualization of time series of visual information processing by dynamics presumption
revealed dorsal stream and ventral stream. These results contribute to brain activity estimation
technology in terms of data and method development. Generalization of changes in age and individual
differences is a future subject.

MEG EEG fMRI aging working memory



working memory; WM

Hedden & Gabrieli,
2004
WM
WM
WM
WM
NIRS Near-infrared spectroscopy
WM
1.5

fMRI  functional
magnetic resonance imaging
WM

CRUNCH
WM
WM

WM

WM

WM

Lindenberger & Baltes, 1994
WM
WM

e.g., Robitaille et al., 2010; Grimault
etal., 2009; Xu & Chun, 2006; Todd & Marois,
2004 Change Detection Task
(CDT; cf., Vogel & Machizawa, 2004)

magnetoencephalography

(MEG) electroencephalography
(EEG)

MEG, EEG

test-retest MEG
EEG
WM

9 1 female, mean age:

28.4) 400

MEG(210-channel axial gradiometer and
190-channel planar gradiometer; PQ1400RM;
Yokogawa Electric Co., Japan) 63

EEG (BrainAmp; Brain Products Gmbh.,
Germany)

visual color change-detection
task; cf., Vogel & Machizawa, 2004
Fig. 1 1
vs. 4 x VS.
96 1 5

Cowan®s K formula (Rouder,
et al., 2011)

K = (hit rate + correct rejection rate —
1) x memory set size

minimum-norm algorithms
Variational Bayesian multimodal
encephalography (VBMEG; Sato et al., 2004)

400-800ms



F = variance across conditions/variance

across days

beamformer
minimum-norm algorithms

" ]
300-500 u
Memory array g u}
100
T ot +8
' u]
900 d

+

Fix
1800-2000

Figure 1: The schematic
illustration of a trail. Cue; an
arrow is presented. During the
trial, participants pay
attention to the direction of

arrow. Memory array; colored
squares (one or Tfour) are
presented as stimuli.

Participants memorize all colors.
Test array; one colored square
stimulus (test stimulus) is
presented. Participants judge
whether the test stimulus is the
same color as that in response
box.
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fMRI EPI; 3T, Slices

= 50, TR = 3000ms, TE = 30ms, Thickness =
3mm, Gap = 0.72mm, FOV = 192mm, 64x 64,

Interleaved Statistical
Parametric Mapping SPM12
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Joliceur, Sessa, Dell’ Acqua, &
Robitaille, 2006) MEG
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magnetic field (SPCM; Robitaille et al .,
2010)
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Figure 2: Mean time series of SPCM
(top row) and SPCN (bottom row)
during the retention period,
0.4-0.8 sec.
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[aal (Automated Anatomical Labeling) =
59, 60], the inferior parietal gyrus [aal
= 61, 62], and the angular gyrus [aal =
65, 66]) (the superior
occipital gyrus [aal = 49, 50], the
middle occipital gyrus [aal = 51, 52],
and the inferior occipital gyrus [aal =

53, 54]) Fig.3
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Labeling) = 59, 60], the inferior

parietal gyrus [aal = 61, 62], and the
angular gyrus [aal = 65, 66])
(the superior occipital gyrus
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gyrus [aal = 51, 52], and the inferior
occipital gyrus [aal = 53, 54])
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Figure 3: Sample result of current
source estimation (sub03, set
size 4, left-hemifield, MEG). SO:
superior occipital, MO: middle
occipital, 10: inferior occipital,
SP:  superior parietal, IP:
inferior parietal, Ang: angular
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Figure 4: Sample result of dynamics
estimation.
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Figure 5: Comparison of spatial
correlation between current source

estimation techniques. In this case,

vb_MN

correlation coefficients were
calculated all set size and
hemifield conditions together.

Figures were drawn by MEG (left) or
EEG (right). The vertical axis
represents correlation
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coefficients and horizontal axis
means current source estimation
techniques (BF: beamformer, MN:
minimum norm, vb MN; VBMEG using
minimum-norm algorithm as a prior).
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Figure 6: Comparison of
reproducibility rate of set size
effect between current source
estimation techniques. Figures were
drawn by area around the 10S (top
row) or the IPS (bottom row) on the
contralateral hemisphere against
the attentional hemifield. Figures
were presented by MEG (left) or EEG
(right). Area around the 10S
included the superior occipital,
the middle occipital, and the
inferior occipital. Area around the
IPS included the superior parietal,
the inferior parietal, and the
angular. The  vertical axis
represents the reproducibility rate
and horizontal axis means current
source estimation techniques (BF:
beamformer, MN: minimum norm,

> sub01
sub02
== sub03
sub0S
sub07;
sub08
sub09

vb MN; VBMEG using minimum-norm
algorithm as a prior).
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Figure 7: Time series of estimated
current in older adults
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